
Rank load: Each node/access point 104 in the mesh network 106 measures its respective utllization rate according 

to equation (8) and exchanges this information with other network nodes. Each AP 104 can then identify a 

bottleneck node along its route to the mesh gateway 102. When the client 110 scans the AP, the AP reports this 

parameter to the client. Based on this parameter, client 110 can assign a rating to each AP 104, which is the AP 

with the smallest bottleneck utilization along its backhaul route. It should be noted that node utilization, rather 

than link utilization, is used as an indication of AP load. This is because, in order to load balance the network 

106, it is necessary to consider the total traffic through one node instead of just the traffic on a particular link. 

The advantage of specifying a rating based on these metrics is that it allows abstraction of the underlying metrics. 

Regardless of the metric used, system 100 can simply use the ranking to calculate the final AP score. This allows 

system 100 to use more relevant metrics for different measurement purposes. For example, system 100 can use 

throughput to estimate channel quality between an AP and a client while using node utilization to estimate 

network load. 

The Rank AP and Rank path are designed to maximize client throughput and therefore provide optimal end-to­

end performance. With these two ratings, the client 110 can select an AP that has the best estimated throughput 

between the client and the AP and has the best path in terms of backhaul performance. However, by considering 

the utilization of a single mesh node, the Rank load metric is directed to achieving consistent traffic distribution 

in the mesh backhauL Combining these ratings allows the client 110 to select the best AP that is both the purpose 

of providing the best end user experience while achieving the load balancing destination service in the mesh 

backhaul wireless network 106. The following equation is used to combine these parameters and calculate the 

final AP score: 

AP score " (J) 1 x (Rank AP + Rank path)+ c0 2 xRank load (9) 

Where w 1 and c0 2 are the weights assigned to each item, and take values in the range O to 1. Assigning different 

weights to two items allows the system 100 to achieve a balance between the two opposite goals of always 

choosing the best end-to-end throughput and balancing traffic across the mesh. 

According to another embodiment depicted in FIG. 5A, a method 500 of selecting an AP for accessing the 

wireless network 106 for the mobile client 110 based on the quality and load characteristics of the wireless 

network is provided. ln particular. for each AP detected by the AP scanning process, the client 110 collects and 

calculates information on the connection quality and load characteristics of the various paths through the wireless 

network 106 (502). The client 110 then ranks (504) all detected APs based on the connection quality and load 

characteristics and calculates a score (506) for each detected AP from the resulting ranking. Finally, client 110 

selects an AP based on the score to access wireless network 106 (508). 
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FIG. SB depicts another embodiment of an AP selection method 500. As shown in FIG. SB, the client device 110 

first scans for available APs by using an AP scanning process, and selects the top three APs based on signal 

strength measurements. Thereafter, client 110 obtains individual measurements associated with each AP. Then, 

uslng these measurements, the client device 110 can rank each AP and finally estimate the AP score using 

equation (9). Once the dient calculates the above AP score for each AP, the dient 110 can make an association 

decision. 

According to another embodiment, when client 110 is connected to wireless network 106, it periodically scans 

the channel and obtains a new set of measurements for each of the three metrics from the neighboring AP. Based 

on these new measurements, client 110 can update its AP score and switch to the new AP based on the new score. 

Implementation details 

mobile client 

2B depicts a schematlc diagram of the stmcture of the mobile client 110. These structures can be applied to any 

mobile platform. 

In one embodiment, the structure depicted in Figure 2B can be implemented as a middleware program. 

Advantages of such implementation lndude (i) application transparency, (ii) no system upgrade or palnful 

recompilation, and (iii) each use or interaction across different components (eg. sensor hardware). Figure 2B 

depicts four main components that provide the various functions described above. 

Mobility module 284: Mobility module (MM) 284 periodically monitors the motion of the mobile client based 

on samples of the sensor or accelerometer. The MM 284 periodically turns on the accelerometer for a 

predetermined period of time (eg, 1 second on, 4s off). Based on the collected samples, the MM 284 uses 

Goertzel signal processing techniques to classify the behavior of mobile users. 

Scan module 285: Scan module (SM) 285 is directed to performing periodic and on-demand AP scan tasks. 

When the SM 285 gets a disconnect notification from the underlying wireless network interface card, it calculates 

and uses the optimal scanning frequency based on at least the measured AP node density and client motion 
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descrlhed above. Next, the SM 285 triggers an on-demand scan in the connected state. Whenever other modules 

request a scan, it first checks for the most recent scan result If there is a cached result, the SM 285 passes it to the 

requesting module. Otherwise, it immediately triggers a new AP scanning process. 

Association Module 286: Association Module (AM) 286 indudes network monltming and AP selectlon 

functionality as described above. For network monitoring, the AM 286 uses network status information that is 

available from the wireless node. It first sends a path status request message to a group of APs selected from the 

scan based on the RSS lnformation. Each AP replies to the dient with path network information from the mobile 

dient to the gateway. This monitoring and messaging technology has been implemented in the OLSR plugin 

running on the mobile dienL The AM 286 exchanges this information between mesh nodes using existing OLSR 

control messages. Such information exchange can also be made available using the IEEE 802.1 lk protocol, such 

as the non-patent entitled "Load balancing in WLANs through IEEE 802.11 kmechanisms" by EG Villegas et al., 

Proc. of the IEEE ISCC, 2006. This document is hereby incorporated by reference in its entirety. When the client 

performs the AP selection process, it simply sends a GET query message to the desired AP. 

Migration module 287: Migration Module (MI) 287 performs preemptive migration of AP associations as 

described above. Even when the mobile client connects to an AP, the MI 287 dynamically changes the migration 

trigger threshold by using the client's motion lnformation and AP density. In addition, MI 287 also dynamically 

adapts the migration threshold considering AP density and average RSS. As the mobile client moves around, the 

MI 287 uses historical AP density data to calculate an average of the nearest AP densities. Then, if the density and 

RSS increase, the MI 287 lowers the migration threshold for the dlent 110 to find a better AP, and vice versa. 

Mesh router 

In order to collect certain network statistics for AP selection from the mesh AP, the first metric is the modified 

cumulative path performance for each AP. In one embodiment, the underlying OLSR routing protocol is 

implemented ln each AP. The cumulative ETX value of each AP-to-mesh gateway path described ln equation (7) 

is provided by the routing protocol and integrated with the channel information for each node. Each mesh AP 

can then calculate the modified ETX value for Hs own path to the gateway node and enable the dient device to 

obtain this value during the AP scan phase. When the link quallty changes, or lf the routing protocol selects a new 

path, the AP can calculate a new modified ETX value. 

To estimate node utilization, one implementation provides a modified Madwifi driver for each AP. Each AP 

keeps track of the total number of bytes transmitted by that AP to aH its nelghbors and keeps track of the 

maximum amount of data ( capacity) that the AP can transmit to its neighbors at any given time. Modify the 

OLSR TC message to add a field that carries the utilization value for each node, thereby avoiding the overhead of 
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transmitting additional packets. In this manner, each AP receives utilization information for all other APs in the 

mesh network 106. Then, based on equation (8), each mesh node can estimate bottleneck utilization for its own 

path to mesh gateway 102. It also enables the client to obtain this infonnaHon and use this information to 

estimate the Rank load metric. 

The last metric that needs to be provided is the channel quality between the client and the AP. In one 

embodiment, it is assumed that most of the traffic flows in the downlink direction from the mesh gateway to the 

dient because most of the servers currently reside on the external wired network. In this embodiment, only the 

downlink channel quality between the AP and the dient is estimated. To do this, use the estimated throughput 

metric. As mentioned above, each mesh AP keeps track of its own utilization, and therefore also knows the 

current transfer rate between itself and the client. 

Once these two parameters are provided, the mobile client calculates the estimated throughput in the downlink 

direction and uses it to classify the AP for its client--to--AP link performance. 

According to this embodiment, in order to obtain the necessary infonnation to determine the AP score from the 

wireless AP, a customized OLSR plug-in is implemented on each AP and keep track of all data measured by that 

AP. Upon receiving a GET request from the mobile client, each AP's OLSR plugin responds with the measured 

statistics. 

Performance evaluation 

This section describes various experiments designed to evaluate the system 100 depicted in FIG. For the purposes 

of evaluation only. various implementations of the system in accordance with the above-described exemplary 

embodiments are provided herein, and thus should in no way be used to limit the scope of the invention. 

Experimental establishment 

The outdoor test rig illustrated in Figure 11 was constructed in a forest reserve that spans 2,000 acres of wilderness 

and hilly terrain. The test bed supports real-time traffic and is actively used by several researchers. It consists of 34 

mesh nodes (access points) located in 31 physical locations. It can be seen that the average number of APs is 8 

and the transmission range of the AP is 300 m. 
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The nodes in the mesh network are built using the Soekris net4826 embedded motherboard. Each node has 266 

MHz of 586 processors, 128 MB of SD RAM, and flash storage from 64 MB to 256 MB. For wireless devices, each 

motherboard is equipped with two Atheros 802.llb/g Mini-PCI cards. A radio operating on the 802.llb/g 

standard can use three non-overlapping channels. AH nodes run a custom Linux distribution using kernel 2.6.28 

with a modified wireless device driver. Use the OLSR routing protocol. 

The indoor test rig is deployed inside the office building and consists of 15 APs across two floors. Each grid 

includes an OpenWRT-based Cambria GW2358-4 motherboard, a 667MHz Intel XScale processor, 128MB of 

RAM and 32MB offlash memory. Each wireless node supports two radios based on the Atheros chipset which 

runs an open source Madwifi wireless device driver. A radio on each node is configured in an ad-hoc mode, 

thereby forming a mesh backhaul. These radios use an 802.lla modulation strategy. Another radio on each node 

is configured as an AP (thus providing dient access) and uses an 802.llg modulation strategy. Different channels 

are assigned to different APs to minimize interference. A wireless node also acts as a mesh gateway 102 that is 

connected to an external network. The default rate adaptation technique available in the OLSR routing protocol 

with ETX metrics and in the Madwifi driver is used in the test bed. 

Experimental result 

Efficiency of disconnection sensing: The performance of the disconnection sensing technique depicted in Figure 

48 was measured at an outdoor test rig. During the experiment, the mobile client moved for 10 minutes around 

different areas of behavior (ie, standing, walking) and measured the number of scans triggered by the mobile 

client. For comparison, the number of scans is also measured while changing the threshold of the threshold-­

based periodic policy. 

Figure 12A depicts a performance corn parison between the adaptive triggering of the disconnected AP sensing 

and the fixed periodic AP scanning depicted in Figure 11B wHh respect to the average power consumption of the 

scanning process and the detection of the available AP delay. During the experiment, based on the estimated AP 

density. the threshold distance (d th) for the adaptation trigger was set to 71 m. The trigger intervals for fixed 

frequency triggering are set to 10s, 20s, 30s, and 60s, respectively. As shown in the figure, the adaptive trigger 

saves scan energy consumption by up to 60% compared to a fixed frequency trigger wlth a 30s trigger interval, 

while keeping the AP detection delay at the same level as the fixed frequency trigger. This benefit is provided by 

combining motion information in adjusting the trigger interval (or frequency). In particular, each client 110 

calculates an optimal scan frequency based on the distance traveled by the mobile user. Uthe distance does not 

increase, the mobile client suppresses the scan, saving energy. At the same time, when the mobile client travels a 

distance greater than the threshold, H triggers an AP scan to detect the access opportunity, thereby reducing the 

detection delay. 
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The effectiveness of connecting AP sensing 

The validity of the connection mode provided by system 100 is further evaluated. When the mobile client 

connected to the indoor wireless network moves around a track in the indoor test rig for 6 minutes, including 3 

minutes of walking and 3 minutes of standing, the total energy consumption per minute is measured from the 

connected mode. For comparison, the energy consumption of a traditional fixed threshold system and a 

benchmark system (labeled "Oracle") was also measured. Three dHterent fixed thresholds, -55dBm, -75dBm, and 

-95dBm, are set for the fixed threshold triggering technique. In an Oracle system, the mobile device is configured 

to scan the channel every two seconds to provide very fine-grained measurements and to determine the best AP 

based on the scan results throughout the experiment The selected AP is used as the best cholce and ignores the 

scan overhead. 

Figure 12B shows the average energy consumption per minute for migration. As shown in the figure, when the 

client moves around (sports scene), the adaptation threshold technique as described above saves energy by 47% 

compared to the migration of a fixed threshold. This is primarily because the adaptation threshold technique 

suppresses unnecessary scanning when the mobile client is stationary. Furthermore, while saving energy for 

scanning, the adaptive thresholding technique still achieves almost the same level of RSS from associated APs 

throughout the experiment. Table 1 further shows that for different thresholds, the RSS implemented by the 

adaptation threshold technique is dose to the RSS of the "Oracle" technology. For stationary (fixed) scenarios, 

the adaptive thresholding technique also achieves a similar level of RSS while reducing energy consumption by 

34%. 

Table 1: Comparison of RSS implemented between fixed threshold sensing and motion sensing sensing 

!image] 

Dynamically sense the effectiveness of the trigger threshold 

Figure 12C illustrates the effectiveness of a threshold adaptive strategy based on AP density. In the experiment, 

the mobile client was carried by users walking around (indoor and outdoor) locations, with local AP density 

varying from 5 to 25. First, use a fixed set of RSS thresholds. Count the number of scans triggered by the mobile 

client and compare the average RSS implemented by the mobile dient to the "Oracle" technology, assuming that 

Oracle technology always chooses the best AP without any overhead. This figure dearly shows the trade-off 

between RSS and scan overhead. For the same experimental setup, the AP density--based threshold adaptive 
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strategy made a good trade-off, with 94.4% of RSS while scanning 16 times because it was able to dynamically 

adapt the threshold based on local AP density. 

AP selection strategy assessment 

To further evaluate the AP selection strategy, a separate experiment was performed. The experiment 

demonstrates how the AP selection strategy utilizes link quality information that can be obtained from the 

underlying routing protocol as described above and incorporates load balancing in the AP selection process. 

In the experiment, the client device scans for available APs and requests a modified cumulative ETX value for 

that AP to the path of the mesh gateway 102 from each available AP. This value is then used by the client as an 

indicator of the hackhaul path performance between the AP and the gateway node. In order to estimate the 

quality of the link between itself and the AP, the client also obtains an estimated downlink throughput value from 

each AP. Both of these values are passively measured by the mesh AP as described above, so no client resources 

are used. By combining the two pieces of data, the client makes the final AP selection decision. 

Figure 13 illustrates the CDF of throughput achieved by the client device at two different locations in the test bed 

utilizing the AP selection strategy ("throughput + ETX based AP selection") described herein. The figure also 

shows client throughput for the case where only the estimated client-to-AP link throughput ls used for AP 

selection ("throughput--based AP selection"). The throughput increase is because system 100 incorporates path 

ETX, which considers the performance of mesh backhaul wireless network 106 in the AP selection process. A 

similar improvement was observed during the round trip time of the client device, as shown in FIG. 

One point that should be pointed out from Figure 5 is that we have implemented performance similar to the 

scenario in which traditional active policies are used to estimate mesh backhaul performance based on AP 

selection strategies that utilize routing protocol metrics. This confirms the fact that the link quality metrics that 

can be obtained from the underlying routing protocol can be used to estimate the mesh backhaul performance. 

As shown in equation (9), the two weights u) 1 and w 2 are used to balance between throughput and load 

balancing in AP selection. Figure 15 shows the network throughput values for different combinations of these 

two weights. As shown in Fig. 15, when (ll 1 is set to 0. the network performance is degraded. In this case. the 

client will choose the AP with the lowest bottleneck utilization along its backhaul path. regardless of the 

throughput that can he achieved on that path. In terms of throughput, the best performance is achieved when c0 

2 is set to zero. However, this also achieves the worst performance in terms of minimizing bottleneck utilization 

in the mesh backhaul. As the value of w 1 increases, an improvement in performance is observed because it gives 
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the "throughput" component a higher weight. 1--:Iowever, this also leads to an increase in bottleneck network 

utilization, resulting in an uneven distribution of traffic in the network Therefore, the two weights w 1 and (D 2 

can be adjusted to match the target network performance and design requirements. 

To evaluate the impact ofload characteristics on AP selection, an experiment was performed in whlch values 0.6 

and 0.4 were assigned to w 1 and (D 2 , respectively, because these values provide a way to achieve higher client 

throughput and minimize network bottleneck utilization. The best balance. 

To test the AP selection techniques described herein, new clients are introduced into the network in the indoor 

test bed at varying locations. The number of new clients varies from 1 to 5. Figure 16 illustrates the performance 

of an AP selection policy when considering and not considering the load characteristics of the backhaul wireless 

network 106. It is observed that if there is load balancing, the overall network performance is significantly better, 

and a more balanced trafllc distribution in the mesh backhaul is achieved. 

The AP selection technique was further tested on an outdoor test bench. In addition to the background traffic 

already in the network, two clients are introduced, which generate UDP traffic at a constant rate of 3 Mbps. 

Figure 17 shows the network performance of a client wlth a varying number of clients. Similarly, incorporating 

load characteristics into AP selection provides significant improvements in throughput and round-trip latency. 

In order to evaluate the impact of the AP selection strategy on user traffic, the following experiments were further 

carried out on an outdoor test rig. 

Specifically, the two clients generate background UDP traffic at a constant rate of 3 Mbps. A third dient is 

introduced to transmit UDP data to a server attached to the gateway node at a constant rate of 3 Mbps. During 

the duration of the experiment, the server used the tcpdump tool to collect network traces. A fourth client is then 

introduced in the network that uses the traditional active AP selection policy and the AP selection policy 

described herein. Figure 18 shows the impact of an active policy on existing user throughput. The TCP upload 

and download tests performed by the new client adversely affect the throughput of existing customers. 

Compared to the AP policy described herein, when the newly introduced client uses the traditional active policy, 

the packet loss of the client currently connected to the network is an average of 3.9%. 

While the invention has been particularly shown and described with reference to the preferred embodiments 

embodiments 
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This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

CLAIMS CNl.02907141 

L 
A method of providing a wireless connection to a mobile client, the method comprising: 

The access point (UOA-C) scanning process is periodically triggered to monitor the access point density of the 

wireless network (106); 

The frequency of the trigger is adjusted in response to changes in the density of the access points. 

2. 
The method of claim 1 further comprising: 

The frequency of the trigger is reduced in response to a decrease in the density of the access point. 

3. 
The method of claim 1 or 2, further comprising: 

The frequency of the trigger is increased in response to an increase in the density of the access point 
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4. 
The method of any one of claims 1 to 3, further comprising: 

Monitoring at least one movement of the mobile client; and 

The frequency of the trigger is adjusted in response to the at least one motion of the mobile client. 

5. 
The method of claim 4 further comprising: 

Determining a speed of the at least one movement of the mobile client; and 

The frequency of the trigger is increased in response to the increase in speed. 

6. 
The method of claim 5 further comprising: 

In response to the decrease in speed, the frequency of the trigger is reduced. 

7. 
A method as claimed in claim 5 or daim 6, wherein the movement of the mobile client is detected by an 

accelerometer placed in the mobile client 

8. 
The method of any of claims 1 to 7, further cornprislng: 

Detecting one or more access points in the area in which the mobile dient is located ( 104); 

Monitoring at least the link quality and load characteristics of the wireless network; and 
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In response to at least the link quality and load characteristics of the wireless network, one of the detected one or 

more access points is selected to connect the mobile client to the wireless network. 

9. 
The method of any of claims 1 to 8, wherein the wireless network is a wireless mesh network comprising a 

plurality of access points, wherein another network entity is connected to one of the plurality of access points, 

and wherein Each of the detected one or more access points is associated with a path connecting the 

corresponding access point and the another network entity over the wireless mesh network. each path having a 

plurality of accesses selected from the plurality of access points One or more nodes of the point; 

The method further includes: 

Determining connection quality and load characteristics of each path associated with each of the detected one or 

more access points over the wireless mesh network; 

The access point is selected based on the connection quality and load characteristics of the path. 

10. 
The method of claim 9 further comprising: 

And locating the detected one or more access points based on the detected connection quality and load 

characteristics of the associated path of the one or more access points through the wireless mesh network; and 

According to the ranking. an access point is selected. 

11. 
A computer readable medium having stored thereon computer readable code, when the code is executed by one 

or more digital processors, instructing the one or more digital processors to provide a wireless connection to a 

mobile client, The computer readable code includes: 

An instruction for periodically triggering an access point scanning process to monitor the access point density of 
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the wireless network; and 

An instruction to adjust the frequency of the trigger in response to a change in the density of the access point. 

12. 
The computer readable medium of claim 11 further comprising: 

An instruction for monitoring at least one motion of the mobile client; and 

An instruction to adjust the frequency of the trigger in response to the change in the at least one motion of the 

mobile client. 

13. 
The computer readable medium of claim 11 or 12, the computer code further comprising: 

An instruction for receiving a motion signal from an accelerometer placed in a mobile client; and 

An instruction for determining at least one motion of the mobile client from the motion signal. 

14. 
The computer readable medium according to any one of claims 11 to 13, the computer code further comprising: 

An instruction for detecting one or more access points in an area in which the mobile dient is located; 

An instruction for measuring at least link quality and load characteristics of a wireless network; and 

Configuring to select one of the detected one or more access points to connect the mobile client to the wireless 

network based on at least the link quality and load characteristics of the wireless network to maximize end-to-end 

performance of the wireless connection Instructions. 
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15. 
A mobile client (llOA--C) for connecting to a wireless network (106) via one or more access points (1011), 

comprising: 

a scanning module (247) configured to periodically trigger an access point scanning process to monitor an access 

point density of the wireless network; 

The adjustment module is configured to adjust the frequency of the trigger in response to a change in the density 

of the access points. 

16. 
The mobile client of claim 15 further comprising: 

a sensor (262) configured to generate a motion signal indicative of at least one motion of the mobile client; and 

a mobility monitor (246) configured to monitor at least one motion of the mobile client by the motion signal, 

The adjustment module is further configured to adjust a frequency of the trigger in response to a change in the at 

least one motion of the mobile client. 

17. 
A mobile client according to claim 15 or 16, further comprising an association module (248) configured to 

monitor at least link quality and load characteristics of the wireless network, and according to at least said llnk of 

the wireless network Quality and Load Characteristics An access point (104) is selected to connect the mobile 

client (llOA--C) to the wireless network to maximize end-to-end performance of the wireless connection. 

18. 
The mobile client of any one of daims 15 to 17, wherein the scanning module (247) is further configured to 

monitor a received signal strength of a wireless signal received by the mobile client, 

The mobile client further includes: 
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The migration module (287) is configured to migrate the mobile client from the first access point to the second in 

response to at least one of a change in motion of the mobile client, a change in access point density, and a change 

in received signal strength Access Point. 

19. 
A system (100) for providing a mobile client (110A-C) with a wireless connection to a wireless network (106), 

the system comprising: 

Multiple access points (104) distributed in the wireless network (106); and 

A mobile client (ll0A-C) configured to periodically trigger an access point scanning process to monitor an 

access point density within an area in which the moblle client is located, the mobile client further configured to 

The frequency of the trigger is adjusted in response to changes in the density of the access points. 

20. 
The system of claim 19, wherein the mobile client (ll0A-C) is configured to monitor at least one motion of the 

mobile client and is configured to adjust the frequency of the trigger in response to a change in motion of the 

mobile client. 

21. 
A system as daimed in claim 19 or 20, wherein each of the plurality of access points (104) is configured to 

measure at least link quality and load characteristics of the wireless network and is configured to indicate the link 

Measurements of quality and load characteristics are sent to the mobile client (llOA-C). 

22. 
A system according to any one of claims 19 to 21, wherein the mobile client (1 lOA-C) is configured to receive 

measurements of the link quality and load characteristics. and when the mobile client detects the wireless network 

(106) When the one or more access points (104) are configured, the mobile client is configured to select one of 

the detected one or more access points based on the measurement of the link quality and load characteristics of 

the wireless network One to maximize the end-to-end performance of the wireless connection. 
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9. -P11tx1Ll~;gt 1 ~ s ~fr -rvrn1kt~f1hfL1t Tct~f-<xJti~EJJt%-t.ft1\,8~r-1xr&17.x! 
r~;g i:a,, l3l; rt1 ~1 . r~;g f::a-'~;1*:illiflji~% 1"ti Al!, rt1 fj<-J ·1-' ]l JL,l3l; bzifl)rjflj ~tJ wt%1" 

~A~~~&-~m~~M~~f-<xJttf-<xJm~~MW~A~~mkt~-~m~~~~~* 
~,ey*~~$~~~~Mkt%-tffiA~~ ~~%-t~~; 

Ni:+*' }J·,', i tF,hJ J1": • ,, Xl:... {A,'= t:'_,,c:t , 
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12. M1lx:fU~:1t 11 Wr ,i&l'rt ~t./~1iL11LliJijjr-JJJt, WrM~ if·,~.tJLf~{IfH-fH:J'l~ : 
m ~f J1i 1J:ti:tr045-f=t !'t#/i(t:1.¥ &--t~lft;iJffit~'~ ;& 
Ff-1 :i:: !l'w' r;ti ::r:'.;pi.i;fJ ~,.: t1 }:1'11 LY-J fif1:~-,t~ !;,,· Ii> cJ:ij1-,~zii1 f1~i;;rr;: t,i, 1 id!~~ /fich '/& i'r'J 7tyi\1 :,~<. "-1(J+i'i' 6)-,t:j .J 1:-lJ/ __ _;_,,,__J ,";Y~/.,-~.1 !,l-l /.1 )(!_- __ y_~~_.....;, lf,K-~7.J r~..J~_,.v.._l-'{,_._99'-,_L_.__~fU!:l:',,'.---'-,.H _y..,-i-~~.JH~a 

13. ~(itx.:ff~* 11 Bx 12 ,~13~1i'.i i;+·tl{JLl=intfl-Jlft, tfrM~H- ~1fn1cfiLH!f~1gJi ; 
'Tj T I' '-1---1--,Jt -•+,rl? p ,.cu +- N-111] ',# '' +-,-• Ur '~---+,J~_,-cJ_ L'J!J-lt' ~ Tl, 
}T J. /iAJJ.X{±:.tJ.7Z:JJ & 1-- Yrtri rT1 P'.. ,0 .I.:!:, Vr-r*LL\.J.:'::,ZyJ ! i=i 'j 1--l' 11/·~ ; IX. 

14. h.i,-f*V 0f;jl:@:_';'-~ 11 ~ 11 r+, l_,,-:L --JIJ]' r_;rr;;;~ EY;l; f·1°'f ilT i:i]" ;_~ir••;/1- i~ fi)r ,-J-~ ;j-•_t;r J;Jl·1·-\-' F1rJ,;'}~ ti1 t;f:1· • ~ 7 11:---../r~ _,........-j\... ~ ----1........ ~ T _L ,.,r) ),_J__ -1-J v: -;J+- 1 1/w J,-_7;: I /;.) ..... 1 /1: )(J__~- -;;Fl-"1 ~· ,J .._!_,. ~1,- . 

fflT~ffl~~~~~~~~~~~~-~~$~~AA~lli4-; 
f-H __:_i::.,:1J1rl tfi·]l:i'f, fA;,<1ft.'f tY;jZ{';/l,{;]$91,t TT1i',l;fr] fti ~Hti,,f"-_j: rr(-r+~·•A, • T..11 1-t:J J "'---~-==--- ..i- ~1, "J~t:f1-1_.., _______ ;.,< 1-J..._J.t1=r1Y~--3:'"- 1T _'/,!:tA.11--, , _ _.__n~:J~-1 ~ ~1/.:... 

Jti f t!:ti-@ ;i:Jx !xx.! tX. ff J .¥ J:- EFf 3~ fj1J1'i, Jfft c;. ;,!=n 1h !'.M~ tt, 3~ 1'¥f-,1J~U f rJ ilJ · · -t-~ J; -t-Ji )\ ,8 
r}1 !'rb--~ ~J JE l$z~J ~ t 1 il1!cttf ~ flJ)C:~ IX~ ft, }}, frff * JC f.LX;~ ifCt.& fJtJ j,lj itidlt f?i?: Erb ttt4- D 

15. ~ ,ftp F8 t ;tffi t1 ~~DX :t 'i'-- H~ }, f2: ( l 04) j$ Ht ~fiLl J[: re] ~~~ ti ( 1 06 ) Ii~ :jg; zJj cg.: f 1 !ffii 

Cl lOA-C), 1'.Ht : 
+-1-f;l-l:-l:fc'fJ.f, t 2 ,1 "1 \ 1'-R,\fli::l ~ ;=t; ::E] :i'ii::l •ii+~-;K' ~'jrfr 'ff I&,/), ,li +:::r lli 1-,j<fR I :11'W :i/,· }Jj] +h'1) i(,:I :t¼. i':1'<jJi': ) ,'j" :J-=11tl!'J::"':f:II'.:\ Jt /, )x.1=1L • .§. J.'-'/"Ji~,., ::t.J.-l_:.11:l_, .. ,,1:,s '\.,;»:J __ Jf[E;.. ___ Jf_=f:, f.:A >l.JjJJ.TA,/L,:-~,: :J.,t::! f. ,,z/\.;c;, 

~l!t ~& 

1 9. ;f~ ~ ~ 29J:~? ft//& ( 1 10 A--c) ~ f+t ¥U 32 k~ ~ f'.~ ( 10 6 ) fj<J 32 k~ BJfHtn¥.fJE ( lO O ) , Jifr j~ 

~~ftBJJ~; 
1';(D1:Ex~~IX~ffr(106) "t"ffj§s:i~t~J\l,\(104) ;]!z.. 

;f$i;i:J ~? J!Af ( 11 OA--C), flz~ll:adi<:JaJ Jt)] tt:l:-fufM:'fe.. :}t )\ ,s 11 .Jm Ulfil, !.:}, f\f!ltl: t\~P;1r;l£:fti;t ~ 

-~/b-~~~.11,4~~~~~~1~__:_i::.~;y~~~~r'.11'E~.J1~~~$f~~ill]Q~~~mt1~ 0 ·_·l~ . .--,,,- 1!lA ___ :J ,)! __ Ll.1'[{i:-,L.1_EL,...;.A. !~~J ___ L_..J lj~7 ..J,---!/ , -1 K-~-Y....J•--.J_.,,..x...,l-l..,7'f'¾.r1•--L ... _~JtJ..--,/A.•--.JJJ"' 

21. ftl1t\Z.lU~.st<: 19 E[X 20 Wr:1£ fl':.i ~~JE. Jt4i J;,t-Hr A,s ( 104 )4i ffJfJf ,1··fflHfzf1!ilKJJ½~~u 

') 
,J 
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•x~~~~~~ti~~•ffl~•~tt,ft~-~~~rem~~~ti~~•ffl~~~tt~ 
1m1 m.~51:~~f;ttrJ.J~ f=t )#ii c 110A--c)" 

22 .. 1zlft1Z5¥U~~~;J( 19 !ri 21 rt1 1-f· --·Jo1NritEr~JitJf, Jl t$7)7J~t1 WJ ( 110A-C) 1Ezt1i~i:f&1i 
qt11-r J111~J% JfJ:l:ffi::f1J tr11~tJdt H½ ;mu .m:, ft §/': f.ti)1 ~i"'F r1 jmr:ID:1mu 1u ;1[:r& rx)9 tg c 106) tr<1 ~,1~ 9:JG :t 

1:--. +-,-• " r-, . ' (" A ) tr.+ r:;r· '--"- :J'.::ir -· .l--. ''-• t:':::i -"" .• ± ;:.,1 '"" --\-' ' B -L-f1 -r 1/-J'o r-•ij , •)'(. N· );r:;: 'cl'- h-k t;l,\( ;=i=- ,.,, =rrr /'7 .-··J'e •Lt- J·/1· r1 , • .. ! 1*/'- F2, ( l J·± 4'J , )7TY.1; 11?70'J Z'r- ,,-- Y~ui'JX~L'.fl,~.\l.f1x.1Jr"i A_;;x; 1~/\J r,r-1 p:J. 71 :Vi; tJ::t:Jr1J.J.1l.fil·'l'l- J;l !J,x,1'1'' .:t ii'J 
'J.'rl if:~ 

4 
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[0002] 

r1·1 f;:P--9- ' l.)-' il -··;,c; (.' 1'·T};r!,·:tfu '--,#l· 1·0,r ,1,T'",'.--Hl- --<-•-+-'--/,g----,-r~a •vr· f" .---;Ji· E'- -,-u--•ce / .. ' ' --•J_:tfu ;,_ -1 • - _•x, A i =" : ,r \ //:IJ' 1 ) .,1;r;T "'" ; ;f-i' ,fl :,:v: ;a;ITT,'f,;-rrl"'. -'.V.--:.r-,J?• '= w: f-fj ' 1--- ' 1 :A/4: f -1·,r Ml --;,7' I 1 1 I -:-t:7.; f ; 1 , .,J,-.,,. .J__:__::r_::.'j,U~-.J. '\ -~ //'\?:r-.:. -.,1-----! ,--1 -"--'-~,,.-,,..,'\J-'W ..;,,_,t..,_.1,,,..r'-.J .JJ•-.i ' - --'- ! .J""-< -'..J/ --'v-.. '--~--' ___::_r__:,.../-

l~: (AJi),}JZ (iii) tft5ti'tti, (proactively) 

iHiii:fi-ttt~ ktAt!.!tf (fJ" 

cooo4J xtf ~A:1-t w1-F1 ·flHJ xt 1t!iil:i.::'st 1sLQ !Ib1$z~1'~t1 JMJ tr0 :fUJB ~r;;:, :frJL t· 5'tl :fr tr>J1?1tr& 0 

w i --Fi r1jiJ ti t'l"J ffl1 i,tM1t1#/ilir ~J fiLJ B,JJ iH:\5U pr m tY1 r1;g ti O 1iJ1'35E tJUt rt!.ifu.f-fifr1~;0 w i---Fi :'@:f~tL1t 
'} t"-" (-•' ' +I!: 1t•· -,:-- 1'0 P __ , __ . ':,II, ' " 'tl- I I :rm _ _, __ '-~ ,,,_, WJ /2 +·-1 [_u_ __ , __ ~--· 'c1 •_u_ ' ' J."& .,'-t+-.f" f1 1 /1/ -•-•· T h"~ ---'-- 'J ' B~ J-tt 1 )C:J3i~:!14~t-s. 7£;:\-f~ f1c-.~1Xi'Li 0~ ~) ;JJG,'f=l !ibr: r.r-S nt-z:i:1-1~~) Y~ 1tJ )1T ~~-t1J~ H] ~=r- rT~ :tlij.t1/J ci']~ --s~ii--~ 1~ 81

] 13 

[0006] 

f:t{;l{jfJ ·[1 ~~ 0 rrff Jl' ]i~f ~3-5:'filt ~ }tTcr:li; fRJ t~ c:p 11J:iJg::IR}x t'fH#.f~~ tfi7f. 0 [JJ Dt, erJ1J.'.}A- ·1" AP 

:fiLfx_!f::J •¢Jf~ li::!· '.Ilflii 1~J, i7; -tt. rV11'Ei5t: 1·11J~ ~il!H!, :trr:~ AJJ '7 ntr110·t1r HttLz :J1rJ o 

[0007] 

[0008] 
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[0012] 

[0013] 

1l1L 
[0014] 

[0015] 

[0016] 

[0017] 

1'E-1411)U~~0~t'tli7i:i1'.: ' i~h ;1:tHtr1In1fTIJ~ r l.'¥I,1:! R1»i& 1J, ·rm jlif f~Jl!!Ji'jc):_!;;J;J~ st Jj1!j* G 

tt~~.~h~~m~tt~~§M~~~~~~~~~~§M~~~~gM~ 

[0018] 

t1iv1u~ itJ i-=? !'tirn1r tt IY-1 c<::~ix. p,1 ss -~ Jlx $1-+i A ,1,i: 

~~±~~~~¥&ft~m•~*~~tt; 
n1t1@ ~t~ ~ Mt t¥1 ~ ~J> Jfr Jiii!iJi Jut ml• ih txit~t1, JJJQ:11Jlu JrJ r1t· ··· 1'-it£1; '1'-ttA ,8 

~ ftf¾1*:ri +ttuPlrJi$'1"-rt} ... ,r2, ~ (r1· ·1'-, mr 11rt: ~ wr tt'ti~~ru (r0··'1'- !'.CX:~'1~1t} ... ,r2, (r,J #t 
1-$~~tlt~~~~~~~M&~AA~~ ~~~#~K~*~.~~ffl~$~~ 

~~m~~1'-~A~~-1-~~1-~~ 
[0019] 

[0020] 

tF-*1i: rr:1 :~ tt JJ!l: iff P fh iJiA~H1 : 
[ oo 21 J t~~ -rhjl Jr* ff: G<J:Vf Jt J~Li: 1=J 17'1J:.\t't~ tt :i:~ :ff +t )\ /( o 

ro022] 1~'-,1'··ktl'J ;z;,+.,,±.l,1 +:r;+;t1 11!.!S • 
- :'l.Jr<..S;.J~, v.;\/J 1z:~ [_":'.l:Jf---1~ -:-.,:-'-K ., 

[0023] 

[0026] 

[0027] 

[oo:?sJ 

[0029] 

[0030] 

[0031] 

[0032] 

[oo::i~n 
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[0034] 

[0035] 

[0036] 

[0037] 

[0038] 

[0040] 

[0041] 

[0042] 

[0043] 

[0044] 

t¥Jitm~iz,, 

:3/27 ];~ 

[0045] 1'lf ;trJ±it, ?fr~ ;f':t#J t; f1 ltiAf r1j Ll §}15:X:lt'.Hf ±-k:, i~tt±-k: f,~ffi:,A,'J},(,J 1LJ lm=xti fx;JJ it ~(J ¥. 
,1·,bt:: r,11,t F+":-'=L:frJ LL _-±1'./kl;:,t;j. +,· Ll.L[:l tf;? -r hl': r,:;,1 !,',/ IX1 L.', ·I· n:_:-¾ 0 b-1,: r,11,, F'i":.9-::frJ LL ~~•/kl;:,t;j. •!-1- -E~~A f;,r. J 
~>'f£-ttr·1=1/!J!,_fll-_/1·r :v~ ~,,zcr,r _:t:, ;r 1:-_ •ft'-:.'.l!r'i A~tJ<, 1)i1~ c:-u 1:'J ;L '.Y r}l !<'.!~ fJ:-±:tr-/'r)!J!,_fll-_/rr :v~ ;';X;'f,r :t:-l'.~•n: ! tif,; \. 

[0047] 

'1\[-~rl{rl/c; ~l-rW, itl' {J,(11fFA'_j, 1j.11'1<r ;z;.,· 1h-----/1"---ifi ;lm_=l;::'_i:z;h~. f'1 }#; 0 ~ --.f,¾ }, di -rf =J.C:tJ2'!i~ ~)£: >, di 
0 /r ._7-, Al.--, -,I ,,-~.1x. 1-1 J _sz._ 1 ._i ~~ J _.-_-t~_Y 111J :JL_i/L;, y., •---' ,, !'1, /7\_71-;1 J.:,,.., / ,.... , ,\, .... _ /L. -· . .,7ri ---- J.:""' / ,.... , ,\, -

[0048] ;I#· :>P31!Ld:7'J 1} ;,;/J ~ ,P fti/Hi1Jt ~u xt~ ~ MHr;; xtt'@tt. ff]* tJD1~1%H~ ~J J:. miu ff1 
u * f61fill O it* ift 1'1 f [f, : 
[0049] 

[0050] 

[0051] 

[0054] 

·r'Ex~ r~!'.l M} 7} ;(1T If~~ 1-:ti )\. i~: : ll. 
#~~fl~,~~F~~Mtt~~~~A~ 

7 
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[0055] 

[0056] 

[0057] 

[0058] 

ft 
J_..,_,_. '· ,,_ 

; n:_,;.L 11111 ;-, '-;:1 • ./--., l,w /~ ,.;- .., ~ 

[0061] 

[0062] 

[0063] 

[0064] 

[0065] 

4/27 ];~ 

[ 0066 J ~fl 8B f~ tb T i'E ~ p::rJ flj j~zVJ tr :'f;fF !JJ 20% t¥J r~ ~ bU))&; 29;:,~~? iti/i; rr:.1- frfi 'sJ; J}m JJ .rt: 
r.. l'r(1 •11 '~fJnl I,~ +tifkr~ f1 1 l'1(J:f-{dlrU,l':,zt( . _L. w Jr. ---=-L. '_.) - -~ v j',.. *-... -~ w _ _ .,.,,,,.__JI_, ! , • , 

[oo67J [Jfl sc t~ tll T ;JtQ.JJl *,'ti 8~ B<Ji}1~ it~*' i:f~~-"*fil!:ij~ AP jijjiq'sJ 131~fJ-1'1'sH1:iO{U,i1tfJJ1i1[J. 

[0068] 

(Ts) ; 

[0069] jtfj 9B ~f? {l-l TJ:rt!JfliJT('tz: ~9 i'fJfl 'j~xt T*·t1~t-$1Ji E, B"Y-fli] AP'&' fiiYJ 0H&a<J AP t3 
-ft,i; ~VJ iWl ./ff f<'f; ,'$ll, • 1U:! •--l •-"~ L.t:::t.!i-L'. 1-"] s 

[0070] 

[0071] 

[0072] 

[0073] 

[0074] 

[0075] 

[00 76] 

l1·1 12B fit Hi T t"11t fliYJ ltJ £ttF•£.f<t:Jtit-s l:t, Ft=J zt.c~~ 81:J -tf'~J}lli/J se:ttrdft 6"0 111·tm ; 
00 12 c f:5.":: :B T ~ fl.~•~ l1U 1WJ H'f. s<J , ~r,~ f 1'f-i !! :hcJi (tJ ti: f:it ; 
~fl 13 i';i !±\ f -~ f1z fJE fj<J :ft A)~ J! tf. 0,$2 fll&, ;f{] bt ' ti * Yi lifl -;f~ ~t; f]fil /j .rt: ti1tt (:]",_f ;y_=j: UL 

[0077] 

[0078] 

[0079] W1 }_6 lrL, L(J 
t~~_j ' ;.;-4 LU 

~n.rt:mm~~~~~~tt~@filtt~: 
c ooso J oo 17 tt 1 ~ 011 ~-t 1 liAf tl1 -1~ f~ ;:ft ft ~H, Eb rr :~ 5t~ h\. rm 8 '~t ~ flt+~ F~ · l41 ~t 
ri'i'fi +· ~ f.iFr :t•~, 1+1: t'J{J Cf;~ n±· ~- -~ ::r:t i'5Z 7iiE ;' R ,1~1: 1'1~ . p, ,,,.,,,;.J _,_ .r; ,,ct;;_ I;,, 1: - -.:, -- ·--~~ --:J i..L.,-~ ~ .::t:. "r:; , -✓"-

8 
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[0081] 

[0090] 

L,1;
1 +ft ix;J.I i'¾-f:1,<Jl'ir:j)r/'ltJrh· {;:]- .t?J ffi1, tJ.irl;:~ ,fl± E'r/,1~],[1! {;:]- ·rm·,-- .J'#:J.~ LL'-, ,;ri11J7r'[] 1'.r,(1.-/r'- fftr ,.:t;_.A1~:ilc: ), r1.i' i+1 i'v:J. -Ai 0 J:t-1/u,"1/\,}., ::J,,...J-l r. r,,_.r. u ;,""',.:_'::E. _ ~·--~~.A.!-r'-., i-!~ -I.J1/,.:_,_'::E. .A::;..:;;._,:-r:1·.:-.~~ih .,.!-·_ I-I:J ! ,.--,Ai_.:>- .JA- ... ,.,, T .--1 

[ own J :,$: 15Z rJfal frJ ;g_ l't1 ~1Jflli7'T s=t:1% ~~ PH l*I }R: 11jtia::i, Jt ;m fwJ rr:Jt~~ \! tt .JL,1--'fl ~fl 4i Pt,fr'Jf,ft 
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~1-v,,_=] ,v--. ,,r; _r,_::frJb'l).1+- -,+ _,_, +J ---'-,+-,1-- '---J'-oh 'a<:' ,b'_ -:r-REl ''"'--k- 11 ' llR ,4!-,--t-Pl-j,-1 -,h-l",qR w,-++-J,td r-J "'~ -l-, 
-V- I - r:f'.J r-:f) TJ /j'I £ct !To x~ :e- 11\1 }( ))"£7J _:r:1.., 11'.J i~"- 7 ,j 'I' jll>( diU -'-f'-7X. ~;j t:1'.J ·([!, _l:Ei' -'P-8:: !-_:1111'J ,;u, l:Ei ,-, tjr:, EB 
,;r n/I l--, -•1·= i'- ". -+•-r~1 --'-- ITB '-'-rl n , ' -,k- ',, •;R +' I I , ,;r -',T' ;* 'I 1•--,,- l--i• 1-- 1 ~ +.•17---,-- -,',- ~"1 13 1/H 1hl j,;{- '/ --,--t?T l~'J f>i_;f J -~ )J'<.tY'J m E 7!<: 1lC1: tfj~ 0 fj 5'!' ' )p, 1-il r:i,J TJ 'I' rtT i'l'J •'<!'.: tH -ii n '(/U j Tl_)/!' :'ts-!: (~-1 ;:E Pt'<: ,1:i~ i 'i li'J ' IHJ 

&&~~~~U~~~~~%m~~~~~~~ "~~.*~~m~#~~h~~~ 

~"fflP~,*~~m~*~~±~#~~h~-~±~#~~h~~~~*~#½~#h 
OO~~~h~" ~~,~~A~m~~&~M~ ~ffiN*~m" 
[0092J 1:Eft-i-JJ'.s:1~~ Rfl-=p; ½tx)f1J •J~~: :;:R 111 , p/4~~~ L F 1-: Rfl rrftlit1r:11f·+~ tli, 1-f WJ u F ::f:.:FfrtrbK 

md~,7J~~~~~"~,b~/4n~½~~J~~~~"frX":X:.:~41~{1~J_r_r_1_1·R~1~f:~~·14~~~~J~ 
V[l i:-:JI.J, ~W'.'.'.'.=:i~ ..! -~ .:i__.._.,.- :=-.:JI-.' _ ;;~-=i:~ ...-;--X.-D t1~_: J : fL1it ~~ ___t::L_;w - -=~±'.'.7 J .,x.__,,F] :rh:~!-~ PIJ 

}jfJ [.k;] ~- 0 1lt j ~ ' tr tt1'- :,js: i.R, Sjj -=p; " . t--" tn ":it 1'--" (tJ ~ }1_ ~H~ ~JYJ: -~ }J.. a " tr ... rf 1 ( i TI) " 

[0093] f%1 BJ:.,, ~fft TH:! T1E~§;3.tJ't;P ft~iti.ltft8;riJ }CJ-~ [~5(1f:"ct~rf'1Ji'if.:., ~n i"i }f~f:Jto tt::il 
::_,,_.__~- 1/--i'• r,).x1 -t"f,_'6J, )",:!; -fB ..-;; f51,Ft,: w i, -~.~-]- [j(l(l f{,z ,,r/f ,.;r: f,<;,(I £_-Iv,: l,l,r i, ,,,,[1''\X [:i.:ll f'.'i. fftr::.l':-1'#1lili1F,1j iJ I I Gf:_:;f:_:; 0_ ()'? 11 1,'v.1 
,,u.-~. ~--tJ' L~_.J!------!,- ___ ,,,,! !·,--.. ... 1 "-- -- - 'j,,.t::f,_,llL.,,,(J I' ~.fl";, --- - • 'J,,-Cf,.--_,Aj 1--' •--"--!li=-1 /_ ,,,..r! _J_J_,_, 0 .. ..1 .. - - .-•~• 

T~lU1}J~~B~{Efi:rJJct~~ML Jtr:p IEEE 802. 11 iE.tl:l:1:-tfl/'31AfJ::J;J~~ o PJ~~:f:-fu, Jct~~ti 
TIT ~-r J'b;'ij ;',r- :-k ./r'-- 1*A. 1*-1 JJ-1Jf1:1:,-1YJJ~-.fll 1·ft{J,(J -::; :tr flxJ ,0_,, . _j,_f.t:.~--~-_::v 1-y.;: J,,,1ALl.,_S!,,;lJ;r_,A!_ Hl-l -... 1::Jl' . .-[to 

[0094] 

ftim f:t ± :~4; 1fl. z u: 0 

[0097] 9}7~' 

f-1J ~Jtr.:i~11:i.lt%1~3\!11£, *t-UJ[~~J-iYJ AP, Tm{E#fi1firb}1iI iYJ [~J:,,~ fJ, '2ffJr-iJ ~ ~,5f.f[Clli% fr,3\J Dl[, ~J 
~--~:r:·x~-~~u_fr,~.-~~tb~,~j,}~'.)~~~t_iJ~~~j.~~,1~£~.~®~.-~a.~JU:f~~,~~/\t_il,k_~.-~.:~~j-, /.._ __ ~.,u J __ ,__. .,1 I J.-i-.J ,--~~-3=:,., __ J :1:. ~.J l-'-1\.1--1 A.J-!j?_.., ,,,.._--, H ------1 r'''J N..--~ ----• /.,, -1- -r ~ 17 \. /L. ~ :f~;,4, "",\,~ _,fy( .,1 , 1[Y --•"ef 

~?~~re~~~~?~½~ ~ffiA~W~~M~" 
[0098] 

[0100] 

,-'- ,-,p-3cfifJ;r:~---~,/- -'-rr Ji+ _mj ___ t--~ tr--,-- ,-;~""4· ,1->. o·~ 
==1-•r1 1L,-1;i - j'J/',:;1'-t- I - -j--/l''•C=i*-'-"'"11/-l-.t,:,.. , -- .• , - ~--1, ! , '1 , - - • - -• ! 1---=~ ,___,,_j /_,,,.,,__ ,•. 
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~'i'";f$z;Jj~f; it!tij 1 lOA---Co 1:E:1ltt'11'v;JJlli7J .r\'.: q=i, }(J'.j'~ [ij;JM~ 106 j£{!1,:J';Jj:J:E:r:~jU1A]ti 106 l~JftM 
>7 ~ -ffi5 rx1 ift l H tf J jiJ ~ M A 10 2 , rt 4" tf Jj Ht!; lxxJ ME- l 1'1 ii inL!i Jt'!t M , JTIJ J:,!~ rx1 / 1 .i;,,J: M , ~ ri1i lxxJ fS­
~ :tti'· ~;$: ~ 1x:~ ft o 

[0101] D µ(1 ,fr. 'ki';' ~-r' )\ ,5- 104 _)=!, f:;(. ::f,f:l'c$'t ,;Ji, 11 ') F( '~ U(i ~ ~Ji~!,:: ?$-g;TpJ !'l l[iJ _Is+;~-?,(_ j,ft; -17 2[:,. 
Jl~J.'~,--1:J~ .?ti,~¼-· .,\\ .~E.-:.L,,L,-JG,.L __ JJ-n - ,_,_~-_LA_,__I-IJ, V,J·/..J,'>J-fI!l?,--1 ,11Jo -::,..-., _ _i.J~-~ ;_r .. .-;.¾_--V,/'.r, 

~),~~ ['3Ht.l~uJJij¥, ii:tm 900MHz t&:::fi 2. 5GHz, 1'1"t-1 1C., B'~Octl1tit:!" iJtf~itNt 112 TIT ~lZ:'E- --tf~ 

;f:ti;IJ, jj1'.f :Tc ms !t} l;~ l'r~ ~A 1iE" 

[01 o4J ;f1;z:}J~:t1 ItrM 11 OA-c r11 f'rJ ffJ, 1' ~rstft!ttiF&HiJ 1'iJJt'Utlr:f=JWi1:E3difir ~- (lJ ff2111uvr~:lfl1 
~~~~.~~~~~~~~ffi~~~~~ff~~A~o~M~P~~~~~~~~~~ 

1~ A /2, r{l a<J . /r~*;j-~ A Jct~ r~){1 #'J} l 06 0 ':1§ lt ~7] ~ p fffd il't i}J 01, fli~J MH{i ;}[, ~-Vi t,I;J i:;t5f t&: TI :Sf,#£ L15/: 
:,fr:, 1':o't;i;h':%: r',ft~-PJ. L:J U -·A1'-•I¾ ), r;1-~f t{,-;-J';1r fi:! .. /,1'-~'l''" r'-1-_SZ,.. 1L;,r Y.J ,---! I r,1, .-- \//\. ,..., ...... ,, .... ,w,.A.J_rlj'j. -~/-J _,,"3</\,.,,\\ 0 

[0105] 

cRF) ht ::&r, H:>1~~~ i:'i~·, ,t-A'fi"f'..f:ij)J1t~ cPnA ), y M, x\'.: tJ& ,JijU::1'l rtJJili, -r:iro~u1,iut :tn1, '¥-1t& 
,_r,1"·'· llc _,,1:,,.1,, 1... i:,+, --t, -v •F"' 'L'- 1-;r • 1 re "' '11- ¾ Ats.""-
't:i J]i(J , £, 1 r--i f::), _L ----- 1T .QX, 3'7 TT 1JZ ffi (J -~ * PX 1:.-SZ. 1±r , •~-¥- •\-f' " 

[ o 1 06 J .f11~-~1'.[1J:'.~}~11H::~)EJ;tt&::i: 11 OA , 11 OB 5f:iI 11 OC 

[0107] 

tm )_,{} X ')(j() -n]· [;/ ll-':0t 0" 1~1 l 1j:•;:-}_, •;h- r-'-, 1'ikr'1' 
>-,H, VA. -!If,;_. \. H '~'. .. .-"•·! \,i,1.'<. •. l=:::D ! 1i~y~-YJ-13~1 .;.,-,1111 

• ] I fkj Eir~ I'' '''/x ~l:r•-- ,, ,,. '+ '-,----1 -1--•)..jt.B" ,-.,.,).L.'J /-' IBei'1 ~ L0108_ :,!lfo.- I/T71' trHn' i:'.,z T±1 200 c:,iiSt{~}ci.1,t:li; 22 1± i=J .F...?t'l'-Bf1hri:bi'r 230 J..ift Ji::i SJ:Jlt:Jr.~•}G 

(CPU)222o 12:; 200 if1!!Hl{rtUL~ 226, J['-~1<:~'i'-iX:/2JffHt [] 250, ici-fvH&[l 2f:i2,:fl:ij~'G:i 254, 

rt! 1x 256Jmf18il§, 258 Rttu)\ / ~ rt • 2so" 'E;')]{ 226 :i~½t~ 200 q!,, 1c:ltlt'<:~rftf:gf:g 
,';t!J r;T [; I !+I ·1--
1 _.J, ~ ~)~;'-1:j 

[0109] 

fl,t +is i} ') ri() tu tr·. El:i rJl,l_ );!,r El:i rJl,l_ R=! +~Jm ;},} .<z 2()(). ~ill,-";- Jz;1J -Ai # ,z Al i(J.I ±At iin f-1 .g 't,J ( t; -· j~J -uJ-_y,.f-- r...,_\ L_:J.:P-~1-1-r,i.::~~1,.,,1---rtn-.1-JL_i,.,.......,_-ur-_, 1'!~:.-.-., - .-'-.Xi_r ,':J,,.tf,;11J_tt../'J.. __ ,,,_"" .J it 

it\t % fr!i 3el 1fi' tJJs W .. ~ tt )K -~ 1'>1:'. m frff ti~ ;t t¥J • Jt 9=1 t'fJ ifil {¾ tiJ ix .~ tl ;fS:: ~!rs. 1H ~ r~ T , :i: J$: 
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1i#'t~, tSUf1 Ii~ fL~: ~;frt1 
o ~~ f:i.Jt tl 250 1':f s-1· fi*fr; :1/] 4'.l[;x: ~, ~>C& i& ~ EJJ<::~ f:(g fl-Ht IH~· C NI C)" 

[011 0] ~-i~Jij:}i [1 252 ffj'][n,x.f" !:J:::.~IJtlj;,& ~f ff;J,f11l ~j' ti-Pl.A.BfJJ't{ & 0 f§u tm' i'"i 7FIJ1Jl{ [J 252 pJ 

u :t1ll!i'fr ::hLl t~ ;tcj ~ trl ½ ~: J5<\, {~tf:io ~6J ~:;, tj Jt. ftL~.jJ i~ :f~l / !.lX/±.!&X-t ~ 11{1 i;rJ fr: LfJ frJtliim iA O Ji 
7]~fri 254 pr ~,l Jtl&~t:duUf~fri (LCD), '7.1;;,!s:"/:f~-t-f*, Ji:Yt :t:tH'f C LED) l=i](~· ½ ~lff.bt~- ···-~ 
-1$ 1_j_-1 t'J,(11':+,•f1J·tt'i7 ~\k_ *~ lf>! mi-/~.,\[ 0 ~['l :ir, Bt 2fi4 ;',G r1 i r :i -tu. IJ1~·-f+1·• ·~'- i-,t_ U\1'clz[ 1i1 ! ,i'firh 1$~'1'<-r1+':'1"1· ,,, 1'1<j ·~ J~r ...x._f-,jl-l:J ___ ., .,,, ..... u_,.,,._:::t._W ...... -'-L1c:. J'~ .. rr __ L ,-ttLr .J_ --- .J l:/'l .__.11--'l-,___a__., .. _.,;,,,/.,, 1::i':'-.-!ru.J{1 __ L~-t::1 .. ~X.f::f,, .1-l "J•-

'/ k' t'fl" •·t~'f_Lqf.·'1'· t ,, '1 t("' -+•,,-~·,,.--, '". ,. ·~ ,•,.t_k/···,t+,·'-•'/ ··; f'·'Jt 't 1· jtb.3··r:;::f H,l~i-' s, TL 10 1-:•·'" , _ '"j,'f,i lJl,,1, 1,· •l'j'····· f:_1 Ar1··t~J_).,;,l;q1~1c~. lty'o\l , ·c'.a.t1.!_.fT!·,:t· T H-i?,1 'l_:f_1,· 1:.--n:I,,.<, •J ·-t· .--,_,.)'.;)(.. .J..11 --'---~,--~"A-.--' r. _.,1-1:J:- _ _ .-.. _ _._ _ _:L.',,x_ ... ___ ,, V\.JL1~0 .vLJ., . -----i-,1¼:,..J ~ ,t..J: __ ,._, _, 1-, _, J';,t,H_;l .. _ ,.J 

1itltlli!l:BJH ffJ .$AA!1;;,!s:5'ZJtj, Af:f!lr1f~nn\t:U1h1i:IP-ri xtts lXD ivt LED ,fff.iitrJt~·~1;s:Jl<lJf'.f J;frl i* 
Jlt Q 7ttj_g~~~ f!flfi, 1:[%1nl/It' ?"i·Mlfi ~-~ 0 zr:rlt. ·'i'WU LjJ' 19:-~ 200 if r1J t.t21.lr5' fitffi:A!i.lUt 
,lh<fr] B .... l"j "'/ Tr_...,_, ·V ·ht"1·-¼·~ .• h ., 11 jjk- '"' ,., .• f+i , .... ,.II "k "" ., .• r+i ,.,., 1,-·· r .... J. I q --,7 f+i f-T-: 1·~-tt- 'J' 7· ... , Ac 
'1XJr1 'JY.. 71' ~ tt;:,, ✓x... =?-·, ':t, 1* .,,,, ,i· i:f'J 1XG _:;,L 1r't J'i\,lnJ , ii< ;:JG '.!lt1r,~ Jw n:J ~v" 0~F _i::r1 "'✓'·· :>K::-r.n:r PJ c1p;: · J t~1:: 

-·+ ""=p'· -'-J.L ',.,--- ... _, r•'· /·'-• ,_J j+J•'"' "" 262 ···r rq f"l /·'-• ,_J t:.[•-fµ. "'¥f,•·',.:¥fr+!i.' (I.I' =•-'-•.l¥l,•·•-,~+e ·'···1•-iz-+-• 7.;0.'.fr. Y:mtfJJ~E)J1fJ1m ":; 0 .• ,Z,~&i\,'r '. p V.,J,'JL!R ':; ..;--<'tXM'iXTxzw1, ;,-,Ui=i i.~~~!;,.}-=,,;.i(.1/r~-1-f 11.'s--'d: 

rr-fit-hi 0{1 :f~ -1JiHJ 11t ~rrs 1-t 2 -1-1 1+J 1vz 1f1tHJt §fr fti T * Ni A( iz f~9 i'f'.J cP u 2 2 2 o Her~ :l?! 2 6 2 PJ ~J.:W: 
Efi(l.Cf ,;g; % J.t R-g JJP :i2I i+ mi f:Uf!i ·;Jrt ~)~)\ ;{E f,; i;/J ~ t-1 }ITT 

[0115J f-1: ~ 200 J2tEt'tf&:ijti'&h},UA 1-~ !~ii 262 't /JYJYJ~fh±f 4' Jq1~tl ttz::t & P 1¥iHrtf lf z;iJ ff,J 
ftictrf1V£HJtii 2-1€:i o Wu trr, ftiiJt'!: µ£1i1~,~i 2c1G -fiJ ~J 1e~1J~J 5} r& ~Hi51f' /~~, lfPJW:¥11~~ ~ 1i'f Er0 
~~~k~£f*~~~~~~ttff~~W:4~trfilffi~o 
[0116] 

[0117] 
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[0118] 

1i4ftf: # frli" ~ st r;z }lJ ~f; j} 2 4 2 c-j:-1 i'(frf· icjf[J-1 Ji;~ 1~ j'jTbl'(] "[' .rx:C~ )[\,, ~l<~~ tfL t¥.Fl* ~ IIJUY'-1 0 i~ tr;: 
-vf-$.,ti1J'ii.fr:-i'!T f;J, EB ~~-~W C, C++, Java 'T#LfJi,fi:it~i# tf *r,ttm o 

[0119] 

8<1 o 1±: i~ 1i11 ~i JJBI h :it , t2 riJ ~Ut4 T lt zrtJ ~ ;'='=I !fl/{ 1 rn i'rJ ~ fk- 2 80 ~JMt4 f=t ~ w 2 81 .Tf 1tfdJ~ 
28 n. CPfl ')8'< Ac#. I~lW- 2''" f)()(l ft.'c! t~: I 7 2· 8'9 27- rU-;J- f)n ·'¢' +."'.z-l1-~H'. II', :.l;iil EE' ?8Li -:Lj ;ti± J:_'F'f-ih. CJOC- * fl'{li"f ,L l - u .;..i( u, ,.z·,L:/•·f=n:t oo, 1, :i~-i::ft>( --~ . _XPI-J1J!--1i:1'J 1r.:P 3/" J_j:_xm. :..A,i=i1:t .;..i( 1,'.J---r1~1:;1::KJ}\ L..io:J,,,,,, ... 't,;-.Ek 

JJ~ 2s6 ;¥0J1:lt*~Uk: 2s7o t~tii~>¥~~filli/i:ct. ~tll;:i'JVJ::N:_t:Ht ~!'.lx~1-~1trf!@.:1'J::tff;{t. 
~ ~~~riJ~M~m~~~*~m~riT~™~~ill4° 
[0120] 1~ rj~1 tt 1xxJ f%t'f ,i#, l 04 

[0121] lf·l 3 ~Hi TIT~JJH ~'E 1 JciiJ<xJt& 106 ct1 i't-J:r:&J'-,8 300 i't-J 
"()(' ---J• 1, I p-1 '·;!;· ' l ~i-" ---• t{' -'•~1,+- +J· .-',;, .c.P.- ;~·1· I l',/ · -'•~1,+- 1• Fl ry• - ---• f' I f'J'. -'-~ 1"+· n 1 ·1 /' Ti· m-· ·1· ,->-- "'"· ;4-- ,c,. ,j 1P •1··•.-i-··r;·.1-;1:r7J\r·•1·/c;)-•'~ -;z7n,;,,/.) 0,,0·/c;)-•o 1-0,F ;'11"7'C.:1·1·, ··•~;·'-1-•'1'./ .,\.-1-• ,---•_,1_.,c~.;:_;..f·t .,. , ___ L .• • , _ •- _ 1---~ __.....__F _ _,,, ,,.--,,-;.i --- _/ , ~I 1---~ ---~ r•.:. __ , .J ----'-J .J •-i , ,"-J.._ __,,., ?-\ / .J _7......_ J,J_,.,,,,.; , _,.,,;... 

,.8 ·'f '~ ,,~ ·~ •-'-, '·k '·rt: 11 l ~1,J r ,1 - 'I - • ·_,b- fflr: ·;-·', -c 
/ !-• V. Li / · J _,.,• -.. N ;.;;;J -..,1 ,,J- 0 

[0122] 

}.J T 1=j'21-f~ TCP/ IP' Wi -Fi ,,&;cf~i"E r-½ 81.J i'if~il1lfitiJiSz. -~fitrftiITTJ-1tJit rf._J O Jc~ fl5cj tt~ Q 

Jj'Ljc 3l0A,310B ;t!J 310C ~-ru11~;f/J'.1~J2~®.:ttr,~,1HiJ5;tiN:41'i·YJziJ1f'l~;<JMH~ []~ (NIC)o 32J~1i'L 

jj:; 3lOA,310B J:'11 310C 

~~- ::iGHzo 

co124J 3:Jc:tHt 111¥1c :110 t0 ~~1"'r:t1\ ,s 104 :lirrHr111-, t:fe; '311.~t~~trnM, ffl ftcJ&itr5 
""-' ' '"', '--,-·f'c'' ,--,f/17., 106 • I _,_.-rtn ,1, --,-·L•" le"',--,,'-'~ ')10 •--•:f/,7·--+,7:-• j='::!·'"' 110 ',1':1~11+ c-'7-,-,• ifJ:r [B :lfil:l'IJC.-;:.]<'. l~.lj ~1-1 'o J'J )J JH!, 0-] J'C.,;:1<'.·t0; U -"!3• JG .J '0-,J 1[31 0,) t'r / __ , !f)nj .l.,'ti,. R el'j , 't:, TL! 

t~.-\A\' L]}, U:-tf:*fJ<'Jt.%i4J~-t1 lifuttAxt! Mf?i 1060 ~s]Jlt,, :lii,jJ:xt!1i I] ~-)G 310A, ;310B f[1 

l+j "p / [)\T[' ·----:;t•rr tj•- ,r "'1' ·-;--- "-" A..--t'·~',. -+ff- ,.,,.+ft- r·'1 ]'Cf "fJ .. , .. ~• --•~tr +1-·,i-, L--t-_~:·, J 'r=tr - £~ v '·~ ;~ ,_-.;""'.>;;:- -1=----1 1/i.b·__, ___ .,. "flt'-!"~...,,. ~ili/':['-·-1--fr~ ~-r1v - H. t-,,-
/ IIIL, , · / ~-;' ·· =f-.,,,-, u)L -i h=1 1..J -,:n:t,.,...rn:t.I- ;.,,:J.. rtr, 1µ.,_,. 1 1.1, 1•;,,!,___rr:rr.il :·:r .'.:li=r-;:,'\L =l ·;.---.. LJ l•tf·r'•.,.,, ')L/,7 ---:;t•rr "'- • .-1 +· · <.;/'; 1,u ,,<,,.. r:t_ , ,1 - _, '" "r:, ;:_..,..., r=t1 ' ~-~ ' - -

l n 
_,) 
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[0128] 

[0129] 

10/27 ];~ 

H!, 17:tHI mI. L~ 1!!i 01 t~i i~: _g;l(: tr tE;llt:@f,)Jt~= ::tt r-tt S:x1 f 4-A if]J;L~~ st;~ P 1*l¼t nt tr~F ~ 1E~~f" -');; 
T J,iz f9Uc: tH~ A ~IL 1~ , ;{$ i}J 45-P ftrlii 110 A, l HHLf lJ ll o c ( i;FE f!l~ 11 " lt t;iJ ~ f1 !'t#/i 110 f&]:jt~ tt 
i!tJ f.\ql '# J% \ r1Cj l =j f$ ; ,j<fJ-,-l _ ro.;_.,jij...,..,,.,t,><,, J:_...._ / '.,.,,\,:I---. '1!----4 /-...;_J[::c v 

[ 01 30] ff Ur:' +t A };~1J j m ;,~~ trJt i}] :g.: f 1 iITTi 110 111 )(~:If'.! §E !L 00 6 :;ij~ tb T GOOGLE G 1 le\:!, LE 
rf 1 Wi -Fi 131/fiJ::UJlB~JJ:)J;le" ~I 6 Jiff~ HiB<Jf1z::iif'b~tUJ+1 Agilent 34410A 3£1"f7J Jtj :& ~J ~ 
ti: 20 /1"' tl° * fr ?t ~t 1 l 1 ~v!~ JI; Hi * LtJ o fr •,:t ~ tH¥ 1 l 1 , ,rr 1if ~ '[~; (r:1 J1\z m t111rf ~ mi i trH~ f¥ T , 
RS] ~t iE~t\F, c:p Li~ T AP ti Wi ~:!::fill ff] tit~~ Wj t.f" :!zn c:p Jfr ij~ ili (:]{J ' AP ti t#i ·Jct ~Eli t'F1 0 t'tJ • )( 
rrti_f:?jdJtlti l. lJ C , OOmW X 1. :3 1'.l:), 3i:; J~~Ji:ftl;;; L f!if~:.j:3}j} ISM {tf llii'r:J jf'.iifit*•* fi. 
)iJ,Jif(ffA1,H11f1 AP tt1Y;cJ>t-'ffY,l>i" EB+~~fttf, iElJH:titrntlf'iUtt)t;JAA'i':tm~'lJ.l'rt, ~ ~Ittfm 
K~~"mA~~~~~~~~~~Ts~~~~~~$@~~" 
[0131 J t~UJ2J ;4tbt BfHtJ ,rrti':t;JMD'1 J't, :Y;; T ~)dtfl·Ht rn1j, ~$1LUJ~l0, 1J,tt1tt¥;{:ttj~ A 
tJ' A(RIJ [(~ 'n'-f: ffi'ft'·- lf'Jf ··-,7=r ··· • _,. • 'j Jc' I'> t " · FCF "+-'.\ · ' ' •JJ '/ , .. · 1: L 2 "' , p,j':it,t :1h~ti 'l's 1,1/:_), 1~ 1/t J * f c·.f't' '8''d1

1~, ii'f 3,:~h~ J\ };~: l:r'.i \f:; &PX: T:P ~ ~; F; Y-r,c,j ~,J JE~, 

rn ,1 t,. -,i f-··1 -+-- --•+. ,,-,-,-k- '·"'· ·" • · :r" __,_.+, - ·, 8 .,_,,, c/-, •-"-• J.+e • 1 r •t1 -,,, ___,_ • ± --,' -.c 1.~ i , 1 , ' · +fr--•· ~ •'-
L01.w:u;f'J t1J .:tz;,J35K B.:iR IB't:rtr J ;'li:,111::ZJt( •.<:e: flt: cffi. fil~sf:: !j0" '1'1;,J'(:l-Jli:. g fx)1~' ;f.;"ft 100 T tr J 'r:?,:Yl 0- p 
ftrf& 11 OA-C Z~Jti:1F:¥UJ=M hA AP 104 qt(*ji~ !'rbl1:Ji_J}:3tUKf1¼~1X~f'i'PVtuL ifrf 7f +.z9Jt~{jJ~ 0 

[ 01 33] 1:U$ H;; J::. i't''.1 wt Nt, ~ z;;/] :E tJL Z; f:;':f]j ti! ~-Mt tit, f;~ z:}J , :ft !t ~M f 5\:: tt~ J§ ~ ifJt, Wri 8. 

B,_ .,.,,,, --•.1.. • ·-• tn ' ,, p '* _.,_. 'u:1.. -i-• rt' n ·,J;!-;;;,r,11.T-,-;l ' 0 l~Ji'-!1-1+~v•,,,--~ ,--> ,_:.., Y J __ T_~ I.I/ ·- ,_ •--'--• 1....-..... :J ~ / 

s<-J" RSS i1t ff"i~nrnJ)l_v. T AP Ef'11t' JJ[:~t_f.ffi t'rJ o l-t TM9IhttWU¥<. fl1ill9Iht<Jw.i,l> I EB T'tt~';i I it~ Ef'1 
, ± , •·r '1' \' " ~ll -,,-, · ,1 ,., 

RSS '!l:i.7-9]}-} P.uhX: ITT ts 1:Xi£~lix:" 

[0135] tEJfN \if; ~fl7il! ~ fr'.j Jett AP ;fiJ '¥ li] RSS s<-Jf;:,Oix, V'1, ;f~i;i:J';~ ft fiHJ 110 m1c±!E.tii~v1u 
ffi~~/~~~Bt~~~Am~~A~ffH3,*W~~fu#~~~~a~*~~M~tt 
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[0136] 

[0137] 

,tjy>f+I /~t.' 1;---1.'/ ltL-'· --h-- 1' ~-----• •,;-,-'-,'~· '·--+··1·'-·ffi-,-=·f --cc-l'.J ,u r-l• -- ----1···3 -·1-1 s··- 'f:' '* __ .,-,·-,;r r·-----­,,'i+ !els· / 8 H,I ~ iVii' 1+ :rr 1-1~f7]\ ls,,: _,'I./¼ 1 h -c, -fP' , V/'I - [" ~ f·-i·11 H'J · § 1 - '')( t ill ;;j:_ - ;JC :im ,_, -•,·ic':i"l.s , t<'' ✓·•--'-•'-••-•--<--- . .-•-• ,,,,.,,_o,_.~J--.l,J _ (-,_1_"7-.,')_;,,, ... / .. 1_)1.__, .• ,., 1--'J Ah . .L.L.\. C.-'- , _4 _ _._/ '-...A.! ___ ._,_. _..._.,11....J 

l}r_l] -l'tr f1'rJ-ltl •',:t i~7 iJtr -~ i-:t- {ct; H1 -- 7 S--lB1r1 {i *' R~S i&'1 iJtr /_r: i:iFrJ'1~;"",:. li.i:1 ,[1-f: -_~t:~:+}1·;'1 yf ~ ]~:.:::•::: IJ!'l"1-t,tf ',;f-'7,1' !Jj.,,L ---1'1..i_.1,;;,fa...1lti/...J•y:,,Li5CJ,j ,...__l. - 11 /!) \.__. ,:::Y,,Jltio -'l-J__.1/ ,_,.__..,1'\1,,.~:___.__._,,,.~N"'-' ..,,>v It .__Ju ,,X.J1J:::Lt,/\..,1 

( -75dBm) BS';ti'f1i\!f(~JEtt fJIJ ~s<JW~m.nx*if!J r1 1 if::, ITT] }VfT Pj J~jlg2, RSS ir,JeJ{!trJJ~*JE 100 8S0 
W1J ti-&;: hm H Jt l'lJ ~J J=§ tB F 1}~ 1,l> L'fJ if tt c>c J& m:f m r& LtJ @~ t~ .1J\ ~g fix )T( '* :r:m T ts xJ i~r LiJ 

[0138] 

FtF'·•-J_J-''l'c; ''•,f,+-,l;~c;:x-y- ,, ·f .\ '/-L<,-y f'f'tA'•'~--1--•w-• f-•>c,-/,,6-.. ,tJ: J.z,· ?'.:'I I ~1"·1 ."? J✓-,', - :,p -· Rh z;, / ,;-1 ,_ -1 ,:Ll, Lh I Mi',;,'.; l' - ·, ,,, 11/!I --p r ·1 Jirif: •c.1r• 
1 _...._ --- Y., i • L.>\ O - , ,,... , _.,. ..., / '..) 1-1..J , ,..,. .,,J __ - --~- l;'< f"j J --.- .,, ._j 

~:t 'Rt~ rtt s~1 ·11E le~~ ~;i ~ ~ ~& * :iz~Ji'!10 lt ijJ -~,;? l'#t 200 ~{tt ~Fr H !~1t11J t::.t lffi , "j11 ft ~1 ~ P ~rM 
~200 JA 1-r.1jjr AP l*Jr JHH, itttttfffflJJ: AP :!'=i 1itt-vFr, N1. 1m l)J frf1rhr'l l'Jtll:JJx;,zis:~1:1-tJ{~ t"ii-*JT~ fJ0 

[;,',: A cl-1· ~---r,r"".'r :;:;11I r,-1 - __ ./,,, lj;: _.A c,_l_-1· *-· -w.',· + '-t ::;;,,:1,-,_~· l~ 1'\i'l,.A ~.T-.--x,_.,· ci'.,%.~,1,1 ''?_-., p /1.,'r'J '.i()O R_Jf.A,r"i ,1-_t•J r~x·~ zx.,1-,-k' 13( / ',,. ,'~\, A.L lj'::.:,r .J.:~ JJ 1:.>,, ',,. n\\' , .J-tX,, / -..,'I- \~• ui.:J...i 1_,,,... /1) ~ ✓-~ 0 o"::.l; '3 ' 'fy !~.j -t=r I .:J.-, ~ ._, L-yu ,;t/ . ~J .,.,,._, . '\ 

12_'t tf R1 ?l v:ifl -t't o m -:_-:_, ~ J- 5f$ zW tt A1 tJ ;c J1\'f il ~ M il)J f,J; z;JJ ~~ f1 ft/i'& 11 o ~:1st ~rllm :rol½:: :ii ftilJ$ 
s-:i- r,u" 
[0142] ;f"" --•-f· ,-'-• '-• "'-' - . • 1'" '-J• 'J -F•1r±,·r-•1s 'J' -7 '-'I:'.. ,_-_-, __ , __ ._,,✓ .,_,-,· ,:-':7- r--, \(,-, 2LV) ,f~ ,, , . -+{[- -,-c:1:r. J ".•·---EB·1'='1•,,r 

?' :.>' '-Y .J :f=i / .:,, plj _ _, . '-· A.!.,!;:,;... __ , I:" 'J f- ~ ,"-t_.. I/" t;: Li._ _ _J__:, ~~ //'-.. 1-IP '}xfJ!lo 

[0143] 
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/" jl,rr 1,":- f-/1_]_ E1 ,tr:JtJ·t. 4'1]:W~ ·1:ci·++;", ,.t; f1fr tf;j·Nt+t1 !:frJJcc Hh:t(~ ~- -!cB· /;1 1-1~1+-f'/' jJT% 
.... I'-' «.-0., ' '! _.___-L •-•-• /' ..,. __ ,::t- / u 'F 1:R '" '" r--1 ✓ I-I i'./'\ .... __ .. 1 l_ .. / ro.;_~ ,_.,.__, -.J y.::_;-,.J .-• __,, 1~ '\. I/-~.,_.::._ 0 

[0146] Z9J1':dt'J AP ~ivW :ft:z9J~f1 frm 200 {E:-~r~fJ ~-J\tH0.5fJJUt:Atlit8~7t~:f4JC~JtL Jt§J0J 

*~a~~~~*~-~~~~~m~~1x~*~~~~~*-
[0147J 

[0148] 

ftl:JL:;":;[(~'/x:f%o ~ 8A :;,f;/b T 31~ ~ftzvJ~I';;: p llrr~8<1f-tJ p ;f}mlR.filtj}lfid:i 1'L,4J;'.EtlffrQ ll"Jf'l'rfl 
!Hf:i: AP J'Hm;J:;'.):~IJ!u iU stWi AP R{J'fL;t;tJfiz O ~rT KfJ }lfjij~? j:r~ Jmt§;z;.t;·["Hf~f&NrJ-iIYUJt}L:.~&JtA 

,,,,-, fiffi , __ . ~,' - . • ,. ' f" 4-1 
~-Jh/J A. , 

t'.iz;J1;~t1 .Wct 200 g .rnJ{i±t~ft{iYUtifi;z:JJTffJcf11:;,_~Jl!~iWJt(;Jti;~" f111Jtm, =i~'#J-~ t 11;t; 110 ErJt&~ 
1~~~ 262 !'.\\!:~- 288 r;i[.}mu:rUJtm ;' 1 i9.::-f':r~:q1~t, AP :~}DJUfjttiuFlw~t-fufl!j1Jt!'.\\i:~- ,t,:ffRJJ:1?; f 1 

' 1 ,, ·~y :fnGooW[' ,, GI +'+J-L''rr-,__,_..~·/.z;: '---r•,f--<--'--'13'/+P"I'.'.. •·-'-,t±:i::·-'---'r ~r)s ,, wt' App C If) 11 r10nc ;.i,J bLt: II'.! . 1··11: IH~)~1J ~?C_;t½-1 fl ~.A=:i:f~f~f(j~ni>Jt,-.o '=.I §~;f't:;1'i¥J ij',) br" 1-~,tf;'., 

;-i ;t§ tt , W: rt ll fiJ JJn Jl it X1 r JE ~Jfi ti fife frff -~ nfi :Cll~ EfJ ~!?: ffl: J> t€l % o JJ:t: 91, , tr lt{-1. Wrt t 1 lTTii 11 o (tJ 

;ltq1;tl:JJ r1lJ, ft~~ 262 0x~~ 288 f ·ITW•~5l~trf51* ,~,, 11§·iz(J n~ J:::t~ ~,1c1c-iz.i·~3:1--,rir -s-, mll:t~1:n 

+~ 65 i(!=}t 34---35 JJ:tJ-. G. Goertzel h'r~tf'J ,ff;)T1[:3/;J "An algorithm for theevaluat ion 

of fini tc trigonometric .series" B<J 04~~~lLlJ:1¥J}(r:f:,HJJ;2t:S<J Gocrtzcl }SrtdfJHtt(fJ, -j,~~-tmt\ 

J:::0~ ~rg it R{Jt~ )\ I2'. E rt ( 402 f p 404) 0 ::Cf: 'Bt/f ,W~~Ll I'll} JS~ ~f~' ;fJ;i}] ~g: !'1 )rr\[WIHH:~ jJJ~nu ~~-.tt3t: 
i;;i ( 406) 0 iJU§' ~ Tlt~ti't;P fffd ~~J.ibi;/J;frl AP w; )~~Z),l];~tfuifi]:511;':)}i))* (!®iYW !"BJ!'..~), 1)/\ mH~i:::1-t 
·cfcl-·ht,Ji f ~fd', :..;,: ), J.-rLA ( 1 ')R' :f.%/["-;'f'; ,'1~.;Jj§ ,,1,: f,\i LTd ltz;.h * }-'_, :'i.=1'.':11'ff ~ -R- -;f~~f {r·fffr '1f) ~6T R=l. ll f:ft, ! -!_/L_..-JGj3e_ "'-·Ii' ?_,.,; ·. ~tl. _, }a l---2-f- :.A..K.:..-1-... __ , ,_J_.,.,[.i,..J~~- .J, , ..... _ . .,, 1--,. .L r/l1N--,N ___ r-~ r1 1T. -.J r ... 1'71 

( 410)" f,z(] * YY:lf AP -PJJtL ;jg; i)J :& ? 21mrffijiJ1HifF 1'-fl!~l/lz. {J~}:f~ 0 & ' izrJ *~:J> 1tr AP 
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APo 

[0153] 

fJzVJ~:t1fi/Af 110 iMi:tl~w 4B ;¥r14c Lf 1Nr5i~fJSJf~f,=iJ AP Jf~iliHJtH'L 
[0154] l~fffl.4:rtFr1<J:fl.A,8!~~~.m~ 
[0155] '3))\.Jcfi fxYJt* 106 ~tFWL 13ttH~J;k: 247 ii.X: 285 Jf'\J :l!:JH'Hfufll1I~f§zVJ~: J=1 110 1A 
tl AP tffli:U~, )ft1xIYHl (PJ}:${)\~J1;1 o AP tltffl)j}'f.~lU±'thff}tj % r'J Ja& fx:1tistrJt d·ttx!k1 
~ o fit f tt t:11~ ffJ 1ft frl] ~ r:J 4" ~ {~ ffJ t1 :Jj f 0 * , f:$ i;J ~ J=1 !!/Fu i i O fiT ~), 1r:1:i it .Jm tfl/ AP 'rfi Ji][ :Jr: Ji 
'.j!f ilVi 1-t=l .lfr, j'§j 1),\!j. Ts (~ *r·.ffi,' 111 '#;r,r)i;cl1,;s'). ~11,·r·rYJ.;is ;j, .(j, i:;)Sllili ·[1J· r+[ ),: f:¾';f;{c:)\. r1'i r+11:1·<1 :?;I; F~. l~1J p·,+,1"\t 1!::,:j:::::; 
A! __ , ~=I•-•-, --t Jµ..; · • ! , -- ,... '.J:j!(._ !-- /!i'.t ))(,,-~• ~ / • /)' • ,X. I·'--" 1--•L V'-• J"i"j •-•~;.,!(i 'j~ i ,,, l r -, J'.,.-.,v_, .-1 '.J '/~_,-/ ,, --1 

trntx~, m.Lit~)~{t\"feto 
! 0156] ·fj: ~14·; (.JEJ_. {fi: i' I f..o J:ir:;'.~,+,{'- L'~dlr r:5· L'~J-f3. =!iJt :j:cf; ii'.: rt;+ x-+T··' TL: f:.!'c 1x:~1 fig ,!Jc- '1'i?r' i:'1{1 ~-T '/,, ,fA'= tfJ, ·11,;I;f ./["' ... 1~:_.t,X,.v! JALI:- ~~----~,7! 11~ Vwl-l'.J l)u,,,,1----1 J ~P-!"),Z ;"I H'J,, ✓ / ·~-;~ ~~1---f-1}\./ul=-i.1 ,.J /'.J ~~t._,, :J 

f!1f l!x: o ~ 5t, AP -5} ::ftJ ii 1)~ l~{ ¥tJ ti i'tf@., .tU@. ¾ 11· f ½J '.l/ rt P , ~p , 1±!:f H 7f's: AP ({'.! /1"'~, 
P-ri iE:WrtJlt!'Vi )v'J: 35t;[Z'f!H'i· 2009 q:: 2 A tl D. Qiu ~1 A.Hi~ fit!, tii ff:11 :'k; "Physical Pseudo 

RandomFunction in Radio Frequency Sources for Sccurity"lr'.!~H'-~:-t!Ji(m}(lf 1B1r1~1:J!8<J, 
'·'··-f,·1·', ·f · .I [,f ·'cFc!' ·, (/2 · ,.;. ,;, ,b'. 
i~.x...f¥JA1t:.1.i:t::.f:t11) Ji/\',f:)il'~;,:~ o 

[0157] ifL:, tiltt 2008 4 4 .R Proc. of IEEE Infocom t.m w. Wang ~¥ABfr!~§l't(J,tff-.~7.J 
"J~int Effects of Radio Channels and Node Mobilityon Link Dynamics in Wireless 
l\• t " H' '· 11 ., .. ·f 11 •. -~·-. , [·,tt\'"1" ,,, ·,: c c:·r··· [ \I a, J'JC .,, U_L \..J --.1· z,, ..J~,7-..._rt \. !frti's;ilfJ' i~):~tE.Jt±ic":tf!Ji.} ! /\ flµ 7']it:!&' Wx L'xt;f1 ftITff tLl AP lf,j 

B<J AP lY.J fg~ fl, itr AP (fJ'i' JiJ JU jj_s: $- 7.J 1 ,Jt P ,ff:: 'i '· i\J AP ~~n~~- ,, 
[0159] ll] SC~ Hi TAP :i~IJi!i ['r;f] I{~ fti ['8] S{j Ji;fJl 5} ff181<1~ ( CDF)" i~ ~j 1~Jl!Uilit~:5f.jj/f- J11i1zPT 
~fil~~rn~~~.~~~~~~w~u~~~"~~~fil~~~~~~~~m~~TM 

'Niu ),'f'.',J~ ji!Jz.'1§ c:p, AP .DT l;,i, ;w;jjJ,Gtf}Rff[] 11·DTf3e:-:fl~fijutt!Ul1J~i'EJfz~:Sfffj" ltZ)irt P :Jjtfi:l:fz:JJi~t;, 
v··,r·+mn ti-ti _L'-,'4- "·'·' •. , ·~,•.», ~~. 
fl ·J / '• 'I; • 1¥.' 1 ·,"· T,"<· fj1, 1Xtlfl ID i l,P f.-1;; J,.,-'L,., , _____ .,;. .,_::.,. ~--/ ~· ___ 1 , -~ - ✓, o -=· 

[0160] 

[0161] 

] 'I 
.I 
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[0163] 

[0164] = 

14/27 ];~ 

( 1 ) 

[0165] 7']Jlt, ~ T,,,Jl) 1zJi8,Ji'i3JEH T, T ft) PJ (ft8,J['irj) f{J'fJ$Jilt~ AP litltL~o ,t~ 

:tnH~u T f~frPJilHt-1 AP rH,:V1:J~u1~P,AP XIf*)s{1,~11tJ1.t_-1::~H1'BJt1: t p;11JPJf-fi AP ru:its{HH 
/1,'L --,f- 1!-'• f-f-• 
l _'I( /_J /x. :t o 

[0166] 

[0167] 

[0168] 

[0169] 

[0170] 

[0171] 

[0172] 

[01 73] 

[0174] 

[0175] 

[0176] 

[0177] 

[0178] 

[0 1 79] 

[0180] 

[0181] 

[0182] 

[:J:j / ,,,, '+- /' 1,- ,., ' ,+: prr -r;r, ·n" nr -c'=i I~, ~,.Ji~~ I ----

[1fjo 

[0183] 

( 2) 

+* 1·p117'.'l, ·r· ,-r, r-"1 1.-f_c t;/;~ ,-/-'-· -7 q, ~c'r f±1 _{[!~ -;~:;- tTcl -J-- ~idici' .i,f -f,,{'-r, l'-t<1 -,',l~.:t-s -!?- -;=:i: [, I 11/J rr::I( ll~J '>_[!l =f/v' -Lih cj;c 'Jl±l >-!J ,)f-r-j s V'J JD'> : ~? -n;Ll :)1.,,(_ l- l_l O «::'.1.--=2.. ~ :r;,,.,. t:.X.~J tJ J5)(. 'J/q ·1 < -tHJ 1----1.J ~'6,1,--r., ~:: ~ J ~ -~' Wt-1 1=-1- 0 ._-_-_- 1::7 )IJ -1::=1 

t 1 ftm) l l O [,;J IE B'S fa] ii/,% Ts t=J 3illi AP HJ, t: ~L~Y1Ll i:Ht -1\.liJL 42 B'S rH faJ 1-}Jic:ft l -Td-Trn, d J , .!'t rt, 
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[0184] 

[0185] 

ffi 

[0186] 

[0187] 

[0188] 

[0189] 

( 4) 

15/27 ];~ 

rt '1-._. 

:tc+=i ;i~ $-/~! # 0 f,111fi 6(-r ,K-1,r;IH.i\'r l LY-J ~It., .m· IfJ,? ~~~ rn F:l=j .lfr, l1<J ~!:'.!::ct:-( ::fiJ ill ;!:,tr ff[ ',,\:;:!/1. L'"-J21'1r _l;[j' :,1~{ F [R 7 lI~'.J---1 .... ~ '-"r 'it ,.,:..i n:;_~-"---Jlf-. --U- --1-l n -L_L_.o It:-, __,.Y._.tn "" _J--1'.H..l..j r~. R ..1-1't:. /I' I -:} -..J _T-., /l:!-1: J;~A:.VJ-:t _,I ...! 

fr:: f.d/; ~J& W, t~ t:b 1; rt; ( 3) r1 1 ~{t:tJ :tm f~fJ !IM Ts* ff'f i1fV\¥ IR] +.t~ 1±\ ~ k 1t G (Ts) ff'f Ts, i! 
;:JJ l2L tri T J:J<, Hi 

[0190] 

[0191] 

[0192] 

[0193] 

[0194] 

[0195] 

[0196] 

[0197] 

[0198] 

1+1,ll, /\=f' /4' v.oti='*ci-­L"J J.LL, L, :r-., ~ ) ~;tl;p )_zt ,T 0 

0 
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[0199] t~UJill~~~M1~,'.)J'(tfi1Lrt, '¾if0:Z;l]~fJ1;/11 1101Jill1tH)::r~,1--1~'i1]{l'IfEUl1 dth NtiJl AP t1 
Wi.titR, ~l:ExJmm1T1l dr.h t&5E x:11Hj f=' 1:1 T ~2Lfl!f$ t ci'E o 111 1 rj~?t'!Jt:l ~~ HJcili.¥~1> ·1'­
r:iJ J:t.l AP ,:Yr mJ ¥i i7J ftJ 1w ,j \ Jf 2 ~ , lli P , 
[0200] 

[0201] 

[0202] 

[0203] 

1 

F:izl;fff11Jttiz't·tr ·1- AP Jl J:l ;-~JJ'.!15:E oj AP Xl:Hc, 1't Wlf:;i:t 11J?fr AP 1~'&Jt·1t;li¾ittij:1 o 

[0205] /'.} T J:fJl.J'N~£Ert 1~£]111.Xtfc/t:tf (:rJ ~Uif~' 5H1r i'Et1i~~ILl AP z ~'u riJ 5E}~J 'Aijin:jf f ).~~] (:rJ 
%~~~~~s·~13=*f~);&~)(~ *t-~J-~~J~~~t~r11 •1JfJ~~ • ~.if~~-L.~+~i.~~.~~~ flL1,,.,(X,,,-_J 1?--"-lJ! r .. J :J1 1lii,_ \_~Y;. _o 1L~---E~ A:, ___ 1-y l=J.JfJLc,,,z.7..,_j_J 'it->. ,tl J. Hll./' '' 1/i_::y )/J_-=T>l/v ,_y-j1J_./j'-,. ! J,.l-1. 

[0206] 

[0207] 

[0208] 

[0209] 

[0210] 

lj½ m1 ;@;' fnLEL:tt ~ dk Tt::1J 7J k (1fLl -izi' 1JiEt&Fti'1 l:) )5fr fj';1!HfJ Nil.rt 0 

[0211 J ~ gc ii\ LU I =i1$z7J~ t 1 l/1fi 110 w~~ti' J~~:¥nt-w Pi C!ittJ-:7f~~1J > g_f1J:t~H1 ·i1Jrn AP rr-JEr0 
fc1jJ's,\,iJ&,, 111xl:1 AP ~!rf~1H,~fIJ.§fi~\7:1 d===500m fftiJ=L dth==80m,, 1~00.&,.ij~, E!:Jf5fg;z;}J~f1 :1rMZ 
'A 'i:;I'±:±1'"5. r ·-,..- .• , rs~1,111··T1+Jc':7'f'+lT'.ffi'L/'Cr:,: ."(1' '3'f'·'/, '¥t1'0ilt ·qi:;::; ·jccf'T'~ .. , ,. ffi'L/'··r-, i.Xi-1,fr llr .u-:/1,z;lJ, 0 JJ::; tJ · n >E )c,J f<Jj )ij!R 1,\[J-} 1 I?:ri:fh t8i {JZ'.4SU~ Drl " .fo ;x,, g;;; . · .1?:; zy-:J B''1)ij!R 1,\[/i\ -x 

[0212] 

[0213] 

[0214] 

';lp+·1:EJ: 
1/\..1--- .Jh! o 

f"j AC mf· '·l'· ··y '" ·j]i•t? -.+ •;t·, c'-j ·"" ·•··· /._~· . . J ..• 'kt·?r r~ ··t' .T .. O·'·P:'• '1'~-l•··•tH· -'.P-, = ·•·1· ,-r cc..;,, ss· ip i±,;·n~ ·2' '± ,• ,~ilf\ -=•=.1.wivlA-r>J,11r· 1?.:•fJ.t-j .. -r_+ct,=. 8 ·• i'r1•: '[''-Jlet_:~ m ·1"'"·FlA"Jf1;f7,,' h •'h1 •:J1 --- ,,'<..!.~ --I ___ . ., ~--1, , - ~ '1-~A...L. _....;--., A,,J-- , ...! -~ ...! -I •---,. .,._ -./!'- ____ ,, ·~"-.!....- ,~Y IL~ lL-.. 
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1rilli¥Jli!fir~1( ),m!kti)~l$.O!~, ~j 4C rt1&'J1r 18 B(J F\,a,)i~}JIL {Ei~'*' ,;(:E;ftff](i,J~.\tfz 'L~ 

,c• crn ['- , --,--• [:::f 1'!'\ J' ~i-• • ( , 8 . _,J,t. 
1x11f:iJ, 0. 1 [!lJ_tC:t.¥1fftE;~. d,1111t) ;t: HJ 71;;:, 

co215J -- n iM1bZ r !~1frlL !-2i:1 %:fj1~r~t1 .1rmgJ::1}t~xJlli~. r 1-ffifi1Jm tr1 AP, );rit ~Nfit)u m AP 

i:j=i ' ,,1 {-'-" s __ , __ (11 • j -+r+- - 'f ,_ ' F \' "J'. ;r,-i'-, _u. -!,c-; IGJ ·, ' -t-- -- ''fJ' 'i'?t H ,] ~ /'['-- ,, ' cc,,: w , -.,/,J:;; .. /',..i-t;X.. r:? I , ' _!IL.J. !-, - .J l .. /;._J{ \. n 

:.:-~11 IzJ 4B rb 15r· r/,'>: ftJ L'l{J 1,#F,.:i+-k:t'i: f· ~~t~~ - l ,-;r .... -"_,. __ \1----1 '-½!/!T~.:C~u 

r,_0216] tR(3 :iF 1-2z"-f.rfa '/CHl'[i----t-"7 ;3' '1-"', r;t:;:-h ~~- 1'; irJ:i.0' -'
1-=i '<'.-'1,f ~---t: +~ 'IS[! :_:i.::~-r, l:{)(1 ft--,: 1 OP1 fr-¢, - _1~p r1-,j. ·;> ,i_)-'J' /:J:k 'l·:..- ..,1J:-'.:l',..,Q/I': _7<,JJW/ _.:-\,., --------1i[__;.,:-y.., •f::::i/ «-11u-----1 t1U-"Il_::,,,.,_.1---4,,JL.:.--;>~ 'J-n .. _ ._ !J'J 1_ 1-1 _ 1,. _ _,. ,, J••" 

+t,. ± ±,11,-W; =1 ++,-'-, ,'' --f•_=J;,L----.--;--1,--, '-,f T L,•,-1:- '} +j-, /2-.. ·,r '1' '± 'Y.:i;TT ,;j. 1-·r _, ,J; :f7.-· L fTJ p'-, -J_-• --•-• r::, i-1---r _;---
m'.IG -L!:!i1~ ;J-)c!s· t'.J 1H .9JGB ~y.:J-fl'] )Ci"~,:?(/','!'.~,:',: , i;.;, hf:1\r-J.;j:;tl:i:'i'r" '(!Ll!,m, 3 11::;,Z9J1-t , ct= FfJ t2S. n fJ 

jt ~H, Jt; r1 1 tf 1:E ii'f $ s<1 +~ ?-... /i: rm Jl ·t fl J s<; 'ri ~e J2 T~ :HJ '>J ff¢J o .~, ,f$ zefJ t; P 1/111 n J ~2~ ff,i: ~tJi ilc15 

[0217J 11:r::iHJ :ctr fr1 AP !~$~Uittm~-ttr ----~ -1---:=t=.~tfi~ 5-J'- rnri, tJWi, 1~~ •#f r1132hJf), Jt f;•tznn- a . 
1;; T 1:E~+i-tt'l'ti~iu:RbZfl'.i firJ t1flrJ.~ $*f tY'.l:J:iAtfl.1t, J3fiifi:Rft {1'J: C-t:tr&1ff~~-i/]j,t~{Jc1D J;:1~ 
-_'J-l +f._tc;-hz f'0J ?;t r']fJ ri~"idJ at· ;z~i-tJ fT, d--J -1;[1 ~"r"1~1 CJ(1 AD O_ili~ !'ff ,tz:c;-h::~~-,r,-m:ii-1t']{J 1Eil firJ -~ R} r'cJ wri If-• :;r:0,:+1 _±~ ~ l[_..,, .1-y., µ , _,.r.-1:w [ ,,.,._ '--Y -'-/>.I..<""-'.::!. .. ~- ,,J J _;;;._/!'H jr=IJ - ,.) n -.1 f !...Ls , _ _,.__JI"-,: .1-y.., JL~" ,J,_ f::lu [ n L.J-,, ,.. ... ~ ' ----1 ttJ / r.,j~ ....LL , •--y.., 

tH, 1t RSS Etl J-'§ ft1tJ!% Jfftji: at ~11 TTiJ J.rft,C ;f~i9J ~; P Y~if fuilli!32i~9lti AP J5;\1V1LJj_:U1iL {B ~, 

:§:fJ;0iJ~ f 1 ftrr& t::'.i~ifJ;z';,tJf ~ThlEU~ df~ !m, 20m) ~H, f>F1X:W~,~¥Ll fr.ft~ ITT RSS @ J-l fJ;UtfH-tW 
El3 17' E't{r AF'. !J;,'l1YJ -/r,ciJ '_0 I\ 1::i JBl7 :ml! ;-s+ n;:i _X....,_) -1 J d > ~2_j I, ftl_u,/)Z_ ·~ •Lryf_h.,1.-\._,±,-r _ _LO 

[0218] 

[0219] 

J~l!" J+:-,,.-~,: 

f;iz1J'f~ft AP *-Y~1~ o 

[022·1] r~5<J;l:ftrl;ffil[r'.J PT Pfi ;m~ lf'J {?lit 
f 0222] 't_J --j-" 1',~i {t, ry/;I Jnl-1 L';(1,;;fr[1!-l\'~-:u: t;-;,_i; Ao fifi(;'!f,l!i r :} ~&>--,~-h L'l{J --Jc; c;--\-' ,f:t1i:r:r f[T.1--.it L'J,(1 ·);F[1I -1\'f ¼f, ]¥ 
,_ /' ~/Ld·:J'.J-t----1.Jt,J~)! !J"nI 1t..::J,\1_J,~1:_...,,,1x-,,.Jl-l /J.>-'-IJ: t.J·,1w)Jl-l:Jl·,~.:.:±..'.. ... -!-_J./)'-D 

- J -H ~ J;,f.:rJi:C • -'-'- ,-:LR':) _c±'. ---• R:::j T" --i:;:• 'V-• 'L' CCj 'h '!-'"-+•- J-- /4 '' 1-• --•+ t- ---i• •,J 'i£i '--J•-'-•', -+ J. k L0223 ;.:~r.t'sr:i:.1:1t-n l )fl-:- !1:J m~1J:1rrr 1VJf'l;!t~:O·Jt'i~P,f;-i, 0 ~j';,-p9,m l=l ~_A;lfilL1J:~t-\,i]Jfil 

_W_ tW}~HlUl1iJJIJ! ( t, t+T) pg E ftt;itr!:tJffj] ( t1), ililEt-f['~s-tnu ( thnsy) -t IJiJ:Ui~ s,tnu ( t idle) :-fd~ 
·, t-,i- ;;r&; • J ~ r+-i "''J 'if" J-'-• n • ,·-. ( · · , -l±· + 1. T s b:/i- CTj.: • J HT r+-i ,v, +1-1--1--Tt'G:rr:r 1 _:: flj ;-rj Ll'· J.t!l. i\:h1'T [SJ '-a1rt1me ;, )'1c,·'r1 = ttx+tbusy+tidle' ':i:e:dJ:.Eif:r 1 _:: r1u+1 li'JW 

~ ~1r [)J 1~, t!- 'jj : 

[0224] 

[0225] 

21 
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~~~m~~*~--~~~mo~~~-lli~~~mfflffim§~~fi~~-fflm~~ffl 
~~~~~~~ili~%~~~om~~~~~m~M*~#~~~*~~~ffimffl~~~ 

[0226] 

[0227] 

7]; 

[0228] 

[0233] 

[0234] 

[0235] 

[0236] 

FB H+,-'-• '±'t ' ,-rj'J" rt: 1 r 1 r . 
I _'./t. .. J '-~ V 

Jcl ,ff~~ff'l ,;s, 7.'f -:::· /I'- rn -~;ii /-.:;; : '-P i r--1 , r-...! ----- "-t--·,.;,..,_,, 

1'r/1 110 Eij #f-1'- -Pj [ti AP z j's] Rt fj~ mJfft l-l'i: ; 
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'· 1 <,-'-· r,ik J"I'· ~· r-'-- ,~, [Tj -.:c "· A ,-r ',i , , 1 I ,i. ~ >p-.L ,_, ~ j, ,, •.. , i ,/'> -1'''-- I".',,. -{<fn t,10( m [q:• cf', iNl !.A,,: ,_, 0 ' 0}'- 1•_L 
b'1'f1!t:Jrt:r r,u:r1c,]t,~,/ I i'~ [ [i td O l~i'' ;,J J J~ 1:>t/i'h':111l:HH !,Jl, :;¾ 7J 11, )J'H IJ'tl LU 1) iJ;rii;' ilXi h-r ln :$.X, 8 

-~-ilr- l.~ft-~i~U1Jt.w:iu7tJ~U1~ o itr,f~,i't,1-:ll~--t;·i;:t1 i;IJ AP WH-t-tY'.11~·mr!ftS: ·J.t~EB~i'­
~f; !'.rim 110 tEfr tb AP i±\j'i, 1~ iE-<'.'.:. ~lJ~J;§ o i:if't' l:nldi!..1~i1J P]l]l1'E h tto: //www. jet f. org/ 

rfc/rfc:3626. txt tJJ~1~ffJil'irr1W.Hi B~J IEEE 802. llk ¥~~B~_x:j~, i~¥*tElt~~'il'ts':llAffc:1:J 
®::~- G lf:11 >7~' X.J'f ~jc[i, !f_t~ff:i lnxtt l#J~j(jx:JJft' {f:! ln'5}*ff0m n(rij tt;,M cr:tU AP :t!tifi:U@. :jJ G 

11:J~i ~lj ft;tJ ~ rl:± lbttJ.[l~ ff(} AP ~1& 11 i:iJf O ([!Ji' N, ~~ ft~ l 06 Rt fj'J ;]t *:.fl'' :B.J(fj i~~J r~x] ti 
106 J:5Jil:l:-m~+ fti !xx.!Mi'IJrLffi, (l:lx::M'1h !x)' ~),*:Em ~ff-tfJ [xx] tt;¥1Jm $ 0 7,J T Tr'r Jl)J~ f=t !'i#/ifr tb lETiM 

tY01k;1:[, r~~ tt 106 Y--1 ~t1 .Wct 11 oB ~fJt~!l,:,~~ Ef'.i /.iii:, i;m· trr ~ t 1 l~1f_JJ1 JtJ:J iib :¥f ~±~it, ·rTrn lelt1t:Ir;1t 
Ii~ ffJJ&ltJt'l~; o *+16:~~, :~ f-1 Yffil i:':it~ 11 OB -i:r-J'pij4tf.-1'" AP *lrA!i~ f~1t, :~1-fi'5Hwi~-fil-L~ 
t-=f=tii1110B tij}]l~t-- AP AlfxBSL~TIJ~J~I:Wi0~Jfr;[JtJH'.Hms1~mHiI O 11U§' '.~f1l~1110B ~IJJHitH1 

1~1Hi'?-??--1'- AP 1-'rtJ~}l10~1i-~J ffl AP J~I&co 
[0244] 

1c1ltt8<1 AP ~1l1k~%\"1i'trt;.PY/Mo :::J~f~±ffi1lf]s~~ft,ZEi~:N1.~iht/f::ct ~~f~ 106 t9:i'rVHJtX 
JrHPl;t1rJ,,; ~ r)(~ ti 106 1~1J-::1:t:'.=~ f1 110n l'iJ 12,,i, 1:.iPBM'" AP f::Iffc, Yx~·,ml;M~f1 Y~1 110B iJ 
:fl~ 't:!_fHfJ AP mrttiliL 
[0245] 

[0246] 

[0250] 

[0251] 

[0252] 

,-':• r'-; •. , ,, /:::::: Ar) __ , 1•~-1 E /- /c1 c '¾ ;·:c El. 
_;;;?,. -- Jrrj;--"' 1u ·7 13, J-,J-: c=; 1 r-l "' ""-

•---' ,' ! ' • ·../ _,.<__ -.J ~ • ) j-7 "'~-- / '.-'=I=~ 

•
~:-}' "~,. 

1
,F_t-•~ -_~:-"--_· +b,_~,---_,;cr_\_. -~-- Jo ~,•,•-~,- ;,_/J· 1<°_,_-,.. j_ -j_ Q])_; _L_-_,--• iNI_,,_._':, ,1--!c-,~ _,'']::l .·-7 ',.••-J] ~, r -r. kd', r,J,I i, i'Jl1 ,4. L>fc -f,-• 0f,h ,-,,-, ·r'•k--f--· .'6 ,,:_ :x,_h, ; ·J'=I" ,,,, ,.,___ " ·' V'•'! 'V. 1 <- , _...,, · 7C:t~ tr1D r{:/J.:J: l"f['., o -U:: ·11·1' ~*, Jjg/J 

2:3 
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[0253] 

iYlhi:H<J O Jt ft illJ E'L ~ t~ ~~ fl l-:J-!t *~* l't~ ~fwg.: p Ymj u l't'.J AP a 0 /0- La, lj !l,_ dJ 'frf.'ivg_: J'l !Jmj 

uEUWAi-~_-1_f_-,,_·.~1w. 11~~~ ~~~~Jffl~ tr1mR ~~~~p~~lt~~~J~i\.-~~J"~~ ·~J . 'i !---l'J 1-1.Jt:_ a _J __ • ___ , __ .JJ).f..1.1-=-l. y,,::::)(...o ;,t<, ~ \_a.u/'-1--''.r l 1:-~- .,.llJ_r, /ul-=-l . .,.1~,,.,_,.., !,1·1'.JJJS:..~., 

l~iJ AP a bJ<J ;¥1] J=§ :,l~ rE'. x t1 ; 
[0254] 

[0255] 1'2-:1-%:Jftl :,*~~xtJ-tl T )1IWi1'J t; p 1~1 ilf:Ff !YJ AP 1r'.Jtti~1-J' 8<11liit O Fil Jlt, Ju* ~:liTIT 
m r m~st~-P 110n, rm·Jt-nJL).;1;! f f~i ~+ AP lGi~~fliJ:-t,1zrsJ Rt Ft?rJ:rH!tt=n±~:" P.n *Rt~ 

~ AP ½ fffi~? 1!/ti.<'.'.. j'rl] tf'jf1iffi;fil'~:, IJ!H~ i[·tffF1'Htlfi'rtfitL1it EiJ F :rttr-'r !±\ 
[0256] 

[0257] 

[0258] 

[0259] 

(fj) 

v,,s,;z._1+1 ·-J?.•1:J'f,t1J0 c,\'"r.;<-1l,;ff:hW rm·-1-B·f,+;;t 1Erj hn ;:;,./.'.., ftFS·:~1]· 1,1 -J:g,;n::_·f-• http./ /,,mq« 1 °tf' l'l"Cf lrt-·,-. / 
.,::r:/1\,.1'-t:j ~ 1r!J!/-t-\,i:-,-,J.-i,.._ ..... i::f1/,_:_-_-t_-_:.HV o L/ _)J..,!,.-1<~ /X,_c'.:-_J-_-_:,· i:'A/'-1~'--•- ,.,,_,.,.;hni~._,_,._,,.,._ •. )_hf--~--J 

~ 3coc .' --·1·••r-P--Jrc{I/ Ff;/"<''A:iel--\1''-l;,-'LJt;lfi>-'-j·+.'•'J/O-~R) ,,-,cr:cvu-1''-""'l.\fu/~TX\~'°' ,1-;cj,' rt c, uzu. L xt P ~.q:Jt1-ff ft:.)J{,:t: 1)CtJ:tJJ:1-.r-1;\1'..IL,11cfr I±! 1/Fi),., . LS _ l:f'.) TV~W1JX:::rz:~ .. ft.i., t'. . Ii'!!: Ej:[l1x.-a· 

lEEE 802. l ls t'f Ytt r1111;t~?l B"Ji~ 1WIJ1 i'fl!JJ¾'.Ji, J~frit}CffH1t~lttt'E1.:-4:_"£if;'7 I /\.11= :'Jv ~~ o -'=
1

'1 [xx] 

t'i§'- 106 tE.l~~JJ~Jt ~,t~Jl~~t1 fttm l l O ~H, ~-l1 }-iiTJ-nJ U;fLlffl 5ctl fljij il't 106 13-it@JttftzHlf/Jtf 
1'1kfr _§_:j['.'.'t:~1{1irJ AP J!;pf;ctf~ 
[0261] 7_'f--_:_- · f;j:i _,, __ /Ir;- L· r,. iJ_1 ::,,::+c1-, !~j(I ±·/'\: lO!J, ;flj Et•J llLSD 1/N 1+1 j,'J, .,., ,+. t•-1 -lrn E"l'X ftF Ijf ¥L :_;f;'"i;A7~t d 

·1. •T, _!,Jjfil/JJ:\i f ,7L.;l<;, .) ✓t-, , 1. v 'l\Jf,tJ,_tJ) 1)(7,_j_'Ju , 1.x..I, .. ,,::,.,,,fr,I-l,-'f"J 

!7.~r ,1' ; __ ,,;- !?, ]_ ·1.0 0 $':i./[\. AP J[( 1·1,;,11,1rx-1,1· l±f ·1 ·· 1t ~;11 f;,.'j{! .='(c:c=';l, ri.'i i'Kl1~dl;/ rJ~ R':-, ~~/r:i f,'~-;.z, ETX N:i- f'i,:-, ~11([ r1t ,It, h[,. 
11:J .,,,.___-µf 1 '.J· • 1::1,...; /I J·-.J ,'.j ,1-n ,,,,...,:J=~. ~,/',._ I_, ,,.,1-,--1 ... tftlj ,_,:J _ _.:.;1-. I \,iJ:,-i'J____t_.. ..,_,_ Lu.,-,:J;,c-~\,..)J/_j'>O JJ- ·/:' 

'f1 T ~ftf8'i~:5:;"-*, f1~e~JU5{(jS ETX" t:i ~fl 1 4" Jlr ;J~, k.tff!lIJ.'1:.Tct~ PxJi'.t 106 ~fJfft1£ 116, ~ 

[0262] -
( 7) 

f0263] Jtrh. N l'.1- P J·'i!ttHr.l'f-J~\;;l;{r ·1--'iJ.N ~c±:;P.j',~7,,p L'KJ1\!'11 F/;r1-l'J.,i,_F.fjtJ¢rJ~ 1t1·/l'JL'KJ;;l;{r - ,.,,,.., T, .... - ---~r,.../ /-~1-l JD·YiA-' II - J ,,, .. -i.L-!Ri-' 1--L- - 1--1 /D I _mr:;/l ,t '..! __ rl--1 P__A 

SJ\..:Wf , /\. ,t,;; 3 /',;',. iflj,1 ~ $':i. ~ ;jl-1<' 1z.', i'KJ +11 ·i'fi· hrj S3. rJJ,1 ~ r,,,~ -;_z., l:;l_ -# +Si ii~l ./i'-:r'_'ifr •V] t/.')k 'll[; /1. J:t :{ci· f,Tf iJ+• 
, -~~ -'/ J ./LJ,--------1/ f::lLL.-,-, L":-;l•,J:'.f-..v..-1--J,__L.!-;-1~-'--±:..o 7•~ 7K:r 7 :J/..J'-.WLi'J____L./",,-Fl 1rl-,, ..J' RX...r=l u:.,,u,J.,-,,1__,.,,,,., i-"1 )C .. .A...! 

1~ :\Ji 5} 1~~ rt-J lMi 1f~ ~;; tfr r t11tt; S".J tl 11: o J½ M lE1 ;g , 1-ZiJ :!¥ fr} ---- ~~ fll1H} S".J f~ -~ 1\'JI; i'E ----- frd8' :i1i 
1- fl[S Ir lr1] wr· tJ fcJt:l::.i'f -Y;l"-r=iT l;J ;j, i\'il ;~,(~lf'l" rfr it[, tto ,($.//', r1'1 1i\$f?¾ i:iTfcJt:I::. JJ. :,l~-fi+!'l-~ FTY {g lEJ -~"lJ ?-\ - ..o/"ofJJ.,.J Jt:,ti ... /\¥/,1,--lj"1/-,!I-~ ... ---- 1-L,1,l..1, ',_y.__ ! , ~,,,A __ .i;.--tf .... f.J..1..,.•,,,.Fl':h .. •--. ✓ _, 1\ , _ _._ _ _._,, 1--~ 

1. n iff1 tl ti --f)., r)J' c, Yiu l t 1· ___ L[r·n Wi Y"~] o,, ,, ~rfo_3L, r,r,"tw·,:r·k ,, " r.V:1:"E-t,':;r·rh'rt¥·1·f r+,-U,':-;-f; ;,t [1'{] +Ju fa.Tl ~fll ~.L[Vl_ _._ \u .... - -, -•~ -~- ,_ t ,JJ_,. , -'---- t: _\_.:._,._, ~Hv L. ,'jt..., l,_ ._.._, ~~ ... ~1l .-:;z- ,,lij....,o:...._, v\.l::fl:·-Hx1.::~"--i...~ 1- ,:,x..._,.._.,h: T/\ 
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[0264] 

~tft 100 1tm \\ ,i#:;fLlffl 2·r.fr 7'1 :fl::tl 11.~ t~ 106 11lfA59 t~1JHv.,Hr:J~,1-Jl'tii~ o x1·+ AP 1-5 rx)(j 'ft 102 

:?.JflJ B'~Jti}k t?ML fii v[·}Hi??JJJt" 
[0266] Jl.ft(m:f t'f, :~ mJl-1!!· n /1'•@Jf~1itJJl'IHJ<J [xxJ:lf, 11 l,\ C.~),lUmo /4> L.11 ; ~t±1 1r1 A\ m #.1it 
ii11'r i 1. *~flj'L1frB-1'1'i1J~Jtltr1t1fl!FJ.:, H!La cw, j .hL~f:1-t'riN~iL ~r!.t, Ti,i#: m (5t~;UJH5fK'.~Sz.7'J : 

[0267] 

[0269] 

[0270] 

[0271] 

/-A ' 'n J:Jtf'J+r_;• '/,«·r,•%1] [Tj -;1;« ,-'-, '\(,7, ',I_T" I 111, ··:1 ·f '-fff,J:r'''fir·· f+ ;.z1"·iE-' -,';. 'j_L. -'--'-'- ' ~ /!1/e> ,,-·~ J' 1· / • ~ 

ro212J ,1,,· ::i:: fir.;: :.t:r rr,:-, J. r= < 1 k) 
L /\'.J .J //1 r---:irJ'J ·--- \-••• '/ 

,--•---,. \'tj "J 
JEX)~: 

(8) 

.\f.J;t.Qffifi:'1[: m -~ t1r1 111 . ~t~:\11;1,. r· 1~<1 :} .. ~,.~1 -:,::lr.{rJi ~+1 [!I] --~1·,'i;1't. T1[Z-(,, -isz·Jttf&'J[: t-• s·;,11:tA-ft-11~±;.1'r.l,1u.,~.:1t 
/i¥(-'·/•¼.l>::.....,J.0 ! A.,r-J_1,,-•.e--!,.,,,-.._ /f'-,.l,lrl-J'J_,~--•-•f---1-,._V J.':/.~v---J~ /,..._ !----'A.! _ _,_, J~-,_.---i,.)~_:!;. ,J.i.;:,_i ___ • --<,, fj:J ,~-~ l,\,,, l-l--1, J/d 

crsi ~~'At* Ai.JN~tR1·rr'115L2- S'~) 0 r:Llztq~-tr'/ ?5r, F' ~ J'J ftifij 110 -~,;Jp i~lf1HiJ.:.vJ::f-[PJ ~ff'{ JJLL 
tfJBFf1'f lfjr,B<J Jt~ 1'-lLlFH .$0 JJ...ff 111t:EJffi3'1Ji:+UJtl $. up ttJJEtEJttftJ'·Jri. rJHtJ4, if.] :'/;Jjz;i4}1'f J].,jJ f 

~t IJ!l 51:!·ftl :?& .if :fjJ Ef'.f IX:~ ft o 

[0274] /1P iitf:1~-5-} 
, ] ·;{· '=" ·7 'l'F '"''· ,,.,,, r':::i -'"" 11(' ~J'.-];n, r,' j. ----- ''- .-~ :)l(f 'l/ .r,__,:;[il '' ~,c,-1 [s, + -c;· J • 'r /'./Fl L0275 . fJ1tlJE J bz .ill, =er} Y[iiJ ./ ~l/[ 1 L 1::;.~ . :./ ! f~ :;Z)l ~h /~1 ;~ Ej:l. • [ finJ rr1 , ~ • f6. [ f-;-r 

5r, ~ f 1 !Im; ·riJ ~21. f!cr /\~ irU AP 5r ~z J"~ 1t tfl 11<: ~ o TIJ:1-~ f 1 J!Af 11 o iri f.t ;1.l ~1-F ~ 1-1} flz , it ~~: t· 
/' IT' ½--= •r.t~ l=3 '/ ~ ',-..-" 2/!L 'l 1i•,; 
7J\..'b'1 ... 'l';'- '111/d .m· tJ,1 .... /! ,?:;,c'.::q:,1 "',/·. ''" . 

.-,},A -~ 7\ --=-• ~~ -.,J ----• __ ,,, 71,A.. / '-- /\,. ,) 

[0276] 

~~-~~*re-~*~o~m~~~~*~fiti~~~-~~*~~~*~o~fim 
t1/,t-Cl .. nf r~s ,, 1' 'f cm: ·1J· r ']• t '1,1~ ctcL,~ ,,,. T7 ,1, .. ,Lf'·'j_L 'I 'l" ''i:.1---"hl·,1/;, ,.-.-. ccC{ ( '·.-.•·,-1.L· f-T-1 'I,/+ IA ir,rdP ~ .iiii d'] 'ti r · ~A, Y& ,r>:'.. i'l · ... th Y-~ $½ X i':37 1.X:. =1 !30 18 :@Jj}, 7\i;i'.E'.Xi lttil'tJ ilJl 1+! ,1/)LP/T It' tn Hl1"..f'.ftiU 

1~ :-±:Zf+1·J·· ~·)" cp 1[+:. Jt+~/\l::i(;+F::ii"·l:i~Rt{~·;rt %:~l..li{J1*lJU:j';I,; i 
0 ,-.::1: 1 .1 1---.. _ 1-1-1,.,, ._ ... ,,,,...,., :V-i-1: . •. ·~ , ·1. ,,,, . .1..:.LJ.:;-, , ~, N ___ Jj·~-'=-EC:. r~ . . ~ .,r11 H Y! 

[02T7] Ran\Jath :M+&/r- i\P, '.'g_'.fijmi j 10 :lf::i#i-1H~i>\ AP :iu[x;<Jt/tl!.~-ftl'r(}@ll1~.J1%1.5':r'ri'f":t 
r?L 1:E:lz;t9"~/ri!I)JS:i'.Jt.1, i'S>i-t'fr!Ut~Tif:~1~·5,t O ),ti:J~lttis{J1~~&l§ft'.f ETX )Jt_;_g{]{1L J..i'fi 

.;,t .;t<f:¥-_ .. _.fi l,r ~ ,/~1'. ~ cf• f;'/>l;Vi F'l'X' 1'."" 1'1P '.k'J' '1 '~1 ·1' 11 f)l3 /:i' '~_,{r+th -i't/ +>::: 11 fr -r~:1· * n-j· ~· ffjl ::f§ f;'/>l. l.f:J tr(: A..~-....Z.~J-~ ,,.._,, ~ .J-i"/4... !1,.,\, ..,.~1-Ji'.l,JlrP :-L ... _, L. 1=i. __ L, -n" "11:1 __ \_ 1 -A /\,j(,,_.,.,.__1....Z.~TJ- ,,,..., n 1=:: ,,crP_~--.. -•. • 1r_.__J.,.,,1:::r L,__J rJ.J 

AP" ttfqijJitft i!f ~f1 jifll 110 Mu~r. ~fffei Et1tiJ,t5C'-¥:341f fi1Jtftt r:!~&9& o {ii~ Y~I, Y.~f J\~Ji%nr1tJ,i3!.. 
i~!J=fl *-'l')t't::: li~J1iifi\%tifl: i:/1t1i:, i;-g~fltE IEEE 802. lls t1Hxrtq1tz:4: 8SifJ1 ~l-t !'fl] li JciL fll11, iff 
A! AP !)f ;jA"f -tUl, ff! ~'.1 •1n E/ I) AP 1-E~~lr [Y.)(i '1+' [1)(1 * fjl-r '~ rr,;-r ~ :fl] ;ro -1·0 ·rn,J·rnJ;·'1~ t•~ +fii,'i~'tti!#'-f'f'-?'z J'J _,,,, v ·31'- :JL_i/TJJ 1/lu. __ ._.17\ ,:z ni-,J-IJ ...,1J\. ~,.,.. ,17 rr,J r=l'J ,,,.:r,'l/i~~ :=. • 1 ____ J ... _ . .__,,...,p<., l .,...i=:f --c:r·. 

[0278] 
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CN 102907141 A 22/27 ];~ 

ft' ~r1 Y1lti 110 -iiJ CH{';-~1- AP 104 t~»~ i"5}t&' ;'fil:ft AP ~rdJ{@Jt~H:lt EBJlff;'fil:1J,Jf[,[f[L[5¥1j 
m $i't''1flfVi" AP o @§ tb, 011 ,r.1rfum 2·r.1rr1/f;;J~JiU4t'fUm 2·r.m fr AP 1n~i't''.I t~i~" :~Jt~ ~, 
J;, T ffi#&:Sf1&n fxxJMf 106, 1,1;HJ:c~·;,~3s.J::t- -t--fi §. B~ ~rm 1Jrtli TlfJf~ M1Y. tc *~f Al2tlin tB'~J 

[0279] 

Rf.JWl*13Li:rti f ;;F WU Rf.J~vl~ S: ~1 l'rt,, f3ru ~n, *tl 100 i:ir !)J 1f.J=1=! ~rl±S:J.d~i il AP rij:~ f 1 JJ,;z. fsJ 
~~*~li.~~~m~~~m~*~*~~~~. 
[0280] RankAF ,fl] Ran kpath 1l,'<t ~::icftt;r1 Y1Jti l'r~:¥f PtiL ::1Ht1Jl:t:t.,~1J:Utl::ft ~]<-Jltrti jl]1JH1f?to :;flj 

ffl hi f}ifj t-5::Hiz, ~g: fl ftmi 11 O i:ir [)J:iz\i:tltE i,f '.'g f 11mf t5 APL I'll] flfi. ~1±-ft ~j· fF!l± ~t lJt.. ;{E@Jlfiltt 
"-'I:. - ,_. -rtn H --'cc· lccf. J + 1:1,\t /·;; N-1 ,\ I) ([-' l=l ' y; ·-:t-*· ,-t, 1'(, A f"~ ,1.J·, -_j-_1-· le· t'VJ-¾·'j '+l -,,-; R -. k ftF -'=Lt:..)._. v-+ ,_,._.IfjT 
l1t:::,).J !HIP, iJ Jcl'Z.1]-.JJ:rd:1:!:]', t\l O L=, le, J..fil.l'__- ';i }-~-'f'- ['- ,)(MA jJ ,';';!, 1-1' 11'1 }Tj ¥' an 1 oad ,x.J-i'I 1' I NJ *J;'iG 

fj;,(1 :[l'lolii=.1 if 1--¥r 1'1<1,'-N ~-/.1,:;i'ri tfj f'-l:< JJt.l'r,:tVi 4t !b'.S4>-:;-·', ft~ 1 Jo .;~t-'Kt~m: + lJtJf+.~fl,it!t/% Ft=) f'1 {;•,; I~ !\~Ir .A.fULlu __ ,_.J, IO __ ,.<-IK.. ____ .),.-,')<./,iTA iliJL_,,.,_,,_.,i,,)L,/'J:J.cElh-'"t'x.,_}_ .• , ,r,,/1:J, ,p 

[0281] 

[0282] 

[0283] 

AP score= (i.J 1 X (RankAP+Rankpath) + G) 2XRanklc,ad ( 9) 

rt , w l +ri w 2 JiJ::r" lfl!c tt ~ 1" r9Ht-J t( t=JL Jr: _§Jl~ Vt1 ri1 o ~ 1 r-1s (t J 1n O ?.it f;i 1" 1~ 5t 

tJH1-J:::fJt&i;rJ~-l11/# 110 tiff AP ~JJt)\3cfifx1Hi 106 fJ0 lfyt sooa 'f.LriUH~,, x,JJ~tB AP t=iMh:t 
~~:rt)}J!~tUt¥J1~J-,1-- AP, ~f=!ft/j\) 110 Lj57.j~:Ji:ir·JlJl!J.1;tct~~t:i 106 r:r0:g .. *g~1£t¥Ji±1R:J:fti:fPih 
~t#t'!: 8½11'L~, C 502 )o ifU&, ~f=l l!M 110 J~T ffi:l£Ji:ltJ~Jitnfft~iltU{l'm1r~W!ufU 8-(J AP 

~iFJ!fr~f~:n-;~1$-·1" AP :71{tiATct~Mt?t 106 (508)" 

[0284] i3fJ :jB kfttb TAP 3.1-rtfnt 500 Ef'.iJ'!i ·;f,}1~;t1JZfTito -tin~ EiB ffiii",, t;/1l/111~t~ 110 

§l·tr~;lffi;c!1fffl AP tl:fnd1tilt1tf,fi1Jffl 8~ AP' fr §)~fft;'-;=.Bfl':11'ifrl1 ~~iiff~_t mfH<J ::. APO rt 
,- '.iiz• d-"1' '10 -•+~EJ 1---,--- ~ ·1-i --¥--TT'''} )-,Z A ''"I' (::J h" ,- =r-rl 1'-1 '-'rJtl:''j"rl •-:a '}\-· n-"'' 'JI )-,7 'lC -----.1,1 Ji=i,-i-r-}Yr[,il }Jd-;;-r-:JGJ:'[ A ;x:1fi,;SJ-r; [ 1Ji!J-'1'.o fl,';J;=i,,i~ff.:1J..0.,:1'.l)~F-fS,t-r-)"Y)!f]1X:;"irl l >-'Ji;), 

f'6'ilfi"' AP 5H&, }j JL~itlLlffl 0 :ct ( 9) 1.1:iii· AP f-@,5} a - fI i: ;'1 :ti/&J~ ilt'["' AP ti·$r.tb T Lillf 

[0286] 

[0287] 

[0288] 

[0289] 

~tJJJL~[[UI 
# 'RJJ :1?; t-1 Yi/1 

l!J 2B r~ d1i T tt,~Y~ f=1 W6 110 s(Jtt\'ttJ rti7f,; ~~J~j O JA:1tJ~J:1'1J f-1J ~J:t~r-lj r1r:1~1r fJt#1 5f 
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CN 102907141 A 2:3/27 ];~ 

ft ( w11 t11, f~ !PK~i11i 1lt·) (t0 #J:11z 1rm tJtY.:: tr O tii 2B tt tB T :r.1t1rt 1:: j;t:g_;r~.rJJ ~t (j~ jJ] -1'- ·t: 1E1frs 
f'to 
[0290J 5tt~J'tttt:tk: 284 :t-tz;tittA-ttR cMM) 284 ~ ;- 1½r®Zil'}9x1JuJ1KH·tt'Jrr21':~,Fr,JWJtL1:-ttulii. t1J,~ 

t$t-1]~,P l'~1j &'0:c~i9}" MM 284 Jt}WJ't'.4:±-mrr g JJ~lJ.! ~t-rUl1e{ffiM '.tlf:l f:t1:\t,J3 -tm' 1 tbrr g '4s A 

[0292] 

x1 T fi(x1MI 111:1~, AM 286 11i:Jtl r1J l::L)J,}CJ;,~-i'i ,#,,I,H~ sfJ f1!iJ t:/Hl(c£ft,t/,,, t:Wf :5t:1E~:/H7r::lf~<x il'i 
5K,~R ,g~~~rt-~ =f RSS fff -~,hA.t3:#n;lit1'f tb lfi -m APO ~~ AP J=§ )A~i1J :ji;'. t· ftm) tu IX~* lfJ 
Q.g ~7.. r:N1 &/;! J-i- ,,_, rt• ,-;,.,. ,-", -'-'-'-' N'> <-:- ,_, f,h •1;- _,,., f--• ,,,J.• ,,_, ,_,,,, "' -1:±· --J' ---, r;;,; -/.L ,-- ,----✓----ch --.L ,-;,.,. ,-', _,_,_,_, l ., • 
1in 1r. 11·;<J hi IR Xf1, ~"fl "'fr r !irnj fr MO J.K 'IT l:hl tX -"] ;iiJ Xf1, :i& :rl: "JY. )1( L'. :"'_:i:>u... :IE 1T tt-T:f !iJ] "fr r .frnj 1-: ~rJ 

OLSR 1ffi 
lt;Jr}11fLIT!,::',t~JEPJl2~tLl!t:! IEEE 802. l lk WJix}H~f1=1Jffl' ftnr:E 2006 :tr Prol~. of the IEEE 

ISCC trn E.G. Villegas 1-w)\_ffi-tj(fJ,,j,jf]Ysr "Load balancing in WLA\s through H:EE 

802. l lkmechanisms" ~iJ'W~~¥1J:x.m;t r+ 1 }'frt/B:i&_~]<"j' i$jt~l~1:f:JH~~ ~~i-J ! )\.1rc J;;~::-¥J· 0 =r~t1 lli11 
+J _/C-- ~ ~ '.'I -+-><' '-+-;-•-• 11j ,->-, ;s--k 1'.-\ i ' -l[Il ~ ~ 'l, '>f• 1'cl 1-f ·• ;,'6 2;'iJ-fif' f·f-:J '/ ' :1A1T hi--' J&·n,,:cJ...{'i'.,F, i:::, J'sJ ¥Jfil,L_, GH §_ wl1IL~,J>tJc..i'.'Ll7"11¼':H'J AP" 
'0293] :,r-:fxf:b_<-ji--h 2· 0'7 .;·r:rA_!!-l:,'\_'.±1, (HI '\')Q7 -Hi j:C:-f,r1_ '--- Cjr;::,+' r•(r Al) :'t-:ll't:,'l{JJt,., 1±:.:,1.::rz 1,1:1..ifr,:>.!'1:r;'r L - . .,._ /[~'FA 'A o, ,.;J_ 11';.71i_:f~~it'-lVl /.:-,U! "J/',dJ !). _j_~f)iXL!tl,.. n /'~.Lfj\_~ ..,:J..j~---- ll9'°7() >-!j"L;c.::-_-_-_lf:.Y 

rsx:tr·trij/U~ Et] VJt>l;iili.ff. T #JrafJ f?~f!:, AP riJ U i-t~#Jr afJ11i~1!x:JS· ff'0 ETX {fcl D 

[0296] Jv J 1r~-it fi /,\T'LJ/13 ;f, ~rp '_y;fltli7J J\.'.:}14±1:1'- AP t~fcl-\ T {t QtlHf st Madwi f j JJGJJJ~L 
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CN 102907141 A 24/27 ];~ 

[0297] 

[0298] r-• d 8 ; f' ---~ ' ' 'fl3' -• ; ~ ?'l- f' --- t ,_,_ ' 'il/ ' " ' I ;,-fr --r-• /--• ',, r,·z ' [i=i}. j '/ f _I_ ; j -,-• j cc-, 'i J-_l ----• ,-1 :,~•r r: J -,:;( _, /II'- 0'" ·,l : -1'. z;-, l ~: F 1 Slr'n Pi;Y-,, ri- ',¥,j-• ' 1T 'l'J'f' ,( '- t,- 1=1 J __ j LI, i '-,,; ,: _,-= n- - §Ci.. :-i: :. -_ 
~ r•.;, __ ,/-, "'<-- . _1/ ._, . ..,_, ':.Y Y-J ,---11 HU- /l1V, j ,..J J.,, ___ v, .•-..I ~~..J :------1 ~ 'I_J- -~ ___ -,-__ ., I ---

[0299] 

~IMR"J OLSR :tmfL Jt··J::U~H'fHl~Itf'. ;jfS,t-AP ~JlU-1:R"JJ:ifri'f~j!lo ~)y\~zJJ'.&f1 iJ:1,H8.:tttfU GET 

i,f=',';_;jt, i'ti:1" AP (ti OLSR :frlH't~vUuJrnmtitru fJE i:Hi:t1}:§i1t1Jii(~JJ_11Zo 

[ 0300] 'i'* ~t iB=ii:J 
[030·1] ~--:i- ,'l.f/ ,J._\-.f t;IEJ';i;;,' 4,f: ~n-;j,. r;b: \ifl. -fi- 1 1-j-J 6Fr (!-'-', -~ fi, -1 00 ;'l1 _-x .l;w •;,',_: M: Jv Jv -_W, /"i-t, -J--, 'J;,i,Ll,;r_.J, ;,_f_i,~ .. '-6. ~:fl,) f .• Ji-J-! ,_,_ vx Ir_¥ .... v, n~ v !--1 ,/ .,.,.0. -<h .... .;1..1. _ :--1 'J w ., : _-:;-, -:1).!L o ""' ""' ."'- /!) I- _ 

J').: IE Jl\1,1±E: --,. -m -Hi' t ;*3r1,1;il ,[1.j:: ~ /J,t-7'J•· 'i"f' t'i.1 -:;;:~ f-J.-L, ~r'.J :gJ;b T<'TfCT =11r1 r-:j [*11!:l' 1_-/rA~ r1~r ':tt, fJj J· r;i3 cr,rJ:is: 'f', 
____ ______.______._:y,.,._ /", .J 'll-\('J/r=, ____ ,.-'<.L:- .J',)/.J) __ .L_,_,.....,,.l!:i ,J.--~1----1'.J,'::f,~'l H - , l A-/G.l', _t-_~ ___ ,,,.u1/,._ ! /---'~-----!/l - i· ... <m , /__..)(... 

R.l:J efJ ,/[}; ml a 

[0:302] 

r,.0303] f;Kj , , , f I Ei•y ''7 flr~ /,/J c,'7 hi , __ ,, fll"'- L-,, J'J. -Jr-i,,.; Ll-1';:-] -lp'• [-x--• ,f-1 -1h 7."11- l',1 , t;i:~±,t• ''000 _-_<'h_ :·~ lVJ \.1·,+,'_.m+, f,_ 1--1 ~'- 11 •-- !J ix. ;;j i:1' _'3,'J;'1,:r:\,·:i5\/ r_-J /El:l'.:Of)IIC'VI' 5f~1, ---• lj't;J lG::1-l'J, JJ'"),4:~""' ' "IS::µ., 1-l , uC-, /;· 

fr~~%"~~~~M~~~-~A-A~~~A¼~m~~ffl,~~ffl~f31,t-~~ 
t-tit~ (ti 34 lr«Jij\-=p .~ (}t)\,~) 0 Yi]' 1M AP ~fJ¥:1:'.)J~~ 8 nw E AP kY.J1'Hm1i/t1 l11ft:: :300m, 

[0304] 

j-, 11},'j'<lff@d~·1ti'07:J.I/- Atheros 802. llb/ g Mini -PCI f,, ~ 802. l lb/g t~ltt:~1Jfr'.JJ2t~ 
1t.1 V} 7 j'ff [; i 1tif R=I =-~ A~ ;r",- J-S'. 1':<11'~ ,tt rrr ;tr=1r1· ,r; -/§):;f,j FR !{.;,rcf 1fi·,1~r lf1·· ~rj ~ff,){}?' W{z~!,-\!-~ l/-j 1b t!{ t:..~.Ar-w- .../ _A,.>C.1W~,:J-./l _±,. __ LL,->-, 1-~A.,t __ o 7 r1 ! ,.,,,., ! m,, ..... r1 c,,,';.,'-V_A/,--- •--. _IL,-JGtA..13t"-JL~ ,•"ef1=1'Pl-l r'J L·'> 

2. 6. 28 l~1T5E'.i1JLlt'tJ Linux ?1 {11·" ft,/fj OLSR 114HtJtJJ-~x" 
!0305] ":;:-; rkr ;:;;'!1,1,,'c~ f;'f ~ if:)~/,\.+-kf rf..1 f;'f Cl [1 ~11 !t~tw;:} 1'1<J lFJ .+ nrl f-13 d;_ fJ:f-0 [Ix!J;-.'x '¾f.)-1:rJ t.f; 
... ... .-=_L_. r 'J w-" J __ [. ~--! 1---1,,),,.,s 1-__ £/ j , _ _,. / ,.,_ L,,:.,_ r.:. 1---1,,)71 __ .L£ ,_L1 .,, ..... ..J 1 :; "-' w. ! 11.. ..---__,____i./J,X,i o -,I ! , j 1 er H, L:.i.Ji--. 

[0306] 

[0307] 

tr111il 11Is~J r~J utifl!rJ_m t:11i'fi !'Y'.J ;;,~rr,, 
[o3o8J oo 12A f:ct11 T~JtJ:=:=i+ti:J_J'ii.ftJ-'f:i:)JP1stftJ+;;1~11iirPJ ffl AP flf.JM:lGmY/'r, r~1 4B r+ 1Hir:i~ltJi 
HAP !ejimu t'fJjr1i·J,:_;Jll'.{(';Y._ ½ l:~j SE)<'i] -¥,A ff~ AP t1Hti:t. i'fi] ~EJ'IT ~r lt!~" fr'~t~i!j-tf~ ;i. :~~~ r1tit fj~ 
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CN 102907141 A 25/27 ];~ 

110 lit T~$ib/lJ P ffJltS~JHIT!iff ~j-',~CJtlfJtS'~J:!'3:Wi'.flij¥" ~n*ItI7~f~J:~:1m, ttitJ'f;?t~1JJ\1¥P:t~:!'3 
m, }A rm JJ '.f-;j' st~I: 0 !r1] r-t-J ' 'c~, ;f1J :i~J i: t 1 !t!Af ti" it± I 7( f 1¥,1 {~: fl~ NE -~ tH ' 't !lt~ ~!}:_ AP t=i m ' tfl. ~mu 
~,T_~-' \ _i;Jl ,'~ , [-~_,;•-=••, Rx- ,Ir+- -b\. :_pr Ii n: ~ F.1 ~; ... J \. 1 Li ---... . !"if. ! 1-.'- '11~l. :Jt..: ~ ..¼-2 o 

[o3o9J J!rJt AP !i•~WJ 8si'r~Jd1 
[0310] 

1f!ifr, ,9'l f:MHJt~~ #ttB ~iL1't ({0 ~U!u Jh~ f ft !~·1""'.t~fd:tl'fi 1l 1 

t'{J ~n f+j 'k 8 ,-(,Jc: ,,,--1;:~_fr i=r 1?!JffiA.z;l:--JLf.i::1:1:J;l{ tl J-u 1,-1~~"lx,±.@-1°,-,1;_tl,'-'-''-·P3--il'tUI fF~o 

[ 0311 J f3fJ 12 B ~; 1J1 -r ir1 5t tit, m T ii rt !Y:1 ~v J51 ~e: tf O ~~1 f3fJ 

z;/J:f-m .tft), EcJ ~~l~jJ{l'I 1¥JJ:i~ HJ b~, tm--1:NrM~l'r'.J Jff !~~ 1¥tHl1-Jst;1( \J. :e· ~t ~::iA 47%" :iz::f:~:J~ ~ 
:l,J~!"ftli1Jlj1)1:}:½_;t~:}(p(1J~ T -'=rji$z:;J~? !'L#tifcJi lt ]fit) s,t]f ,Q;, 'If i'r0tlt#i" Jt:571-, iffrcg'Jtj ftJnri fj½ 

~-1¥JM~.~~~ilill*ill~~m~~~M~~~~YA+fflM*~i¥1*~~~~1¥J 
RSS o zz 1 it!:~;t :rrdj~, ;Hf ;i;: l'~U tt':J iWHWC, i~jfljc;!~{JN.tl;IZ:'t~.l:YHl''J RSS .Jl:15: '' Orac1 c-''tl;{Z:l'l''J 

[0312] 

[0313] 

[0314] 

[0315] 

J~1i ( dBn1) 

-55 ( ~ it. aJ.J ) 

-75 ( 00 it.MJ ) 
-95 ( 00 ;t_ tl{J ) 

-55 ( i~~) 

-75 (~~) 

-95 (~~) 

T:E. oc2c, -'- fc' ,~ '• l , _,-,. A-,. J l J-• tp 
- i "~ u;1 - ~' ~t-,1;1r,; -ix._ I -·111 '"' i,:i , --•-~ I' :I. -- _.,, i ----1 -~, \\•, .,. 

Oracle ~JJ1i¥J it.4t ( O/o) 

-60.86 -63.70 95.3 

-61.56 -64.98 94.4 

-61.04 -68.76 87.4 

-59.48 -61.04 97.4 

-59.51 -64.23 92.1 

-63.28 -71.91 86.4 

f%!'f'.J5f's!>J RSS 1=5 "Oracle" H#:U.Hr br;~, 1~l -i:st Oracle :t1#,~,Jid9.:i'rff1ilJftf\11~3iA-fJi~d=l 
AP" i~f!J1J1r{E:r~itti1Jd+J, J RSS t1ti\HFl'r~ZJEiJRt1x1it o x~·+WJ Bt?l;!½}:l:11~~:, ¥+ AP W,1~ 
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CN 102907141 A 26/27 ];~ 

f~[f~ f{:'fir?t lfj-J§';f;;i~ 0 'jg T frtdt it § c)=j AP /.,l's] 8<1'i'i1ft~8½IvLiL t; r jifJkENdIJ1'- AP t}H~f 
f~nt R"J F :fr tiU! ::a: r± ~: frL, :13: M 1'·{['_[ ~II @ ~n J:}lfi ;i& 8:1 [~)(j tr~ AP t1ll r~] ~i)Jti: !'rt! , i~l Jl:t, )f~ it J=t:! 1I 
1~1Hf'J& r ftrfu16£ t~" mlrlff:ifd:2;WJ j::~f.ii@' & p t/Af f(: 1'±Li-i §t (fJ Af) jzhJi 1,c1t;:E 0 

[0319] 

("~ t :@:r-ttla: +ETX Hi:J AP iitf'') ',i~fYl,8~:a:n±.1:~'l CDF" 1~00;£7]~ ili T }tl r H 1f 1ti+·!'(J:1?;f1 

ftrAf fij AP tnFt S"J ?f 0f tjJ Hi TAP XJ1i (" -~T 1f 0f Ii;, i'Y~J AP J11i ") ~J'l'~ul. T S¢J'f;? lrt:if'f Plli" 
::#Pt: ll:~tlll );;JtJ 7~/ :fiU:it 100 ft-fr T ft-t17r: ETX, Jt i:ii.filt{1: ETX IE AP f!t3~rtttt :~n& T f(<J:tt;: 
[r1Hixt~IX)(jf4';- 106 (:1tJtl~[" i'F~?ftriafi4Hfrf1~B,fri3Jpqfl~B¥aiJT~1~1.ffJ?~:5tt, M~fl 14 Pfir 

~~ffl~m~m•m•~~fflTM~~~~Wtt~~$~ 0 

[0321] ~II i~ Jt (9) }frjj~, W§' ,.r~f3z i: c,) 1 ;f:!1 ~, 2 ffi f {E AP ~tf 111 ~,J :e':r-ttl[:;f:ll:f;:i, f};'f·f~J ":::_ 
r§J 5f jj O ltj 15 ;f;; Hi T m T ~ [;V:f 1'· tx llt ffj l~ IBJ f§.1'.t B<J f>:5<1 f* ff Of tj} {l'l O tm ltj 15 rt1 Wr ;f;; ' :'[~ (0 1 

'iJ.} ~--~ FTi ') [1,-t 1~xl ±At •!ft· ~l:'.lo i1f-"-.•: (!Vt t---1- \;),· ~. H;!., ),•i;,,1 ·-i::;• ')Ci' ;-'-1 _1k1,'ri,,;/,:$l., ,'!}, 1t r,rul l'i fi!lz :rf,.;',f,J, Z:1:iA"H,,t ~ ;i,\ ·1·,,·-h:;Ar~lil +11 R=l _ 
_,,..)l.,._ _ __El__.1..//"i\ ,-1_,. ~-tr trJ-1i, .;J.J<..o "L--K-, l !t, _,,/,,;. I 'ft_ ,!J ,•...,f~_.,. .... ~-!-L.i>"1J _ _L.r<;..::;c .• :r-,,,."' ,.J•--t:<,, -, fC/J~'.J,./l"iJ/ij 

2J r1<J AP, 11'fi-~tf tE]f\ ~d11t1i: 1.i=ir ~J:1;ryir:r-.11:J:rd~it" ;mi'rwL:i: ms ri., Jffzttttrft:rt{E c,)? i)ti:'.ftlt 
o 01 :<1: I.m 8½ o {El. fi , ~ ili ~ f.ffi T ;J;Jt :~ 1 J, 1t r~xJ -iJ\: r1x1 fffi +1 JiFL fvt t!J ftJ ITIT 1;1 8½ :~ * tt f'lt D ~ff11'f G) 1 
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Rankpath = get_path_info(ap) 
Rank1oa.1"" get_load_info(ap) 
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END FOR 

~J!-.;tf :l,1! APscorc ~ ap ** 
Function get_ap_info(ap) 

µ - 1tat;,:1J m * 
c- ~-I' 
Return (1 ~ µ) x C 

Function get_path_info(ap) 
Return ETXPath 

Function get_load_info(ap) 
FOR EACH ':Af hl ap JU~* ~.$-,1½ P {r!J node 

Return.JJ,~:l.:kAiJJfl lfi~ node 
ENDFOR 
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Abstract of CN104301957 (A) 

The invention discloses a method for controlling a terminal to actively roam. The 
method is applied to an access controller (AC) in a iNireless local area network system 
and comprises the steps that when the average signal strength of an STA on a first 
access point (AP) connected with the ST A is not larger than a first preset value and the 
average signal strength of the ST A on ott1er APs is not smaller tt1an a second preset 
value, the first AP is informed to reduce emission power for the STA, meanwhile, a 
second AP is pushed to the ST A, the second preset value is larger than the first preset 
value, and tt1e second AP is the AP where the average signal strength, not smaller tt1an 
the second preset value, of the STA on the other APs is the maximum. The invention 
further discloses a device for controlling the terminal to actively roam. According to the 
method and device, a client side can fast roam from tt1e AP with poor signals to the AP 
with good signals. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CN104301957 

The invention discloses a method for controlling active roaming of a terminal, which is applied to an access 

controller AC in a wireless local area network system, and the method comprises: when the STA is on the first 

access point AP wHh which the connection is established, the average signal strength is not greater than a first 

predetermined value, and the average signal strength of the STA on the other AP is not less than a second 

predetermined value; noHfying the first AP to reduce the transmit power for the ST A and pushing the second AP 

to the STA, where The second predetermined value is greater than the first predetermined value, and the second 

AP is an AP whose average signal strength of the STA on other APs is not less than the average signal strength of 

the second predetermined value. The invention also discloses an apparatus for controlling active roaming of a 

terminal. By adopting the invention, the dient can roam from the poor signal AP to the AP with better signal as 

soon as possible. 

Method and device for controlling terminal active roaming 

Technical field 

The present invention relates to the field of network communication technologies, and in particular, to a method 

and apparatus for controlling active roaming of a terminal 

Background technique 

In a wireless network such as a WLAN, it is generally implemented by a wireless access point (AP) and a wireless 

access controller (AC). In this AC+AP networking mode, the AP is a wireless transceiver device that is 
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responsible for converting data received from a wired network (such as the Internet) into wireless signal 

transmission, converting the received wireless signal into data and forwarding it to the data. Wired network. The 

AC completes the functions of authentication/configuration/data forwarding for wireless users and plays a 

centralized control role. 

FIG. 1 is a schematic diagram of a typical wireless network networking structure. As shown in FlG. 1 , an AC is 

connected to multiple APs of APl to AP4, and a terminal (STA) is connected to the AC through an access point 

AP. In the process of STA accessing the network, it is necessary to first find an available network, and then decide 

which AP to access the AC according to certain factors. Obviously, the right to choose this is STA. The choice of 

most STAs is based on signal strength. 

The working mechanism of STA determines that there are many ST As in which the initial STA is connected to 

AP 1, and then the STA moves. When it moves to the position of the dotted frame as shown in Figure 1, the STA 

is away from AP 1 Farther away, the signal is weaker, and the distance from AP 2 is closer, the signal is stronger, 

but the STA is still stubbornly connected to APl and will not actively roam to AP 2. 

Due to the implementation of the wireless terminal manufacturer, this situation is very common in the real 

network. The drawback is obvious: the client is connected to the AP 1, the signal is weak, and there are a large 

number of low-speed retransmission messages, so that the users of the wireless network The experience speed is 

getting worse. We can call such a ST A as a weak dient. 

The existing solution generally activates the AP to disconnect from the STA when the AC senses that the STA is 

weak, and causes the STA to rescan the network and select a better AP access signal. Obviously, the shortcomings 

of the prior art are obvious: this can cause the user's network interruption time to be too long. 

Summary of the invention 

It is an object of the present invention to provide a method and apparatus for controlling active roaming of a 

terminal, which enables the client to roam from an AP with a poor signal to an AP with a better signal as soon as 

possible. 

To achieve the above object, the present invention provides a method for controlling active roaming of a 

terminal, which is applied to an access controller AC in a wireless local area network system, and the method 

includes: 
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When the average signal strength of the terminal ST A on the first access point AP with which the connection is 

established is not greater than the first predetermined value, and the average signal strength of the STA on the 

other AP is not less than the second predetermined value; 

Noti(ying the first AP to reduce the transmit power for the ST A, and pushing the second AP to the STA, where 

the second predetermined value is greater than a first predetermined value, and the second AP is the STA on the 

other AP The average signal strength is not less than the AP with the highest average signal strength in the second 

predetermined value. 

In order to achieve the above object, the present invention further provides an apparatus for controlling active 

roaming of a terminal, which is applied to an access controller AC in a wireless local area network system. and the 

apparatus includes: 

a determining unit, configured to determine an average signal strength of the terminal STA on the AP, where an 

average signal strength of the STA on the first access point AP with which the STA establishes a connection is not 

greater than a first predetermined value, and an average of the STA on other APs When the signal strength is not 

less than the second predetermined value, the processing unit is instructed to perform processing; 

a processing unit, configured to notify the first AP to reduce the transmit power for the STA, and push the 

second AP to the STA, where the second predetermined value is greater than a first predetermined value, and the 

second AP is the STA The average signal strength on other APs is not less than the AP with the highest average 

signal strength in the second predetermined value. 

In summary, in the embodiment of the present invention, when the AC senses that a weak client exists and 

knows that the network has a better signal, the AP that reports the poor network reduces the transmission power 

for the weak client, and simultaneously weakens the weak client. The client pushes a better signal network, so that 

the weak client actively reselects the network and actively roams from the poor signal network to the better signal 

network. Compared with the prior art. the weak client can be transferred from the poor signal network to the 

better signal network as soon as possible. 

DRAWINGS 
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FIG. 1 is a schematic structural diagram of a typical wireless network networking. 

FIG. 2 is a schematic flowchart of a method for controlling active roaming of a terminal according to an 

embodiment of the present invention. 

FIG. 3 is a flowchart of establishing a connection with an AP in an active scanning mode of the ST A. 

FIG. 11 is a flow chart of establishing a connection with an AP in a STA passive scanning mode. 

FIG. 5 is a schematic structural diagram of an apparatus for actively roaming a control terminal applied to the 

foregoing method according to an embodiment of the present invention. 

detailed description 

In order to make the objects, the technical solutions and the advantages of the present invention more 

comprehensible, the embodiments of the present invention will be further described in detail below with 

reference to the accompanying drawings. 

2 is a schematic flowchart of a method for controlling active roaming of a terminal according to an embodiment 

of the present invention, which is applied to an AC in a wireless local area network system, and the method 

includes: 

Step 201: Determine an average signal strength of the terminal STA on the AP, where an average signal strength of 

the STA on the first access point AP that establishes a connection with the STA is not greater than a first 

predetermined value, and an average signal strength of the STA on other APs Not less than the second 

predetermined value; 

Step 202: Notify the first AP to reduce the transmit power for the STA, and push the second AP to the STA, 

where the second predetermined value is greater than a first predetermined value, and the second AP is the STA 

in the other The average signal strength on the AP is not less than the AP with the highest average signal strength 

in the second predetermined value. 
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In this way, the control of the AC is used to notify the first AP to reduce the transmit power for the STA, so that 

the STA disconnects the connection wHh the first AP, and directly pushes the second AP with a better signal to 

the STA, so that the STA scans as soon as possible. The second AP saves the scanning time of the STA and 

ensures that the STA roams from the first AP to the second AP as soon as possible. 

The method for pushing the second AP to the STA may include: informing the second AP to unicast multiple 

probe response messages to the ST A in the beacon period. 

Alternatively, the method for pushing the second AP to the STA may further include: informing the second AP 

to unicast a plurality of Beacon messages to the STA during the beacon period. 

Preferably, when the STA has not established a connection with the second AP within a predetermined period, 

the first AP is again notified to reduce the transmission power for the ST A until the ST A establishes a connection 

with the second AP. Here, the predetermined period is generally defined as a certain number of beacon periods. 

Preferably, when performing step 202, the AC may further notify the first AP to reject the probe request message 

of the ST A within a predetermined period of reducing the transmit power for the ST A. 

That is, the method of the present invention controls the first AP and the second AP by using the AC, so as to 

achieve the purpose of helping the STA to actively roam from the first AP to the second AP. 

In a wireless network, each AP may transmit data packets to and from multiple STAs. Each AP periodically 

detects the signal strength of each ST A to send data packets, and each ST A sends a data packet to the AP. 

Average signal strength. Therefore, the first AP obtains the average signal strength of the ST As wHh which the 

connection is established, and then notifies the AC, and the other APs also notify the AC after obtaining the 

average signal strength value of the ST A. The AC defines a first predetermined value and a second predetermined 

value, the second predetermined value being greater than the first predetermined value. If the average signal 

strength Rl of the STA on the first AP is not greater than the first predetermined value, and the average signal 

strength on the other AP is not less than the second predetermined value, the STA is considered to be weak on 

the fir"St AP. The signal on the other AP is strong. At this time, the AC notifies the first AP to reduce the transmit 

power for the STA, and at the same time, selects the second AP to push to the STA. The second AP is an AP 

whose average signal strength on the other AP is not smaller than the average signal strength in the second 

predetermined value. Therefore, the STA that establishes the connection with the first AP is triggered to reselect 

the network, so that the STA establishes a connection with the second AP with the better signal found during the 
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rescanning process. 

The following is a brief introduction of how the STA establishes a connection between the STA and the STA in 

active scan mode and passive scan mode. 

FIG. 3 is a flowchart of establishing a connection with an AP in an active scanning mode of the ST A. 

Step 301: The ST A sends a Probe Request message to the AP by using a broadcast 

Step 302: The STA receives a probe response (Probe Response) packet of the AP, to obtain wireless network 

information. 

Step 303: The STA sends an authentication request (Authentication Request) to the AP to request an 

authentication permission. 

Step 304: The STA receives an authentication response (Authentication Response) packet of the AP. 

Step 305: The STA further sends an association request (Association Request) message to the AP. 

Step 306: The AP sends back an association response (Association Response) message to the STA 

At thls point, the STA establishes a connection wlth the AP. 

FIG. 4 is a tlow chart of establishing a connection wlth an AP in a STA passive scanning mode. 

First, the AP periodically sends a beacon packet to the STA, so that the STA scans the best AP, and then initiates 

an authentication request to the AP. 

Step 401: After scanning the AP to the AP, the STA sends an authentication request (Authentication Request) to 
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the AP to request an authentication permission. 

Step 402: The STA receives an authentication response (Authentication Response) packet of the AP. 

Step 403: The STA sends an association request (Association Request) message to the AP. 

Step 404: The AP sends back an association response (Association Response) message to the STA. 

At this point, the STA establishes a connection with the AP. 

It can be seen from the descriptions of FIG. 3 and FIG. 4 that during the rescanning process, the STA establishes a 

connection wlth other APs wlth better signals, such as the second AP, in an active scanning manner or a passive 

scanning manner. 

The AC may be configured to enable the STA to actively roam to the second AP with a better signal, and may 

push the second AP to the STA. The embodiment of the present invention may have two implementation 

schemes: the first scheme, the second AP is notified to the second AP during the beacon period. The STA sends a 

probe response packet, so that the STA establishes a connection with the second AP, that is, actively roams from 

the first AP to the second AP. The second solution is to notify the second AP to increase the sending of the 

Beacon packet, that is, to notify the second AP to unicast multiple beacons to the STA in the beacon period. The 

message is such that the STA establishes a connection with the second AP, that is, actively roaming from the first 

AP to the second AP. 

Of course, the two schemes may be combined to notify the second AP to send multiple probe response packets 

to the STA in a beacon period. Meanwhile, the second AP is notified to the STA in the beacon period. Multiple 

beacon messages are sent unicast. 

In order to dearly illustrate the present invention, a specific scenario will be described below. The schematic 

diagram of the wireless network networking structure of .FIG. 1 is taken as an example for description. 

l) 
After a ST A accesses APl, it becomes weak due to the location mobile access signal and becomes a weak client. 
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2) 

The AC obtains the average slgnal strength of the STA on each AP, and the APl detects that the average signal 

strength of the STA is Rl and notifies the AC, and the AP2 detects that the average signal strength of the STA is 

R2. The AC is notified, and the AP3 notifies the AC after detecting that the average signal strength of the STA is 

R3, and the AP4 notifies the AC after detecting that the average signal strength of the STA is R4. 

The AC judges that Rl <= the first predetermined value, and determines that R3 and R2 are respectively greater 

than or equal to the second predetermined value, and after R2>R3, the AC notifies APl to perform steps 3) and 

4), and notifies AP2 to perform steps 5) and 6). 

The AC notifies APl to reduce the transmit power for the STA. The level of the transmit power reduction ls 

reduced by 2 units in 10 Beacon periods, so that APl sends a message to the STA with the reduced transmit 

power in 10 Beacon periods. For example, 1Beacon period= 100rns, then 10Beacon period= 1000rns; 1 unit= 

ldb = lmw, then 2 units= 2mw. In this way, the AC reduces the transmit power of AP1 by 2 rnw, and AP1 sends 

a message to the STA by reducing the transmit power after 2 mw. After the transmit power of APl is reduced, the 

signal becomes worse for the STA, so that the STA disconnects from APl, so that the ST A actively searches for 

the AP. ff the STA does not actively roam to AP2 within 10 Beacon periods, the transmit power of AP 1 is further 

reduced by 2 units, and the packet is sent to the STA with the transmit power after the lowering again in the next 

10 Beacon periods until the STA Scan for a better AP and actively roam to the AP. 

4) 
The AC notifies the AP1 that it does not respond to the probe request message sent by the STA to the STA within 

a predetermined period of reducing the transmit power for the STA, which will speed up the STA disconnecting 

from the AP1 and actively roaming as soon as possible. 

5) 

The AC notifies AP2 to continuously send unicast two probe response messages to the STA during each Beacon 

period. 

28-10-2019 8 TP Link Ex. 1004 
Page 531



In this way, the STA will be able to select AP2 faster and actively roam to AP2. To make the interval for sending 

probe response packets more uniform, the time for sending probe response packets in this scenario is as follows: 

After APl reduces the transmit power, if any Beacon period starts, the time is T, and the time is over. The point is 

Tl, then the time points for sending 2 probe response messages are T + (Tl-T)/4, Tl-(Tl-T)/4, respectively: 1/ 4 

time point in a Beacon period And send a probe response message at the 3/4 time point of a Beacon period. 

6) 

The AC notifies AP2 to unicast two Beacon packets to the STA during each Beacon period. On the basis of the 

normal broadcast of the Beacon packet, the AP2 is required to increase the transmission of the Beacon packet 

and unicast to the STA, so that the STA can select the AP2 and actively roam to the AP2. To make the time 

interval for sending Beacon packets more uniform, the time for sending Beacon packets in this scenario can be: 

For any Beacon period, the starting time is T, and the ending Orne is TL The time of the added Beacon packet is 

T+ (Tl-T) /2, that is, one Beacon packet is sent at 1/2 of the Beacon period. 

In summary, through the control of the AC, the AP2 actively pushes its own network connection to the weak 

client, and the APl network has become basically unavailable for the weak client, thereby realizing the STA active 

roaming. 

Based on the same inventive concept the present invention also provides an apparatus for controlling active 

roaming of a terminal. Referring to FIG. 5, FIG. 5 is a schematic structural diagram of an apparatus for actively 

roaming a control terminal applied to the foregoing method according to an embodiment of the present 

invention. The device is applied to an AC in a wireless local area network system, including: 

The determining unit 501 is configured to determine an average signal strength of the terminal STA on the AP, 

where an average signal strength of the ST A on the first access point AP that establishes a connection with the 

ST A is not greater than a first predetermined value, and the STA is on another AP. When the average signal 

strength is not less than the second predetermined value, the processing unit is instructed to perform processing; 

The processing unit 502 is configured to notify the first AP to reduce the transmit power for the STA, and push 

the second AP to the ST A, where the second predetermined value is greater than a first predetermined value, and 

the second AP is the The average signal strength of the STA on other APs is not less than the AP with the highest 

average signal strength in the second predetermined value. 
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The processing unit 502 is further configured to: when the STA has not established a connection with the second 

AP within a predetermined period, noti(y the first AP to reduce the transmit power for the STA, until the STA 

and the second The AP establishes a connection. 

The processing unit 502 is further configured to notify the first AP to reject the probe request message of the STA 

within a predetermined period of reducing the transmit power for the STA. 

When the processing unit 502 pushes the second AP to the ST A, the processing unlt 502 is specifically configured 

to: notify the second AP to unicast multiple probe response messages to the STA in the beacon period. 

When the processing unit 502 pushes the second AP to the STA, the processing unit 502 is specifically configured 

to: notify the second AP to unicast a plurality of beacon messages to the STA within the beacon period. 

The technical solution provided by the invention brings the following advantages: 

1. When a weak client exists, the AC helps it to actively roam to a better AP, whlch ellminates the existence of 

weak clients in the network and greatly improves the performance of the entire network. 

Second, improve the network experience of weak client users, so that they can be connected to the AP with the 

best signal at any time. 

The above is only the preferred embodiment of the present invention and is not intended to limit the scope of the 

present invention. Any modifications, equivalent substitutions, improvements, etc. made within the spirit and 

scope of the present invention are intended to be included within the scope of the present invention. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

CLAIMS CNl.04301957 

L 
A method for controlling active roaming of a terminal is applied to an access controller AC in a wireless local area 

network system, and the method includes: 

When the average signal strength of the terminal ST A on the first access point AP with which the connection is 

established ls not greater than the first predetermined value, and the average signal strength of the STA on the 

other AP is not less than the second predetermined value; 

Notifying the first AP to reduce the transmit power for the STA, and pushing the second AP to the STA where 

the second predetermined value ls greater than a first predetermined value, and the second AP is the STA on the 

other AP The average signal strength is not less than the AP with the highest average signal strength in the second 

predetermined value. 

2. 
The method according to claim 1, wherein when the STA has not established a connection with the second AP 

within a predetermined period, the first AP is again notified to reduce the transmission power for the STA until 

the STA Establish a connection with the second AP. 

The method of claim 2, further comprising: notifying the first AP to reject the probe request message in response 

to the STA within a predetermined period of reducing the transmit power for the STA. 
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4. 
The method of claim 1, wherein the method of pushing a second AP to the STA comprises: notifying the second 

AP to unicast a plurality of probe response messages to the STA during a beacon period. 

5. 
The method of claim 1, wherein the method of pushing a second AP to the STA comprises: noO(ying the second 

AP to unicast a plurality of beacon messages to the STA during a beacon period. 

6. 
A device for controlling active roaming of a terminal is applied to an access controller AC in a wireless local area 

network system, and the device includes: 

a determining unit, configured to determine an average signal strength of the terminal STA on the AP, where an 

average signal strength of the STA on the first access point AP with which the STA establishes a connection is not 

greater than a first predetermined value, and an average of the STA on other APs When the signal strength is not 

less than the second predetermined value, the processing unit is instructed to perform processing; 

a processing unit, configured to notify the first AP to reduce the transmit power for the STA, and push the 

second AP to the STA, where the second predetermined value is greater than a first predetermined value, and the 

second AP is the STA The average signal strength on other APs is not less than the AP with the highest average 

signal strength in the second predetermined value. 

7. 
The apparatus according to claim 6, wherein the processing unit is further configured to: when the STA has not 

established a connection with the second AP within a predetermined period, notify the first AP to lower the 

target again. The transmit power of the STA until the ST A establishes a connection with the second AP. 

8. 
The apparatus according to claim 7, wherein the processing unit is further configured to noti(y the first AP to 

reject the probe request message of the STA within a predetermined period of reducing the transmit power for 

the STA. 
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9. 
The device according to claim 6, wherein the processing unit, when pushing the second AP to the STA, is 

specifically configured to: notify the second AP to unicast multiple probe responses to the STA during the 

beacon period. Message. 

10. 
The device according to claim 6, wherein the processing unit, when pushing the second AP to the ST A, is 

specifically configured to: notify the second AP to unicast the plurality of beacons to the STA in the beacon 

period. Message. 
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5lfift]f~ 1J\+~=t1;f JE'.'(N L+j :,fT.JtJ1f#'-S-5lfilt~ kH<J AP" 

[0024] 

[0025] !t , rlih~ STAHh2~:?f£ :AP i'(J}iftiPJ ~j ~ftf J.11H~1:?f£ :AP-tr:'f1&f.j~}Wjjl'JjrJ~, rlih~ STA 
111. :ti 0:f; 1- t?i~ 1Pl~ [J~J f,i j:lt:SZ: G 

[oo:?6] !'.Lx::t'f, frDt~ STA Htl!1tt.: Af) ~t<Jhii,:i:EYlH?J:f1Ht :3llH11JfL:. AP :tE{iftjf5rn~rfs, f~iJi~ 

STA ~-tl%1'·1t:/Vr, (Beacon) :Ht.St 0 

[0027] ,f-ii' :'±:. -~"i' '1"> Gr.: .)-12· C: T A iit: ;:? li1? .hl:,'f1 I l I -'lif~ ± l:'c:?1 k_:''s' .... ,~\P :i:i[ I( Ice ;:tr=,_ t,J': Fl! I -~.-[, .. '),,'' r]tlj 4:n f.iF'r ~,i'· 1ffi: /LJ).l~.r~, -=::J }l ! )<.!.;_ \.J ll 'LJ _ N...,../l=ij / t:J t' .:I, - /f\,,,. ..., ;.-'J-J- jj_r _____ .JlLrA ____ -;A,, ,,~1Jn1,. \...-~_p,H)> )~/j-.1 

AP P,!1CCttx,J-~.~ STA 8tt,HJ,j-J)J,$, n~i~ STA 1ij'.~ -. AP :vifd±1lo i~.ffiL fr;!5E)a·j:l'!Jj ~!ii:JE 
x.1-:; - ';.£1'-1J1tf T11~Jf.J ;it.~ o 

[ 002s J 1)t5t Jth,, {EttVfT 01J/l 20 2 0-1, AC iFiiJ ~, iiltKIJ ~ 
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1B.,-- =.·~[I ;t ::::ri~ c_1(r +!.11·'}[ fJ- ,!~ fl~F ""-~ ){J ;w b:p A(' ,~ ,-, CC~? \'I -;m; ---- <'.,jfj 1:'c, #: :fn-,'l'i __ _. T;r,i ,c':, I,,±; -;m; ---- ),~ ,:"y lt, 
l•o j:'.~ '· ' ,J ' 1: J .v.-;, H _J ,_c,,_),1_ lh,P L':'., • .Jn_;;,, V" 'CV Jc ,;<.._:.1-1 J;,, ,N::_'lh/l'µ ;-1,-----• J_v,JE Lt'u /1'1----• j v;;E l.t:I. 

1:: T~- ·f~1;r_::1!'!:o tm*i~ STA {-1::~- ---- AP tt(J 5f:HJ[l§~·5#lJi'. Rl f~AT$- ·fiJ~_At'._(['$, J1{-t:;lt; 
't: AP J::s1°f:!:t11f'f \=BHH=!f/f;;1J,+~=f!f!11:'.'(m.81', IJ!IJ lA;~ STA 1£~~ AP _ls"Jf.'f ~1Jc~~, 1:EJtf; 
''F' t t1•{1{0 "t.r,:-1._ir!_•-~,2g :,fJ,t;c;+ J\('_ -1E!ij/p1-j{I'----• 1\]) rt;'/',.14-~, v.-f·,i~ ~TA r/.1,'g•s_:,J-J)l_))'.!i~ lql_c; µ;+ ,i,1,c0 ic~-ar - A]) :J;,il;;'-'f.: 
f1 __ _ .f- _ !=1 .J 1 ,X,,._J,:D;.-' ,L-L IJ'J .d AU!. ,1,H _1/F) - l t'-r- !k\ v, /\..,1 v;:,;, ..._.,, d ~~ ..j /~X..~1j _ .:...:P-" p---:.J H'J -' ~~ ..,1.:::P /j:.;l----~ fi .., µ. ,u,. 

[0031] 

[0032] 

[0033] 

[0034] 

[0035] 

[0036] 

[0037] 

[0038] 

[0039] 

[0040] 

[0041] 

[0043] 

[0044] 

[0045] 

[0046] 

[0047] 

- '<fr,-", Ni i+1 _ilL+';J,f~· ----- J'.!_, At.:. LtcJ. T I ,✓ Fl 

1irft"tfJ'i/L-{j-'i)j1}--------i::.-- srr•~ -!,;-'r-:i;fJ l=i:j,\~ ;, ;cl-"K"JjJih~i;fJb:i,\~,l;~'f;cl-•-r.::.· 1'-1P L: C:T/i hrr1fifZ,_±!·-tT 1----dJ ! PJ 1 . , .,, I' L ... Li. •-•~-- -~ Y, 1---1 .... i---l--l /'<. _;-\. 1 · , Tl.,X.. Y, 1---1 .... i---l--l EK_;-\. 1 · , - -- .J L, ..... l ';,t,f-1 , . )'.._t........:...,.. 

.LL-·ir~ ·3c ·3 --·,r·, &.-r 'r) ~, •• , , 'r ·±: J· , ' l . . R , ·_±; .r . i 'if •Jy---J• !Y.§i:R. J. , ~ 11 11=1J 1u .r>O~ v\ Uc i~ ::'J< \.1tut ~tent1cat1on ; equest) if"! -':J<- !;A i1 ·.t't' r1 ; 

:J,]1¥ 304, STA }f::rf'.lz:JU AP i'fJi-)di])l[f:JJ,0Z (Authentication Resnonse) tlitX:; 

-;J·.1~ ,102, STA 1:~L~z:!fU AP 0ZJwd1H~rn1z (Authentication Response) 18UC; 
,l:fJM~ -103, STA :pt rtJ AP ;x_,rQiiHfli:J< (Association Request) J~.t ; 
fyif 404, AP [~:] STA [r1li~ ·1·· Jf}}J;n[riJ@ (Association Response) 11:LZ., 
~lit, STA 1=j AP l,;!1L~Jifl(c 

rm· lrij i~ 

tfUJill 3 ,¥~r ti] 4 Af.J3itr:i&nJTJ.!t1· f±L STA 1:Eittii:tHitr B":f Hti , #:l~ ~ J:i9Yfif{!i1T~rt 

- n.A JJ -_r·. :::-',cl;, -_-
1
lc;:-_"",," ::;n((i ;;,._','. :,J -~-'. -. 11]) m ---- CJ'm' _)_,_, '7';. -f.• __ L-'/J·.::::::w,., ;;1, "o ;-1, .1r•1 Jc;;f:':,"ct: 

1$' - ,, F) ,-i::~1-'-· i:* ,p. D ' " n it:J -,'r 6<-J:tt,;JJ t- ;;w 6_:r, -'cff - ~1) +lfilf i1r1 D • U:j -,'r 6(-r ,p.;_~~ 1:1:1 'i1', '1.:r, $ 71-1 ----- ,\ J_L fFl fttf .!X:, UCd_,Q,_1 :nX._.A,. fl. :cc;', adj ___ ., ,..Jj],_AH,5P ----• h ,f~ ;J uCaCOD 'Ji)(._A. ,n /,X:!-<'.:o, f:;:•• J.BihH_7!7 

-. AP 
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[0050] 

it,:J ~ :ft ~~ Y-J WrJ Jtl tr Wt fiR 0 

[0051] J) --,t STAJ:t), APi ~-ffj", rtJf{1t.~@f1 1tzW12!A1tf 

[0052] 

AC, AP3 ji):;,m1Jt:H~ STA AJt 1:: (fl 'f lt1t:f ~BllH~ 7'1 R3 JfimHn AC, AP4 ;j;(~~mufrJJ~~ STA it1tl::.ttJ 
fl:,Hir-§fl!f/j~}sr R4 JGifIH~P AC AC Jr]l~ R1 < =?t f§l'.,t{J;L l1iJfJ1i'ii;;1~ R3, R2 j}J}l]::kJ:~:f 

%___:.J'~,E{WL, §_ R2)R3 ;i;, AC ;tfil~(j AP i tAtf ;J;",~ 3) ;fP 4), ;tfil~f1 AP2 f}lfr}t·RJ 5) ;fP 6)" 

[0053] 3) AC it+l~P APl [Sif ftHtx&i~ STA ff'1tsz~J-J-=r;tJ-$, ~~~·J)J$~~:ftl0<'.Jf:lH}1Jff!: 10 -~ Beacon 

}Ir1:!VJff-,J l1'1dt\ 2 'Ttft{tr., 1,:J,ft APi {±: JO 'T Beacon JW]:!JJjr,f-,J f;Jl11d~Jfii'r~1x~•tJ)J~~.1i~J1t1<: STA iz~ 
tii~Z.:o *f3'U*i$L lBeaccm JtH(~==== 100ms,JI!!J lOBeacon JtH!Ji==== l000ms ;1 ,¥Lfiz:==== lclb ==== lmw, 

1I!iJ 2 ~.{1L= 2mwo 32;il, AC :It APl !'(J~~t:rJrisfl$:1tf, 2mw, APl ~JJ-1H£ 2mw 2.Jfi8½::ttMrtP¥{1tJ 
~ STA JJj!:rtitXo AP1 Rf.J1Jt!i11Y)J*Pif1if;zN~, xJ+ STA *i3t -fir~ ~t£':3tff1,~%i, ~J:rt STA ~T 

P-Z1'r+- ', kl-- i:j',/j'}-'- !'r-+-,·-L.~ 1-'--r nT, 1-'"-]!· . --'-R' .. ,. c±e§ z.c- ST/ 1--i+H·-~-,: 1"" n ,_T_-, -1,-, i:j'/J 11 p TT t=---l~,''3 ;,}/2<?.,:i ,,_. AP •10 ,I / ,--, ' '"'~·· _;-//r"j'''.. rt• .... ,, '"' .• -1' v, '" -~~' \' - -<m- ::-[cc-=('-•- nT· ' '\ - -• . '-,/ 1''W_:,n7:e,, 1'1/,, '\ ~ """'..-,_ 1--, - A-/..,!..,! ,,...., ..,! 1...1 11 A.. -..,! , .,,..,_ ___ fA __ L_.... • -- -!1-Li .. ·...o ,1----1 ..,1 1--"..J - . ., ---~"" _..><-.VJJ J-..,! Y:;:,,__. o 

[0054] 

Ei-ti'sJ/'.i_j}jfiJY-J T-,-(Tl-T) 'I']-("J'l-'1'') /,1, jlrJJ,>.)'1.il j;J .fr.--Jr"-f:~,c,,-::tr:c,n lt;j:!tr{f-Jl;l 1 /1_1 fJ-,-jr'sJ ti J--
- \ ... _ / '-i_, ~ ,;J .J.,J,- -v ., !---'-• _)\-.,, - •-'---; /:fJ,.__, L, - .-I'_ , !•••---~1 

~)Jit:E~t- Beacon J~ H½ :1/ 4 ~'t i'~fJ ~ J:;x:;~j*;vW n~Tii5'Zt~ SL 
[0056] 6) AC iffi_}fl AP2 {E ~fl Beacon :,ltfJ if-;J, [wJ i~ STA ~.:J:iiiit 2 '1'· Beacon tri:5t" ic~r+, 
tE AP2 JE1¥-' ('Jit/x Beacon 11i3d(J~~lit!J 1:, j;~-'J't AP2 t~/JLI Beacon tr(.~j/J;}:;lt, tt~.il~iz~ 
~i~ STA, h\f1W1ti~ STA 1'Hi~J$~·r-R:;t!lAl AP2 :J=f::i:Z~Ji~Wfflj AP2o ~t!'. Beacon t!i~~C&3~~tJ0-1 
i'sJ i'sJ r~~ ~JJ1fC>J6:J, ;,i'>.J:JdJ: ~Ji{ Beacon tPUdr'.J o-t 1·sJ it~ }i~liTIT ~J)J : ~t T lt; riJ1Ei- -,t 
Beacon )-ti) Jt}j, JHt1 l'r~ [11 l'sJ /~,: Yv T, ~3R itb IH l's] I!{~ Jv T 1 , J_jr1,~::. ;i;i,XJi UQ ITT Beacon t~Jt ITT nt fsJ 
:1-J T+ (Tl ---T) /2, ew:a:---1' Beacon J!] YJHfJ 1/2 Oiffil,8 t. ¥f '.&~ l 1' Beacon=}~}( o 

[0057] 

[0058] 1rp -fh 'jj5~ /.,~, ,_,,, __ , __ --•ti' 'i=l '"- 0'-J ;f+ '"~' ✓--, IT' ~,.,_j r l,-,j ,r<1' - ~ ':0 '1-[-fp' -1- TI '1'ei: 't'Jijc -·, -+J. -B- ~ 'J', ,~ ;J • ':¼-_, _ -• , .. -. ,!J ---'--• :YJ _.....v_ V.J - --1,--',;,,.._i::__::i..._ .!' ::,./ _ t....J --- , --

5-/~k'_&A/18 ~1.-~±1~•.~J ~~~1-~~'1~~¾r~~r~lj~~r~r~±•~,1~~E~~~AA~i]~~~ ~ ..., ./4-f - - lj - ., 'i -~ ..,,__, / '---~!W ..J -- ~A--,,_.., ?-'> .-• __,, -r-:: ~ ,...,_ ~ "' ,!J -- -~ y., __.,._?!.,.., -1.J_.....J,.~ _ _J-3_ ... -H ' J 'J~~ ~ 0 

@J-+j Txt~_]aj±'R~ffit}[cp ff:J AC, t~Wl: 
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Jl{% •••~- AP, Jr "t' , fir.~ :?#i .:::~ T11.:Q:. {}'[ le T :?#i · ···· },m JE {i, f:Fr Jzt~. :. AP ;;J it ST A tE Ji; ·t:: AP 

J>J{tr ~-5J1ut~F 1hf~-~fL~5E1~ 1 i 1-¥J>J1t!f ~·5JJllt.mr}cE!"J AP 0 

[006"1] 

,',}] YfT t-l\ -- ~ 

rn lj III ;/,, .; fTl /i.:r1 f.H·iR- j'\'F ,. . A 1) ~% ~ r;: ·H- ,,c;t 1' ir (' ·1· A :'~{·r '{;} a-;+ r+ 5i< tf 7-r)' 1 it, c: T r, b: '%' . A p ;4s; ·tr .; 'I[: ++ 
:;-. ! .J l/\.AJJ]_ /'\H1,1 1 XL: _·./j-:,J n r'1 ik\. y ! ;\,J -_-:;.<: 0 n :-, .j /.-"-.. /J'J _1) --,-• 1 Fl, __ T~ ~-\ u .!_ Fl j 7l4 - --• _._ l.L J.:t __ _J_~A_.__ 1_¼ 0 

[0062J }'.irr11~~~:1:1JU)'LJc so 2, jJi~ ff:!+ J,ffi9;p.,'ffli ~ AP :r£1~f1821H-x1i~ srA R'S1JzJNrJJ,¥RttJ;J~;tiHt~ 
ris, Wl~@L~ STA tfH!i(~m~i:.4£'.>J<'.t!f.t" 
[0063] 

[0064] 

~1, li1! t~ STA ,¥t:rl$ 1~ftf f11·:1~t'>C 
[ 0065 J :zl'C ~~ ~1Jllft1A t'f'J t:z;f: 7".r ~$.; , t~ ;11tr3f.: ttn F ff 1~t : 
[0066] ·, :'13 ~~~ P l~11Jt'±:WL AC ~q JJ}JJt:~~tJ:.z:JJiii;)l'!i~iJfiif ~- ~PJ8<J AP, ~PWE1( T PYHt 

~Ii\ ?z' p'1 lrf1 qt 'h'J- ·lt·: + ·+· tM 6,~ .. c 'l!I'si>'1'- 1:,()(1 ,;-11,,, !'it: ,,,,.r; £tf3 • 
<,1---~ -f:::f'/ "!-l-1/1-j~-'[: _, j',/,k1••-..1 J _tE ~ ~~-i=f•--1....J J_Lr.:JL.o. ~ 

[0067] 

[0068] 

7 

TP Link Ex. 1004 
Page 543



CN 101301967 A l/3 J;! 

( 1Pi«Jtt 
AC 

---"'~--

APl 

STA 

~l 

i::1 -201 .. J::L., 

8 

TP Link Ex. 1004 
Page 544



CN 101301967 A 

STA 

STA 
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304, Authentication Response 

305, Association R~quest 

306, Association 
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404, Association Response 
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(54) Data broadcasting with a prepare-to-broadcast message 

(57) TedmiquE,s for broadcasting data in a multi--
cl1annel network having a control channel and multiple 
data channels are described. A node wishing to broad­
cast data may determine a particular data d1annel from 
among the multiple data channels, a modulation tech­
nique, and a data rate to be utilized to broadcast ii1e data. 
The broadcasting node may transmit a message over 
the control d1anm,I indicating tr1at thE; data will be broad­
cast on the particular data channel using the modulation 
technique and at tile determined data rate. The broad­
casting node and a node wisi1ing to receive U1e data may 
switch to the particular data cllannel. The broadcast node 
may broadcast ii1e data over ii1e particular data channel, 
while the receiving node may receive the data. After 
broadcas1infl ihE; data or a pmdHlE;rrnim;d tirne pmiod 
has expired, the broadcasting node and receiving node 
rnay switd1 to the control channel. 
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Description 

BACKGROUND 

[0001] Communication networks, such as wireless 
mesh networks, are used to connect a variety of different 
devices (e.g., nodes). These communication networks 
often contain multiple different generations of nodes hav­
ing different characteristics and capabiiities. 
[0002] Within a communication network, one or more 
nodes may wish to communicate while a particular node 
is broadcasting data. Dueio a limited numberof cl1annels 
and/or in order to avoid interference, the one or more 
node,s may be forcE,d to communicate, after thE, particular 
node f1nisl1es broadcasting the data. This waiting period 
may bE, leniitt1,med wf1en the, particular nodE; broadcasts 
a large amount of data which requires more communi­
cation time,. In addition, this wai1infJ period may be IE;ngth­
ened when the particular node broadcasts the data based 

DETAILED DESCRIPTION 

[0004] As discussed above, existing techniques for 
broadcasting data do not provide an effective way of 

5 broadcasting data witf1in a wireless mesi1 network. For 
example, existing broadcasting techniques are not weil 
suited lo broadcast data in a f1eterogeneous wireless 
mesh network ill which nodes have differing capabilities. 
[0005] This disclosure describes techniques directed 

10 lo broadcasting data in an efficient manner to one or more 
nodes of a network. The disclosure introduces a prepare­
to-broadcast (PTB) message, to be sent over a control 
channel to the one or more neighboring nodes. The net­
work may comprisE; a mul1f-channe,I m;twork havinfJ a 

15 control channel and multiple data channels. In some im­
plementations, a node, wisr1ing to broadcast data (e.fJ., a 
broadcasting node) may determine a particular data 
channel of Hie multiple data channels to be uti!ized to 
broadcast data, a particular modulation tecl1nique to be 

on a particular modulation technique and/or data rate that 20 utiiized, and/or a particular data rate to be utilized. In 
requires more communication time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

some instances, the determination is based al least in 
part on the capabilities of one or more other nodes (e.g., 
neifJhboring nodE,s) within a predet,mnine,d proximity to 
t11e broadcastmg node. 

[0003] The detailed description refers to the accompa- 25 [0006] The broadcasting node may transmit a prepare-
nying figures. In the figures, the left-most digit(s) of a 
reference number identifies the figure in which the refer­
ence number first appears. The use of tf1e same refer­
ence numbers in different figures indicates similar or 
identical items. 30 

to-broadcast (PTB) message over tf1e control channel to 
the one or more neighboring nodes that are listening on 
the control channel. As used herein, ti1e term "PTB mes­
sage" may generally refer to a message that is transmit­
ted before data is broadcast indicating that a node (e.g., 
the broadcasting node) wishes lo broadcast data. Tl1e 
PTB me,ssagE; may also indicate a particular data channel 
to be utiiized to broadcast the data, a modulation tech­
nique to be utilized, and/or a data rate (e.g., bit rate) to 

FIG. 1 is a schematic diawam of an example archi­
tecture of a mult1-cl1annel, wireless mesh network m 
which data can be broadcast among nodes. 
FIG. 2 illustrates an example environment for broad- 35 be utilized. Tt1e PTB message may also include informa­
casting data from a broadcasting node to one or more lion to identify the data that will be broadcast (e.g., a data 
neifJhboring nodes. 
FIG. 3 iliustraies an example frequency hopping 
proce,ss whid1 may be utilize,d in broadcasting data 
in a multi-channel network. 40 

identifim (ID)). ThE, particular data channel, modulation 
technique, and/ordaia rate indicated in the PTB message 
may comprise, a particular data chanm,I, modulation tE,ch­
nique, and/or data rate previously determined by il1e 
broadcas1infl node. In some instances, tf1e PTB messafie FIG. 4 illus1rntE,s an example pmpam-·tO·•broadcast 

protocol data unit which may be transmiited in a mul­
ti-channel network. 
FIG. 5 illustrates an example process for transmitting 
a prepare-to-broadcast message over a control 
channe,I indica1infJ that data will bE; broadcast on a 
particular data channel, switching to the particular 
data d1anm,I, and broadcastinfJ thE, data ovm tr1e 

is shorter in length t11an the data. That is, the PTB mes­
sage includes less bits and/or bytes than the data. 
[0007] After the PTB message has been transmitted 

45 on the control channel, the broadcasting node and/or the 
one or more neighboring nodes may switch (e.g., tune, 
with an RF-receiving radio) to the particuiar data cl1annel. 
ThE, broadcastinfJ nodE; may broadcast tf1e data over thE, 

particular data channel. particular data d1annel based at least in part on the mod­
FIG. 6 illustrates an example process for receiving 50 ulation technique and/or data rate indicated in the PTB 
a prepare-to-broadcast message over a control 
channel indicating data will be broadcast on a par­
ticular data d1annel, switching to U1e particular data 
channel, and receiving the data over the particular 
data d1anm;L 

message. l\ileanwf1ile, Hie one or more neigf1boring 
nodes may receive the data overt he particular data chan­
nel. Tt1e broadcasting node and/or ti1e one or more neigh­
boring nodes may switch to the control channel after the 

55 data has be,;n broadcast and/or a predetmmine,d time 
period has expired since swiiching to the particular daia 
d1anm,I. 
[0008] Use of il1e PTB message may allow broadcasi 
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of data wiihout receiving any communication from one 

or more neighboring nodes. For example, a broadcasiing 
node may broadcasi the daia without knowing wl1eiher 
ihe one or more neighboring nodes are available to re-

lowing implementation and context is meani to be repre­

sentative of other possible implementations. 

EXAMPLE ARCHITECTURE 
ceive the broadcast. nius, ttie data may be broadcast 5 

without exchanging a request-to-send (RTS) message [0013] FIG. 1 is a schematic diagram of an example 
and/or a clear-to-send (CTS) message ber.iveen the 

broadcasting node and the one or more neighbonng 

nodes. Additionaily, or alternatively, after the data has 
been broadcast, ttie broadcasting node may switch back 
to the control channel without receiving an acknowledge­
ment message from ttie one or more neigtiboring nodes 

indicating that the data was received. 

[0009] The broadcastin;J 1edmiquE,s am described 
herein in the context of a uiility mesl1 network including 
a plurality of nodes. WhilE, the te,chniques am describE,d 

in the context of a utility mesh network, the techniques 
may additionally, or alternativE,ly, be applicable 1o otrier 

ner.ivorks and/or other applications. As such, the nodes 
may include any device coupled to a communication net­
work and capable of sending andior receiving data. 

[001 OJ In various embodiments described herein, data 
may bE; broadcast in an efficient mannm. For example, 

by employing a multi-channel network having a control 

channel and multiple data channels, a node may com­
municate over Hie control channel while another node 

broadcasts data over a data channel. In addition, by uti­
lizing multiple data channels, a first node may broadcast 
data over a first data channel while a second node broad-

architeciure 100 of a multi-channel, wireless mesh net­

work in wl1ich a PTB message and/or daia can be broad­

cast. The architecture 100 includes a plurality of nodes 
10 i02A, 102B, ... 102N (coilectively referred to as nodes 

102) communicatively coupled to each other via direct 
communicaiion paUis. In Hiis example, N represents a 
number of nodes in an autonomous routing area (ARA), 
such as a wide arE,a network (IN/\N), metropolitan ama 

15 network (MAN), local area network (LAN), neighborhood 
area network (NAN), pE,rsonal ama m,1work (P/.\N), or 

the like. 
[0014] Each direct communication path may repmsent 
a plurality of cl1annels over which a node is able to trans-

20 mil and/or receive a PTB message and/or data. Each of 
the plurality of channels may be, defined by a fr'eque,ncy 

range which may be the same as or different from fre­

querncy raniies of othe,rs of Hie plurality of chanm;ls. In 
some instances, ihe plurality of channels comprises radio 

25 frequency (RF) channels. The plurality of channels may 
comprise a control dianne,I and multiple data channels. 

In some instances, the control channel is uliiized for com­
municating one, or more PTB messages to nodes to spec-

casts, or oHierwise communicaies, over a second data 30 

cl1annel. This may allow a network to increase data 

ify one of the multiple data channels, a modulation tech­
nique, and/or a data rate, to be utilized to broadcast data. 

Meanwhile, the data channels may be utilized for com­
munica1in;J data. Generally, transmissions on the control 
cl1annel are shorter relative to transmissions on ihe daia 

channels. 

througfiput compared to 1edmique,s which utilize a sing IE, 

channel. Further, by commurncating shorter messages 

on a control channel and broadcasting longer data (e.g., 
daia frames) on a data diannel, more nodes may corn- 35 

municate over the control channel compared to tech­

nique,s wriich utilize, a sinfjle chanm;I for communicatinfl 
short messages and long data. 
[0011] In addition, in sorm; instances, by broadcasting 
daia with a modulation tecl1nique and/or data rate ihat is 40 

detE,rminE,d based at least in part on capabilitie,s of om, 

or more nodes neighboring a broadcasting node, tl1e ca­

pabilities of the one or more neighboring nodes may be 
leveraged to decrease a time mquired to broadcasi the 

[0015] Each of Hie nodes 102 may be, implemented as 

any of a variety of conventional computing devices such 
as, for E,xample, smart utility meters (H.g., e,lectric, gas, 

and/or water meters), control devices, sensors (e.g., tem­
pe,rature sensors, weather stations, frE,querncy sEmsors, 

etc.), transformers, routers, servers, relays (e.g., cellular 
relays), switchE,s, valves, combinations of thE, foregoin;J, 
or any device couplable to a communication network and 
capable of sending and/or receiving data. In some cases, 
the nodes 102 may include different types of nodes (e.g., 

data. That is, the data may be broadcast with a modula- 45 smart meters, ceiiular relays, sensors, etc.), different 

lion tedmique and/or data rate Hiat requims less com­

munication time from among modulation techrnques 
and/or data rates that are, availablE, to tfie one or more 

generations or models of nodes, and/or nodes that oth­

erwise are capable of transmitting on different cl1annels 
and using diffarE;nt modulation te,chniques, data rates, 

protocols, signal stmngths, and/or power levels. In these neighboring nodes or that migl1t otherwise be utilize,d io 

broadcast the data. 
[0012] nie sections be,low are example,s provided ior 

the reader"s convenience and are not intended to limit 
i11e scope of ihe ciaims, nor Hie proceeding sections. 
Furthermore, the techniques described in detail below 

50 cases, the architecture 100 may represent a l1eteroge­

neous network of nodes. 

may be implemented in a number of ways and in a 55 

number of contexts. One example implementation and 
context is providE,d witri ref,mrnce 1o Hie followin;J figums, 
as described below in more detail. Additionally, tl1e fol-

3 

[0016] In the example of FIG. 1, the nodes 102 are also 
configured to communicate witl1 a central office 104 via 

an edge device (e.g., cellular relay, cellular router, edge 
routE,r, DODAG root, etc.) which serves as a conm,ction 
point of the ARA to a backhaul network(s) ·106, sucl1 as 
trie ln1erm,L In thE, E,xample illustrated E,xarnple, the nodE, 

"102A serves as a cellular relay to relay communications 
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from the other nodes 1 02B-1 02N of the ARA to and from 
the ceniral office 104 via the network(s) 106. 
[0017] The node 102B is representative of each of the 
nodes 102 and includes a radio 108 and a processing 

to tl1e baseband processor 116. 
[0021] In one implementation, all or part of il1e base­
band processor 116 may be configured as a software 
(SW) defined radio. In one example, the baseband proc-

unit 110. The radio 108 comprises an RF transceiver con- 5 essor 116 provides frequency and/or channel selection 
figured to transmit and/or receive RF signals via one or functionality to the radio 108. For example, the SW de-
more of a plurality of d1annels/frequencies. In some im­
plementations, each of the nodes 102 includes a single 
radio 108 configured to send and receive data on multiple 
different channels, suci1 as the control d1annel and mul­
tiple data channels of each communication path. The ra­
dio 108 may also be configured to implement a plurality 
of different modulation techniques, data rates, protocols, 
signal stren1Jtr1s, and/or power IE;vels. 
[0018] In some implementations, the radio 108 utilizes 
a modulation techniquE; and/or data rate associate,d with 
a previously defined standard. The modulation technique 
and/or data rate may be, associatE;d with a standard de­
fined by the Institute of Electrical and Electronics Engi­
neering (IEEE), such as the IEEE 802.11 standard, ihe 
IEEE 802.15 standard (e.g., 802.15.4), etc. In one exam­
ple, the modulation technique and/or data rate are se­
lected from U1e following non-exr1austive list: 

fined radio may include mixers, filters, amplifiers, modu­
lators and/or demodulators, detectors, etc., implemented 
in software executed by a processor or application spe-

10 cific integrated circuit (ASIC) or other embedded com­
puting device(s). The SW defined radio may utilize proc­
essor(s) 118 and software defined or stored in memory 
120. Alternatively, the baseband processor 116 may be 
implemented at least in part using anal0fl components. 

15 [0022] Tl1e processing unit 1·10 may include one or 
more processor(s) 1 i8 communicativE,ly couplE,d to 
memory ·120. The processing unit 110 may also include 
a clock 122 configurE;d to provide a clock signal and/or 
maintain a time. In one example, the clock signal is pro-

20 vided as an inpui to ihe processor 118. The clock 122 
may also be configured to provide one or more count-up 
or count-down timers. Such timers may be used 1n fre­
querncy f1oppin1J among multiple communication chan-· 
nels. 

Frequency Shift Keying (FSK) modulation with a data 25 [0023] The memory 120 may be configured to siore 
rate of 50 or 150 kbps; d1annel spacing of 200 or 
400 kHz; and/or a first channel starting at 902.2 or 
902.4 MHz. FSK modulation may utilize convolution­
al code forNard error correction (FEC). 
Orthogonal Frequency-Division Multiplexing 
(OFDM) with physical modulations of binary phase­
shift keying (BPSK), quadraturE; pf1ase--shift kE;yinfl 
(QPSK), and/or quadrature amplitude modulation 
(QAM) (e.g., 16-QAM); a data rate of 50, 100, 200, 

one or more software and/or firmware modules, wf1ich 
are executable on the processor(s) 118 to implement var­
ious functions. While ti1e modules are described herein 
as being software and/or firmware executable on a proc-

30 essor, in other embodiments, any or all of the modules 
may be implemented in whole or m part by hardware 
(e.ir, as an ASIC, a specialized proce,ssin\J unit, etc.) to 
execute the described functions. 
[0024] In the embodiment of FIG. 1, the memory 120 

300, 400, 500, or 800 kbps; and/or ci1annel spacing 35 includes a d1annel determination module 124, a commu­
of 400 or 800 kHz. OFDM may utilize convolutional nication module 126, a frequency hopping module 128, 
FEC wi1h }~ or % coding rate. 
Direct-sequence spread spectrum (DSSS) modula-

and a data dE;1ermination module 130. The, d1anm;I dfr· 
termination module 124 may determine a particuiar data 

lion with a physical modulation of offset quadrature d1anm;I from among multi pie data d1anm,ls to be utilized 
phase-shift keying (O-QPSK); a data rate of 31.25, 40 to broadcast data, a modulation tecl1nique to be utilized, 
125, 250, or 500 kbps; and/or channe,I dE;sign based 
on a previously defined standard, such as tl1e 
802.15.4 standard. DSSS may utilize convolutional 
FEC. 

[0019] In furthE;r E;xarnplE,s, the radio 108 may utilize a 
customized modulation techrnque. The customized mod­
ulation technique, may be associated with a data rate of 
6 or 10 kbps. 

and/or a data rate 1o be utilized. Tr1e particularda1a d1an-· 
nel, modulation technique, and/or date rate may be out­
put to the communication module 126. In some instanc­
es, ti1e channel determination module 124 maintains a 

45 location (e.g., frequency or frequency range) of a conirol 
channel and/or the multiple data d1annels. Additionally, 
or alternatively, the channel determination module 124 
rnay maintain a lis1 of availablE, data channels from 
among the multiple data d1annels. 

[0020] In the example of FIG. 1, the radio 108 includes 50 [0025] The communication module 126 may cause 
switd1ing of a communication d1annel utilized by the an antenna 112 coupled to an RF front end 114 and a 

base baseband processor 116. The RF front end 114 
may provide transmitting and/or receiving functions. The 
RF front end 114 may include highfrequency analog 
and/or hardware cornponE;nts that provide, functionality, 55 

such as tuning and/or attenuating signals provided by 
thE; antE;nna 112 and obtained from one, or more of tr1e 
nodes 102. The RF front end 1 ·14 may provide a signal 

4 

node 102 for communication. For example, the commu­
nication module 125 may cause ti1e node 102 to switch 
from a control channel io a data channel and/or from a 
data channel to a control channel. Tf1at is, the, commu-· 
nication module 126 may cause the radio 108 otihe node 
102 1:o tum; from a frequency associated with a control 
channel to a frequency associated with a data channel. 
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In addition, the communication module 126 may cause 
one or more PTB messages and/or data to be transmitted 
and/or received on a communication channel (e.g., con­
trol cllannel, data channel). Tile particular data cllannel, 
modulation technique, andior data rate indicated in the 
PTB message may comprise a particular data channel, 
modulation technique, and/or data rate input to ttie com­
murncation module 126 from the cllannel determ1nat1on 
module 124. 
[0026] nie frequency i1opping module 128 may be 
configured to communicate with the baseband processor 
116 and ttie clock 122. In one example, Hie frequency 
hopping module 128 is configured to obtain time infor­
mation and/or SE,t frequency-hopping 1im,m; in the clock 
122. Such time information and/or timers will indicate to 
thE, frE;qu,mcy hopping modulE; 128 whEm to "hop" or lune 
to a different channel or frequency. Additionally, the fre­
quency hoppinfJ module 128 may bE, configumd to direct 
the SW defined radio or other component of the radio 

other optical storage, magnetic cassettes, magnetic 
tape, magnetic disk storage or other magne,tic storage 
devices, or any other non-transmission medium ttiat can 
be used to store information for access by a computing 

5 device. As defined herein, computer-readable media 
does not include communication media, such as modu­
lated data signals and carrier waves. 
[0030] The network(s) 106, meanwhile, represents a 
backhaul network, which may itself comprise a wireless 

10 or a wired network, or a combination thereof. The net­
work(s) 106 may be a collection of individual networks 
interconnected wiUi each other and functioning as a sin­
gle large network (e.g., the Internet or an intranet). Fur-
1hm, Hie individual nE,1works may be, wirE;less or wimd 

15 networks, or a combination thereof. 
[0031 J nie central office 104 may be implemented by 
one or more computing devices, such as servers, per­
sonal computE,rs, laptop compute,rs, e,tc. ThE, one, or more 
computing devices may be equipped witll one or more 

108 to perform the actual frequency changes. Accord- 20 processor(s) communicatively coupled to memory. In 
some examples, the central office 104 includes a cen­
tralized meter data management system which performs 
processinfJ, analysis, s1orafie, and/or management of da-­
ta received from one or more of the nodes 102. For in-

ingly, ttie frequency hopping module 128 is able to re­
peatedly sllifi between agreed upon frequencies, at 
aiimed upon tirm;s and communicate with anoHier 
node(s) for agreed upon periods of time and in agreed 
upon protocols. 
[0027] The data determination module 130 may deter­
mine whether data to be broadcast has already been 
received. nie determination may be based at least in 
part on a data ID included in a PTB message of the data 
ii1at wil! be broadcast. The data determination module 
130 may compare this data ID witl1 data IDs associated 
with othE,r data (e.fJ., data packets) tfiat have bE,en pre­
viously received. 

25 stance, the central office 104 may process, analyze, 
store, and/or manage data obtained from a smart utility 
meter, sensor, control device, router, regulator, server, 
relay, switch, valve, and/or oti1er nodes. Although the 
example of FIG. 1 iiiustrates the central office 104 in a 

30 single location, in some examples the central office 104 
may be distributed amongst multiple locations and/or 
may be eliminated entimly (e.fJ., in 1hH case of a higfily 
decentralized distnbuted computing platform). 
[0032] FIG. 2 iilustrates an example environment 200 [0028] In some implementations (e.g., when tile node 

is a utility meter), ii1e memory 120 may also include a 
metrology module configured to collect consumption da­
ta of one or more resourcE,s (H.g., E,lectricity, water, nat-­
ural gas, etc.), which may then be transmitted to one or 

35 for broadcasting data from a broadcasting node 202 to 
one or more neighboring nodes 204A and 2048. The 
nodes 202--204 may be similar to or the samE, as Hie 
nodes 102 in FIG. 1. The neigl1boring nodes 204A and 

morE, o1hHr nodE,s 102 for HvEmtual propagation 1o Hie 2048 may be locatE,d within a prE;determined proximity 
central office 104 or another destination. 40 to tile broadcasting node 202 such that the broadcasting 
[0029] The rrnmiory 120 may comprise computE,r­
readable media and may take the form of volatile mem-
ory, such as random access memory (RAM) and/or non­
volatile memory, sudi as read only memory (ROM) or 
flash RAM. Computer-readable media includes volatiie 45 

and non-volatile, removable and non-removable media 
implemented in any method or technology for storage of 
information such as computer--readable instructions, da--
ta structures, program modules, or other data for execu-
tion by one or more processors of a computing device. 50 

Examples of computer-readable media include, but are 
not limited to, phase change memory (PRAM), static ran­
dom-access memo;y (SRAM), dynamic random-access 
memory (DRAM), otller types of random access memory 
(Rf\M), read-only memory (ROM), elE;ctrically erasablE, 55 

programmable read-only memory (EEF'ROM), flash 
rm;mory or other memory tE,chnolOflY, compact disk mad-· 
only memory (CD-ROM), digital versatile disks (DVD) or 

5 

node 202 may communicate with the neighboring node,s 
204A and 2048. Althougll the following description refers 
to the node 202 as a broadcasting node and tile nodes 
204A and 2048 as nodes Uiat receive the broadcast data, 
it shouid be understood that many nodes can function as 
both a broadcasting node and a receiving node as need­
ed. 
[0033] In somE, instancE,s, the broadcas1infl tedmiques 
described below refer to various layers ornie nodes 202, 
204A, and 204B that may be based at least in part on 
the Open Systems Interconnection (OSI) Model or the 
iike. In the OSI Model, tile nodes 202, 204A, and 204B 
may each include a pluraiity of layers, such as a Physical 
Layer, a Data Link Layer, and one or more additional 
layE;rs. In particular implementations, thE, Data Link LayE,r 
includes a Media Access Control (MAC) sub-layer 1mple­
mentinfl various functionality. /.\!though the following de­
scription refers to specific layers for implementing various 
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functionality, it should be appreciated tl1at the function­

ality described below may be otherNise implemented by 
U1e nodes 202, 204A, and 2048. 

mining a modulation technique and/or data rate that is 

common to the nodes 202, 204A, and/or 204B from 
among a plurality of modulation tedrniques and/or data 
rates that are available. The broadcasting node 202 may [0034] In the example of FIG. 2, a MAC sub-layer of 

the broadcasting node 202 may receive a command from 

another layer of the broadcasting node 202 requesting 
to broadcast data. Tt1e command may be received from 

an upper layer of the broadcasting node 202, that is, a 

5 determine a modulation technique and/or data rate that 

provides a longest communication range, provides a 
maximum data rate, and/or is less susceptible to inter­

ference from among modulation techniques and/or data 
layer that is further removed from a physical layer of the rates that arE; availablE, and/or common to the nodE;s 202, 
broadcasting node 202 than ti1e MAC sub-layer. In some 10 204A, and/or 2048. 

embodiments, the command may request that the data [0039] After determining the particular data channel, 
be broadcast witi1 a specific modulation tedrnique and/or 
at a data rate. While in other embodiments, the command 
merely requE,sts that the data be broadcast. 

modulation technique, and/or data rate, the broadcasting 

node 202 may transmit (e.g., an RF broadcast) a PTB 

mE,ssa;ie on a control channel. As noted above, thE; PTB 
[0035] After receiving the command, tl1e MAC sub-lay­
er of the broadcasting node 202 may de,termine a partic-• 

ular data channel from among multiple data channels. 
ThE, dE;termination may bE, based at IE,ast in part on a list 

of available data channels that are currently available tor 

15 message may indicate the particular data cl1annel, mod­
ulation te,chnique, and/or data rate determined to be uti­

lized to broadcast the data. In addition, tl1e PTB message 
may include a data ID identifying the data to be broadcast. 

communication. The list of available data channels may 20 

be maintained in memory of a node, (e.g., node 202, 

204A, and/or 204B) and may be updated based at least 
in part on communications rece,ived from one or morE, 

other nodes indicating that a cl1annel may be busy (e.g., 

[0040] Tl1e PTB message may be transmitted to one 
or more neighboring nodes that are listening on the con­

trol channel (e.g., U1e nodes 204/.\ and/or 204B). In some 

examples, the PTB message is transmitted with the same 
modulation tedmique and/or at thE; samE, data ratE; that 

wili be utilized for broadcasting tl1e data. Furthermore, in 
utilized for communication) for a period of time. In FIG. 25 some examples, the PTB message is transmitted by uti­
2, the data channel M repmsents the, data channel that 
is determined for broadcasting the data. In the architec-

lizing an access meU1od, such as U1e carrier se,nse mul­
tiple access with collision avoidance (CSMA/CA) meth­
od. In the e,xample arct1itecture 100 of FIG. 1, the com­

munication module 126 may cause the PTB message to 
ture 100 of FIG. 1, the, determination of U1e particular data 

channel may be performed by the channel determination 
module 124. 30 be, transmitted. 

[0036] The broadcasting node 202 may additionally, 
or alternatively, detmmine, a particular modulation tE;ch­

nique and/or data rate to be utilized for broadcasting tl1e 

data. When a modulation technique and/or data rate are 
specified in a command receive,d from an upper laye,r of 35 

the broadcasting node 202, the specified modulation 

tE;chnique and/or data ratE, am sE;lecte,d for broadcastinfl 
the data. However, wl1en a modulation technique and/or 
data rate are not specified in the command, tf1en thE; MAC 
sub-layer of the broadcasting node 202 may determme 40 

a modulation tE;chnique and/or data rate to be, utilized for 

broadcasting the data. Tl1e determination may be based 
at least in pati on capabilities of the nodes 202, 204A, 
and/or 2048. 
[0037] As noted above, the nodes 202, 204A, and/or 45 

2048 may comprise different generations and/or types 

of nodes, such as smart utility meters, sensors, control 
devices, transformers, routers, serw;rs, relays, switchE,s, 

valve,s, or a combination the,reof. In ti1is case, the nodes 
202, 204A, and/or 204B may employ or be capable of 50 

employing diffemnt modulation te,chniques and/or data 

rates. Such capabilities (e.g., modulation techniques, da-
ta rates, etc.) may be determined base,d on, for example, 

a previous communication from one or more of the nodes 
202, 204/\, and/or 2048 1 other nodBs, a ce3ntral offlce 1 55 
and/or other devices. 
[0038] Accordin;J!y, in some instancE,s, the broadcast-· 
ing node 202 may leverage these capabilities by deter-

[0041] In some implementations, the PTB message is 
transmitte,d whEm thE; PT8 messagE, is shortE;r in IEmgth 

t11an the data to be broadcast. That is, the PTB message 
may bE; transmitted if it include,s fower bits and/or bytes 

than the data. In sud1 circumstance,s, a broadcasting 

node may confirm that the PTB message is shorter in 
!,m;Jth befom transmitting tf1e PTB mE,ssage. If a numbE,r 

of bits or bytes of the data is greater than or equal to a 
number of bits or bytes of the PTB mHSSajJE;, thE;n thE, 

broadcasting node may proceed to transmit the PTB 
mE,ssa;Je. Wf1en thE; PTB mE,ssa;ie is not shorter in IEmgth 
t11an the data, then the data may be directly transmitted 
on a control channel and/or data channel without trans­
mitting a PT8 me,ssage. 
[0042] Meanwhile, the one or more neighboring nodes 
listening on the control channel (e.g., ti1e nodes 204A 

and/or 2048) may receive the F'TB message and deter­
mim; whether thE, data has be,en previous!y mceived. In 
some, instance,s, the one or more neighboring nodes each 

include a list of data IDs corresponding to data (e.g., data 
packets) that have been previously received by tt1e node. 
The list of data IDs may be included in a table. Here, the 
one or more neighboring nodes may each compare a 
data ID provided in the PTB message with the I isl of data 
IDs. Wh,m thE, comparison indicates that thE; data ID of 

t11e PTB message iS not included in the list, then the one 
or more neigf1boring nodes may dE,termine that the data 

to be broadcast has not been previously received. In tl1e 
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archiiecture 100 of FIG. 1, the daia determination module 

130 may determine whether data has been previously 
received. 

[0043] When the data has not been previously re­

ceived, ttie one or more neigtiboring nodes may switch 

to the particular data channel and begin listening for the 

daia. When ihe data has been previously received, the 

one or more neighboring nodes may continue listenmg 

on the control channel for other messages. In the archi-

and/or IEEE 802:15 standard. 

[0047] In some implementations, the data broadcast­

ing process is repeated a number of iimes. That is, the 

PTB message is retransmitted a number of times and 
5 the data is rebroadcast after ead1 retransmission of the 

PTB message. The number of times may be specified 
by a layer, such as a MAC sub-layer or an upper layer 

of a node (e.g., a layer above the MAC sub-layer). In 

instances where the upper layer specifies the number of 
lecture 100 of FIG. 1, Hie communication module 126 10 limes to rebroadcast the data, Hiis number may take pri-

may cause the radio 108 to tune the particular data chan­

nel. 

[0044] The broadcasting node 202 may switch to the 

particular data channe,I after transmittin\J the PTB mes­
sage. The broadcasting node 202 may then begin broad­

casting (e.fl-, transmittinfl) the data over the particular 

daia channel based at least in part on the modulation 
tE;chnique and/or data rate pmviously det,mnined for 

broadcasting the data. In some instances, the data is 

ority over a number determined and/or specified by the 
MAC sub-layer. This rebroadcasting process may pro­

vide another opportunity for one or more neighboring 

nodes to remivE; Hie PTB message and/or the, data, which 

15 may not have been received due to, for example, 1nier­

forEmc,, and/or a communication tr1at involved the one, or 

more neighboring nodes while the PTB message and/or 
data was pmviously transmitte,d. 

broadcast after a predetermined time interval has expired 20 EXAMPLE BROADCASTING WITH FREQUENCY 
since the PTB message was transmitted. The predeier­

mmed time interval may comprise a Short Inter-Frame 
Space (SIFS) definE;d by, for example, the, IEEE 802.11 

and/or 802.15 siandard. After tl1e data has been broad-

HOPPING 

[0048] FIG. 3 illustrate,s an e,xample, fmqu,mcy fioppin\J 

process 300 wl1ich may be utilized in broadcasting daia 

cast, the broadcasting node 202 may switch back to the 25 in a multi-channel network. Frequency hopping generally 

conirol d1annel. In Hie archileciure 100 of FIG. 1, the 
communication module 126 may cause switching (i.e., a 

change in a tuned frequency) io and from Hie particular 

data channel and cause the data to be broadcast 

includes the sequential tuning, by one or more modes, 

of one or more channels (e.g., a control channel and/or 

datachannel(s))as a function of time. Moreover, a control 

channel may be repeatedly redefining from a first channel 
[0045] The one or more neighboring nodes (e.g., the 30 (e.g., first RF frequency range) ai a particular time to a 

nodes 204A and/or 204B) may listen on the pariicular second channel (e.g., second RF frequency range) at a 
data channel for thE; data. In some instancE;s, tr1e onE; or 

more neighbonng nodes may each receive il1e daia over 

the pa1iicular data channel by utilizing the modulation 

iedrnique and/or data rate specified in the PTB message. 

The one or more neighboring nodes may each switch 

back to the control d1annel after the data fias been re­

ceived. In oil1er instances, the one or more neighboring 

diffemmt time,, and so on. Be,cause thE; timing of the hop-· 

ping is synchronized, nodes are able to move between 

channels in a harmonized manner-e.g., tuning a same 
35 data channel ai a same time, iransmitting/receiving data 

for a same period of time, and then tuning a same control 

channel frequE;ncy at the, same, tirne, etc. 

nodes may not rE;ceive, thE; data afte,r a predete,rmine,d 

iime period has expired (e.g., a iimeout penod), and may 40 

[0049] To illustrate, in FIG. 3 a control channel 302 is 
mde,fined as a function of time, such that the, control chan-

nel 302 is located at a channel 1 at a time t0, at a channel 
3 at a tirm; t.1, and at a channel 11,f-1 at a tirm; t2. Whe;n 

t11e control channel 302 is located at a particular channel, 

then the other channels may comprise data channels. 

switch back to the control channel after the predete,r­

mined time penod has expired. 

[0046] As noted above, in some instances, the data is 
broadcast without receiving any communication from one 

or more neighboring nodes. For example, the broadcast- 45 

As illustrated, each of the diannels 1-M is defined by a 

frequency range. For instance, the channel 1 is defined 

betwee;n a frequE;ncy f0 and f1. ing node 202 may broadcasi ttie data wiHiout knowing 

whether the one or more neighboring nodes are available 
to rece,ive the broadcast. That is, the data may bE; broad-· 

cast wiHiout exchanging a requesHo-send (RTS) mes­

sage and/or a clear-to-send (CTS) message between the 

broadcasting node 202 and ii1e one or more neighboring 

nodes. Additionally, or alternatively, after the data has 

been broadcasi, ttie broadcasting node 202 may switch 
back to the control channel without receiving an acknowl­

edge,memt message from Hie one or more m;i;Jhborinfl 

nodes indicating il1at the data was received. The RTS, 

CTS, and/or acknowlEldfiement rm;ssa;ies may be dE;-­

f1ned in part by a standard, such as the IEEE 802.11 

[0050] Tl1e example frequency hopping of FIG. 3 may 

be, associatE;d with a fmquency hoppin;J sE;quemce. This 

sequence may be iransmitted to one or more nodes of a 
so netvvork that may uti!ize the channels 1-rvt In some in­

stances, ihe sequence is transmitted from a particular 

node in the network that will initiate the frequency hop­

ping. Ttie particular node may comprise, for example, a 

coordinator of the network, such as a PAN coordinator. 

55 [0051 J It sfiould be appre~ciated that the frequemcy hop-· 

ping process 300 illustrated in FIG. 3 is an exemplary 

promss, and that the, fmquency hopping process 300 

may be implemented in other manners andior based on 
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oiher hopping sequences. For example, although the fre­
quency hopping of FIG. 3 utilizes a hopping sequence 
ii1at i1ops the control channel 302 from d1annel 1 to chan­
nel 3, and then from channel 3 io channel M-1, a different 
hopping sequence may be utilized io hop ti1e control 
channel 302 to any of the channels 1-M in any order. 
[0052] In one implemeniation, a node wishing to broad­
cast data may perform a number of data broadcasts over 
a numberofchannel hops. For example, when the control 
channel 302 is defined ai channel 1, ii1e node may trans­
mit a PTB message over the control channel 302 indi­
cating that data will be broadcast on a particular daia 
channel (e.g., any of channels 2-M). The node may then 
switch (e.fJ., tune) to Hie particular data channel and 
broadcast t11e data over ihe pa1iicular data channel. 
[0053] ThHrE,after, tfie node, may repeat thE, data broad-· 
casting process when the control channel 302 is defined 
at chanm,I 3. Trial is, wh,m Hie control channel 302 is 
located at channel 3, the node may transmit another PTB 

particular implemeniations, the MAC sub-layer of the da­
ta link layer may be uiilized to transmii a PDU between 
two or more of the nodes 102. FurHier, in some irnple­
meniations, an access method may be utilized to transfer 

5 PDUs, such as ii1e carrier sense multiple access wiii1 
collision avoidance (CSMA/CA) method. 
[0057] As discussed above, the PTB frame 400 may 
be used io inform neigl1boring nodes il1at a node wishes 
to broadcast data. The PTB frame 400 will be described 

10 with reference lo the example network of archileciure 
100 of FIG. 1. However, the example PTB frame 400 is 
not limited to use with Hie example architecture 100, and 
may be implemented using other architectures and de­
vices. 

15 [0058] As shown in FIG. 4, the PTB frame inciudes the 
fol!owin\J fields: frame control (FC), SE,quemce number, 
destination personal area network (PAN) identitier, des­
tination address, source, Pf\N id,mtifier, source addrE;ss, 
auxiliary security header, payload, and frame check se-

message over the control channel 302 indicating that ihe 20 quence (FCS). Details of the foregoing fields of the 
same data will be broadcast on a pariicular data channel 802.15.4-based PTB frame oiher than the payload are 
(e.g., any of channels 1, 2, or 4-M). The node may t11en 
switch (e.fJ., tune) to Hie particular data channel and 
broadcast the same data over the particular data cl1an-

well known to those skilled m the art and are not described 
in de,tail herein. Tfie payload of tfie PTB frame, r10we,ver, 
is cusiomized to implemeni the broadcasting tecl1niques 

nel. The data broadcasting process may be repeated any 25 described above, as well as other functionalities. The 
number of iirnes specified by a layer, sud1 as a MAC 
sub-layer or an upper layer of the node. Bei'Neen each 
rebroadcast, Hie control channel 302 and/or data diannel 
may be frequency hopped to different channels. 
[0054] In some instances, this rebroadcasting process 30 

may ailow il1e PTB message and/or data to be retrans­
mitted on a diffomnt channel than that utilized in a pre­
vious iransmission. In such instances, ihis may provide 
another opportunity for one or more neighboring nodes 

payload may be variable in size and may include, for 
example, one or more of the following fields: 

Type: This field indicates a type of the frame, e.g., 
RTS, CTS, etc. In Hie example of FIG. 4, tfiis field 
indicates that il1e frame is a PTB frame. 
HW: Tfiis field indicates a modulation lE,chnique 
andior data rate il1at are determined at a broadcast­
ing node and ihat will be utilized io broadcast data. 

io receive a PTB message and/or data, whidi may not 35 • Duration: Tfiis field indicates a total expected time 
have been received due to, for example, interference on for transmiiting data frame(s) specified in the PTB 
a channel utilizE,d in the prE,vious transmission. 

EXAMPLE PREPARE-TO-BROADCAST PROTOCOL 
DATA UNIT 40 

[0055] FIG. 4 illustrates an example prepare-to-broad­
cast (PTB) protocol data unit (PDU) 400 which may be 
iransmitted in a multi-channel network. This frame ex-

frame. The, duration may includE, time to transmit Hie 
specified data frames, waiting times sucl1 inter-frame 
spacing (IFS) (H.g., SIFS, DIFS, etc.) be,rm,en 
frames, and acknowiedgmeni (ACK) or non-ac­
knowlE;dgement (N/.\CK) re~sponses. nie duration 
field may be used io determine a duration that a node 
will be busy communicating with another node and 
ti1erefore unavailable to receive. 

ample is based on the frame format described in 802.15.4 45 • 

standard. Ttie term POU is used to herein to refer gen-
Channel: This field indicates a data channel that will 
be utilized to broadcast data. 

erally to any commurncation, message, or transmission 
within a communication m;twork, sudi as trial shown in 
FIG. 1. The ierrn POU is based, at least in concept, on 
ihe OSI Model and may comprise, for example, a bit, a 50 

frame, a packet, a segment, etc. In the example of FIG. 
4, the prepare-to-broadcast PDU 400 is illustrated in ihe 
iorrn of a frame. 
[0056] In some instances, one or more layers of the 

Oaia Raie (DR) parameters: This fieid indicates a 
data ratE, to bE, utilized to broadcast data. 
Data ID: This field includes an ID of a data PDLJ 
(e.g., data packet) to be broadcast. This field may 
be utilized to, for example, determine iflhedata POU 
to be broadcasi has been previously received at a 
node receiving Hie PTB frame. 

OSI model may be utilizE,d to transmit one or more PDUs 55 EXAMPLE PROCESSES 
between nodes. For example, the data link layer of il1e 
OSI modE,! rnay bE, utilizE,d to transmit a PDU betweEm 
i'vVo or more of the nodes ·102 in the architecture 100. In 

8 

[0059] FIGS. 5-6 illustrate examplE, processes 500 and 
600 of transmitiing or receiving a PTB message over a 
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control channel indicating that data wiil be broadcast on 
a particular data channel and broadcasting or receiving 
ti1e data over the particular data diannel. In FIG. 5, the 
process 500 may be performed by a node that will trans­
mit a PTB message and/or data. While in FIG. 6, the 
process 600 may be performed by a node that will receive 
ti1e PTB message and/or data. However it should be un­
derstood that every node can function as both a broad­
casting node and a receiving node as needed. 
[0060] nie processes 500 and 600 (as well as each 
process described herein) are illustrated as a logical flow 
grapti, eadi operation of wtiich represents a sequence 
of operations that can be implemented in hardware, sofi­
warE;, or a combination th,m,of. In the, context of software, 
the operations represent computer-executable instruc­
tions stomd on om, or more computer--readable storafie 
media that, wl1en executed by one or more processors, 
pe,rform tfie recited ope,rations. Generally, computE;r-e,x­
ecutable instructions include routines, programs, ob-

[0065] At operation 512, il1e control channel and/or da­
ta channels are frequency hopped, i.e., their frequency 
ranges are redefined al periodic inte,rvals. Although the 
process 500 includes performing the operation 512, in 

5 some instances the operation 512 is not performed. Re­
ferring again to the example of FIG. 1, the frequency hop­
ping module 128 may perform the operation 512. 
[0066] After the broadcasting node has sequentially 
tuned ("hopped between") the control channel and/or da-

10 la channels, the broadcasting node may return to the 
operation 502 and pe1form the operations 502-512 again 
(e,.g., retransmit PTB me,ssage and/or data). Here, the 
operations 502-512 may utilize, in part, the hopped con­
trol dianne,I and/or hoppE;d data channels. The, opma--

15 lions 502-512 may be performed a number of times. 
[0067] Me,anwhile,, in FIG. 6, the, process 600 is pm­
formed by a node that may receive data that is broadcast. 
Ai operation 602, a mcE;ivinfl node, mcE;ive,s a messafie 
over a control channel indicating that the data will be 

jects, components, data structures, and the like that per- 20 broadcast on a particular data channel. The message 
may comprise a PTB message and may indicate a mod­
ulation technique and/or data rate to be utilized to broad­
cast tfie data. Refe,rrinfl to the, e,xample of FIG. 1, tr1e 
communication module 126 may perform the operation 

form particular functions or imple,ment particular abstract 
data types. The order in which t11e operations are de­
scrib,,d is not inie,ndE;d to bE; construe,d as a limitation, 
and any number of the described operations can be com­
bined in any order and/or in parallel to implement the 25 602. 
process. 
[0061] In FIG. 5, the process 500 is performed by a 
node that will broadcast data. f.\t ope,ration 502, a broad­
casting node determines a particular data channel for 
broadcasting data. f.\t 502, ttie broadcasting node may 30 

also determine a modulation technique and/or a data rate 
for broadcastin;J the, data. Re,ferrin;J to the, example of 
FIG. 1, t11e channel determination module 124 may per-

[0068] Ai operation 604, the receiving node, deter­
mines whether the data has been previously received. 
The receiving node may utilize a data ID included in the 
PTB message to determine whether the data has been 
previously received. For e,xample, the determination may 
be based on a companson of tl1e data ID in the PTB 
me,ssa;ie with data IDs associated with previously m-­
ce1ved data (e.g., data packets). Referring again to the 

form the operation 502. example of FIG. 1, the data determination module 130 
[0062] At operation 504, the broadcasting node trans- 35 may perform ti1e operation 604 and dete,rmine, if the data 

was previously received. 
[0069] In some instance,s, when the, data r1as not be,m 
previously received, the receiving node proceeds to op­
E;rations 606, 608, and/or 610. At ope,ration 606, the, re-

mits a message over a control channel indicating that the 
data will be broadcast on the, particular data channe,L The, 
message may compnse a PTB message and may indi­
cate, the de,tmminE;d modulation tE;chnique, and/or data 
rate to be utiiized to broadcast the data. Referring to the 
example, of FIG. 1, Hie communication module, 128 may 
perform the operation 504. 

40 ceiving node switches to the particular data channel by 

[0063] At operation 506, the broadcasting node switch-
e,s (e,.g., tunes) to the particular data channel de,termined 

tuning a radio of the, rece,ivin;J node. f\t ope,ration 608, 
t11e receiving node listens on the particular data channel 
forthedata.Atoperation 610, the receiving node receives 
the data over Hie particular data channel. Referring to 

in the operation 502. Referring to the example of FIG. 1, 45 the example of FIG. 1, the communication module 126 
the communication module 126 may perform the opera­
tion 506. f.\t operation 508, the broadcasting node broad­
casts the, data over the, particular data chanm,I. The, data 
may be broadcast based at least in part on the, modulation 
technique and/or data rate determined in the operation 50 

502. Referring lo the, example of FIG. 1, the, communi­
cation module 126 may perform the operation 508. 
[0064] At operation 510, Uie broadcasting node switch-
es to the control channel by tuning a radio of the broad­
castin;J node,. Tfie opmation 510 may be, pe,rformed after 55 

the data has been broadcast over the particular data 
channe,1. Re,ferring to the, example of FIG. 1, Hie commu-­
nication module 126 may perform the operation 510. 

may perform the operations 606, 608, and/or 610. 
[0070] At operation 612, the receiving node switches 
to the, control channe,1. In some, instances, the, opEm=;tion 
612 may be performed afte,r ti1e data has been receive,d. 
In other instances, the operation 612 may be performed 
after a predetermined time period has expired since 
switching to the particu!ar data channel. Here, the oper­
ation 610 may not be performe,d. Referring to ttie example 
of FIG. 1, the communication module 126 may perform 
the, operation 612. 
[0071] In an embodiment there is provided a meil1od 
implE;me,nte,d in a mulfr-channe,I ne,twork r1aving a control 
channel and a pluraiity of data channels, comprising: 
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under control of a node configured with computer­
executable instructions: 

transmitting or receiving, by the node, a mes-
sage on the control channel indicating: (i) data 5 

will be broadcast on a particular data channel of 
ttie plurality of data ci1annels, and (ii) a modu­
lation technique of the broadcast; 
switching, at the node, to the particular data 

[0077] Optionally, transmitting or receiving the mes­
sage includes transmitting the message on the control 
channel, and 
broadcasting or listening for a broadcast of the data in­
cludes broadcasting the data on the particular data dian­
neL 
[0078] Optionally, transmitting or receiving the mes­
sage includes receiving the message on the control chan­
nel, 

channel based at least in part on the transmitted 10 broadcasting or listening for a broadcast of the data in­
or received message; eludes listening for the broadcast of the data on the par-
broadcasting or listening for a broadcast of the 
data on the particular data channel based at 
least in part on the modulation tE;chnique; and 
switching, at the node, to the control channel 15 

after thE, data has be,en broadcast or a pmdE;-­
termined time period has expired. 

[0072] Optionally, the method further compnses: 

ticular data channel. 
[0079] Optionai!y, the method further comprises: 

determining that tl1e data has not been previously 
recHiVE;d, 
wherein the switching to the particular data channel 
include,s switdiing to the particular data channel in 
response to determirnng that the data l1as not been 

20 previously received. 
de,termining Hie particular data channel, Hie modu­
lation technique, and a data rate for broadcastmg 
tfie data; and 
confirming that a number of bits or bytes of the data 
is greater than a number of bits or bytes of the mes- 25 

sage, 
wherein the message indicates that the data wiil be 
broadcast on ttie determined particular data diannel 

[0080] Optionally, the method further compnses: 

receiving the data on the particular data channel after 
switching to the particular data channel, 
wtierein the switching to the control ci1anne,I includes 
switching to the control channel after receiving the 
data on the particular data ciiannel. 

with the determined modulation technique and at the 
de,termined data rate, if the number of bits or bytes 
of the data is greater than a number of bits or bytes 
of tfie mE,ssa;Je. 

[0073] Optionally, the determining ineiudes determin­
ing the modulation tecimique, based at least in part on 
capabilities of other nodes located within a predeter­
rninE;d proximity to Hie node. 

30 [0081] In anottier embodiment, there is provided one 
or more computer-readable media storing the computer­
exE;cutable, instructions tfiat, whEm exE;cuted by om; or 
more processors of the node, configure tl1e node to per­
form the method of any of the preceding embodiments. 

35 [0082] In another embodiment, Hiere is provided a net­
work. computing device of a multi-channel nei'Nork having 
a control channel and a plurality of data dianm,ls, corn-· 
prising: [0074] Optionally, the determined modulation tech­

nique comprises a modulation techniquE; that provides a 
longest communication range from among a plurality of 40 

modulation tedmiquE,s triat are, available to other nodes 
located within a predetermined proximity to the node. 
[0075] Optionally, the method further comprises: 

receiving, at a media access control sub-layer of the 45 

node and from anothe,r layer of thE, node, a command 
requesting to broadcast the data with the modulation 
technique,, and 
whemin the modulation technique indicate,d in the 
message comprises the modulation technique iden- 50 

tif1ed in the command. 

[0076] Optionally, the, broadcasting or liste,ning for a 
broadcast of the data includes broadcasting or listening 
for a broadcast of Hie data after a pmdE;termined tirm, 55 

interval has expired since the message was transmitted 
or recE,ived on Hie control channel, the prede\E;miim,d 
time interval comprising a short inter-frame space. 

10 

one or more processors; 
memory cornmunicativE,lycoupled to the one or more 
processors; and 
one or more modules stored in the memory and ex­
e,cutable on ti1e one or more processors to perform 
acts including: 

determining (i) a particular data channel from 
the, plurality of data channels for broadcasting 
data, and (ii) a modulation technique for broad­
casting the data; 
transmitting a message, over the control channel 
indicating that the data will be broadcast on the 
particular data channel according to the, modu­
lation technique, the data comprising a number 
of bits or bytes trial is greater than a numbe,r of 
bits or bytes of the message; 
switchinfl to the particular data dianm,I; 
broadcasting tl1e data over the particular data 
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channel based at least in part on the modulation 
technique; and 
switching to the control d1annel after the data 
has been broadcast. 

[0083] Optionally, the acts further include: 

retransmitting the message over t11e control channel 
a predetermined number of times that is specified 

5 

modulation technique, the message includ­
ing fewer bits and/or bytes than the data; 
switching to the particular data ci1annel 
based at least in part on the message; 
broadcasting or listening for a broadcast of 
the data via the particular data channel 
based at least in part on the modulation 
technique; and 

by an upper layer above a media access control sub- 10 

layer of the network computing device; and 
rebroadcasting tf1e data over the particular data 
channel after each retransmission of the message. 

switching to the control channel after the da­
ta i1as been broadcast or a predetermined 
time period has expired. 

2. The network computing device of claim 1, wherein 
the acts further comprise: 

[0084] Optionally, the transmitting the message in- 15 

eludes transmittinfl thE; message over the control channel dE;termininfl the modulation tedmiquE, based at 
wl11ch is located on a first channel of the network, and least in part on capabilities of other nodes locat-
the acts further includE;: E;d within a predetE;rmim;d proximity to the net-· 

work computing device. 
redefining the control channel from the first channel 20 

to a second channel of the nE;twork; and 3. The ner.ivork computing device of claim 1 or claim 2, 
wherein tl1e modulation technique comprises a mod­
ulation tE,chnique tf1at provides a lonfiest cornmuni-· 
cation range from among a plurality of modulation 
techniques that are available to other nodes located 
within a predetermined proximity to the network com­
puting device. 

retransmitting the message over t11e control channel 
wf1en Hie control channel is redefined to tf1e second 
channel. 

[0085] Optionally, U1e acts further include: 

rebroadcasting the data over a data channel of the 
plurality of data channels after the control channel 
has been redefined to ti1e second ci1annel and the 

message has been retransmitted. 

CONCLUSION 

25 

4. The nei'Nork computing device of any of claims 1-3, 
30 wf1erein the broadcasting or listening for a broadcast 

of the data comprises broadcasting the data, without 
havinfJ mcE,ived a communication from a neifJhbor-• 
ing node that indicates an availability of the neigh­

boring node to receive the data. 
[0086] AIH1ough ernbodirnents i1ave been described in 35 

language specific to structural features and/or method- 5. The network computing device of any of claims 1-4, 
ological acts, it is to bE, undE;rstood that the disclosure is 
not necessarily limited to the specific features or acts 
described. RathE;r, the specific features and acts are dis-· 

wh,m,in Hie data comprises consumption data of one 
or more resources. 

closed herein as illustrative forms of implementing the 40 6. The network computing device of any of claims 1-5, 
embodirm;nts. 

Claims 

1. A network computing dE;vice cornprisinii: 

one or rnorB processors (118); 
memory (120) communicatively coupled to the 
one or more processors; and 
one or more rnodulesstored in the memory (120) 
and executable by the one or more processors 
to performs acts comprising: 

transmittinfl or recE;iving a rnessaiie via a 
control channel indicating tl1at data will be 
broadcast via a particular data channel of a 
plurality of data channels according to a 

45 

wh,m,in the switd1in1J to the control d1annel corn-· 
prises sw1tch1ng to the control channel witl1out hav­
ing received an acknowledgement message indicat­
ing ii1at the data was received. 

7. Tf1e network computing device of any of claims 1-6, 
wherein tl1e acts further comprise: 

determining ti1at the data f1as not been previ-
50 ously received based at least in part on a data 

identifier in ti1e message that identifies tf1e data 
that will be broadcast; 
wherein the switching to the particular data 
channel comprises switching to the particular 

55 data channel in response to detmmining that Hie 
data has not been previously received. 

8. A method implemented in a multi-channel network 
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having a conirol channel and a plurality of data cl1an- switching to the control channel comprises switcl1ing 
nels, comprising: to the control channel without having received an 

acknowledgement message indicating that the data 
under control of a node configured with compu- was received. 
!er-executable instructions: 5 

determining that a number of bits or bytes 
of data to be broadcast is greaier than a 
number of bits or bytes of a message; 
transmitting (504) the message via the con- 10 

trol channel based at least in part on deter­
mining that the number of bits or bytes of 
the data is greater than the number of bits 
or bytes of the messafie, tf1e rm;ssa;ie indi­
cating that the data will be broadcast on a 15 

particular data channel of 1hE; plurality of da--
ia channels; 
switchinii (506) 1o thE; particular data chan­
nel; 
broadcasting (508) the data via the partic- 20 

ular data channel; and 
switching (510) to the control channel after 
U1e data has be,rn broadcast. 

9. The method of claim 8, further comprising: 

determining a modulation technique for the 
broadcasting based at least in part on capabili­
ties of other nodes located within a predeter-

25 

mined proximity to the node. 30 

10. The method of claim 9, wf1erein 1hE; modulation tE;ch­
nique comprises a modulation tecl1nique that pro­
vides a longest communication range from among a 
plurality of modulation iedmiques that are available 35 

to other nodes located within a predetermined prox­
imity 10 1hE; node,. 

11. The rm,1hod of any of claims 8-10, whe,min tf1e data 
is broadcast after a predetermined time interval has 40 

e,xpired since the, message was 1ransrnitte,d via the, 
control channel, the predetermined time interval 
comprising a short inter-frame space. 

12. The method of any of claims 8-11, further compris- 45 

ing: 

retransrnittin;J 1he, rm;ssa;ie via tf1e control d1an-· 
nel a predetermine,d number of limes; and 
rebroadcasting the data over the particular data 50 

channel after each retransmission of Hie mes­
sage. 

13. The method of any of claims 8-12, wherein the data 
corn prises consumption data of om; or mom resoum- 55 

es. 

14. The method of any of claims 8-13, wherein the 

12 

15. One or more computer-readable media storing the 
computer-executable instruciions that, wi1en exe­
cuted by one or more processors of the node, con­
figure the node to perform the method of any of 
claims 8-14. 
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Abstract of CN104703193 {A} 

The invention provides a mesh network deployment method and a mesh network 
deployment device. The method comprises the steps of selecting a wireless network 
position m where no access point (AP) is deployed yet by a network deployment unit 
according to pre-planned wireless network positions for deploying the APs, randomly 
selecting an AP m from the non-deployed APs, determining the neighbor position list of 
the position m according to a pre-planned neighbor relation of the wireless network 
positions, for any neighbor position of the position m, determining whether the AP is 
already deployed in the neighbor position, and if so, instructing the network deployment 
personnel to contact tt1e AP m iNith the AP in tt1e neighbor position, so that the two APs 
can learn the MAC addresses of each other and add the MAC addresses of each other 
to own neighbor AP lists, and instructing the network deployment personnel to deploy 
the AP rn to the position m after contacting. ,A,ccording to the mesh network deployment 
method, the speed and the accuracy of Mesh network deployment are improved. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CN104703193 

The present application proposes a grid network deployment method and apparatus. The method includes: the 

network deployment unit selects a wireless network location m of the AP that has not yet deployed the AP 

according to the pre-planned wireless network location where the access polnt AP is to be deployed; and selects 

an AP m from the AP that has not yet been deployed; according to the pre-planned A neighbor relationship 

between each wireless network location, determining a neighbor location list of the location m; determining, for 

any neighbor location of the location m, whether an AP has been deployed on the neighbor location, and if so, 

instructing the network deployment personnel to associate the AP m with the neighbor The AP in the location 

touches, so that both APs learn the MAC address of the other party, add the MAC address of the other party to 

the neighbor AP llst, and instruct the network deployment personnel to deploy the AP m after the collision. Go 

to position m. This application improves the speed and accuracy of Mesh network deployment. 

Grid network deployment method and device 

Technical field 

The present application relates to the field of network planning and deployment technologies, and in particular, 

to a Mesh (mesh) network deployment method, device, and AP (Access Point). 

Background technique 

A mesh network is a mesh network formed by establishing a wireless connection between an AP and an AP. In a 

place where the wired network is inconvenient, this networking mode is usually adopted, so that the wireless 
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WiFi network has a larger coverage and a longer extension. 1--:Iowever, compared with the traditional FAT (fat) 

AP or AC (Access Controller) + FIT (thin) AP network, Mesh network formation is more complicated, time­

consuming and laborious. One of the reasons is because the AP and the AP are connected by wireless, and the 

wireless network signal is affected by the interference signal. If the APs select the neighbor with the strongest 

signal according to the signal strength of the neighbor, the Mesh network The mesh topology is constantly 

changing, which is not conducive to the stability of the network 

Therefore, in the actual application process, in order to prevent network topology flapping, ln the initial stage of 

deployment of the mesh network, network planning is usually required, and network deployment is performed 

according to the network planning. 

The existing Mesh network planning content mainly includes: 

l) 
Record the MAC (Media Access Control) address of each AP; 

2) 
Plan the wireless network location where APs can be deployed, and set them as: location 1, location 2, location 3, 

... , location n; 

3) 
Planning the neighbor relationship between each wireless network location in 2); 

For example, if there are four wireless network locations where APs can be deployed, which are labeled as 

Location 1, Location 2, Location 3, and Location 4, the neighbor relationship between the four locations is 

planned as follows: 

The neighbors in position 1 are: position 2, position 4; 

The neighbors in position 2 are: position 1, position 3; 

The neighbors in position 3 are: posHion 2, position 4; 
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The neighbors in position 4 are: posHion 1, position 3. 

4) 
Plan the wireless network location of each AP. 

For example, if there are a total ofn wireless network locations that can be deployed in the planned AP. they are 

marked as: location 1, location 2, location 3, ... , location n, and there are a total of n APs: 

Select one AP from any of then APs, set it to AP 1, and plan AP 1 to position 1. 

Select one AP from the remalning n-1 APs, set it as AP 2, and plan AP 2 to position 2; 

Select one AP from the remainlng n-2 APs, set it as AP 3, and plan AP 3 to position 3; 

....... , 

Select one AP from any of the remaining n-m APs, set AP(rn+l), and plan AP(rn+ 1) to position m+ 1. 

....... , 

Set the last AP to AP n and plan to position n. 

5) 
According to the wireless network location planned for each AP in 4), record the correspondence between the 

MAC address of each AP and its location; and, according to the neighbor relationship between each wireless 

network location planned in 3), each is obtained. The neighbor AP list of the AP is configured with a neighbor 

AP list on each AP. The neighbor AP list contains the MAC address of each neighbor AP. 
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The existing Mesh network deployment process ls as follows: 

According to the correspondence between the MAC address of each AP recorded in 5) and its location, each AP 

is deployed to a corresponding wireless network location; 

According to the neighbor AP list of each AP recorded in 5), for any AP, configure its neighbor AP list to the AP. 

After the Mesh network is deployed, each AP establishes a nelghbor relationship with its neighbor APs based on 

the neighbor AP list. After the neighbor relationship between the APs is established, the Mesh network is 

successfully established. 

Summary of the invention 

The present application provides a Mesh network deployment method, device, and AP to improve the 

deployment speed and accuracy of the Mesh network. 

The technical solution of the present application is implemented as follows: 

A Mesh network deployment method includes: 

The network deployment unH selects a wireless network location of the AP that has not been deployed according 

to the pre-planned wireless network location of the AP to be deployed, and sets the location tom, 1 c:C::: m c:-::: n, 

where n is the total number of wireless network locations where the AP is to be deployed; 

The network deployment unit arbitrarily selects an AP from the AP that has not been deployed, and sets it as AP 

m, and determines that the AP m is to be deployed to the location m. 

The network deployment unit determines a neighbor location list of the location m according to a pre-planned 

neighbor relationship between each wireless network location; 
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For any neighbor location of the location m, the network deployment unit determines whether the AP has been 

deployed on the neighbor location, and if so, instructs the network deployment personnel to touch the AP m 

with the AP at the neighbor location, so that the two APs are in the When detecting that the RSSI value of the 

beacon signal from the other party is greater than the preset first threshold, learn the MAC address of the other 

party from the becon signal from the other party, and add the MAC address of the other party to the Bst of 

neighbor APs, and indicate the network. The deployer deploys the AP m to location m after the touch. 

A Mesh network deployment method includes: 

The first AP is powered on, and the automatic neighbor adding mode is started. When receiving the beacon 

signal sent by other APs, the RSSI value of the signal is detected. 

The first AP determines whether the RSSI value is greater than a preset first threshold.Uthe value is greater than, 

the MAC address of the other AP is read from the beacon signal, and the MAC address of the other AP is already 

in the neighbor AP list. If it does not exist, add the MAC address of the other AP to its neighbor AP list. 

The first AP is an AP to be deployed to a wireless network location m in the Mesh network, where 1 ~.c:.:;, m < n, 

where n is the total number of wireless network locations where the AP is to be deployed; 

The other AP is an AP that has been deployed in the Mesh network and whose location is pre-planned as the 

neighbor location of the location m. 

Moreover, when the first AP is to be deployed to the wireless network location m, the first AP is instructed by the 

network deployment unit to instruct the network deployment personnel to touch the first AP with each neighbor 

AP that has been deployed to the Mesh network. 

A Mesh network deployment device includes: 

Location and AP selection module: According to the pre-planned wireless network location of the AP to be 

deployed, select a wireless network location where the AP has not been deployed, and set the location m, 

1 < m < n, where n is the wireless network location where the AP is to be deployed. Total number: select one AP 

from the AP that has not yet been deployed, set it to AP m, and determine that AP m should be deployed to 
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locatlon m; 

The deployment indication module: determining a neighbor location Hst of the location m according to the 

neighbor relationship between the pre--planned wireless network locations; determining, for any neighbor 

locatlon of the locatlon m, whether the AP has been deployed in the neighbor location, and if yes, indicating the 

network The deployer touches the AP m with the AP at the neighbor location, so that the two APs learn from the 

becon signal from the other party when detecting that the RSSI value of the beacon signal from the other party is 

greater than a preset first threshold. The MAC address of the other party is added to the neighbor's AP list, and 

the network deployer is instructed to deploy the AP m to the location m after the touch. 

An AP is located in a mesh network, where the AP is an AP that is to be deployed to a wireless network location 

m in the mesh network, 1.,~ m < n, where n is the total number of wireless network locations where the AP is to 

be deployed, and when the AP wants When being deployed to the wireless network location m, the AP is 

instructed by the network deployment unit to contact the neighboring APs that have been deployed to the Mesh 

network, and the AP indudes: 

The signal strength detection module: when the AP is powered on, the automatic neighbor addition mode is 

activated. When receiving the beacon signal sent by other APs, the RSSl value of the signal is detected, and the 

other APs are deployed in the Mesh network And the location where the location is pre-planned as the AP of 

the neighbor location of the location m; 

The neighbor list maintenance module is configured to determine whether the RSSl value is greater than a preset 

first threshold. If the value is greater than, the MAC address of the other AP is read from the beacon signal, and it 

ls determined whether the MAC address of the other AP exists in the Uthe nelghbming AP list does not exist, the 

MAC address of the other AP is added to its neighbor AP list. 

H can be seen that, in the present application, it is only necessary to pre-plan the wireless network location of the 

AP to be deployed and the neighbor relationship between the wireless network locations, without recording the 

correspondence between the AP's MAC address and the wireless network location, and the AP's neighbor AP is 

not required. The list is pre-configured on the AP; when deploying the Mesh network, you only need to select 

one AP from the AP that has not been deployed to deploy to any wireless network location where the AP has not 

been deployed. and only need to be based on the wireless network location. The location of the neighboring 

network, prompting the network deployer to set the AP on the AP to the AP in the neighboring location where 

the AP is deployed, so that the AP can automatically add the MAC address of the neighbming AP, which 

improves the deployment speed and accuracy of the mesh network. And ensure the success of the mesh network 

networking. 
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DRAWINGS 

FIG. 1 is a flowchart of a method for deploying a mesh network according to an embodiment of the present 

application; 

2 is a flowchart of a method for deploying a mesh network according to another embodiment of the present 

application; 

FIG. 3 is a flowchart of a Mesh network planning method according to an embodiment of the present 

application; 

4 is a flowchart of a method for deploying a mesh network according to another embodiment of the present 

application; 

FIG. 5 is a flowchart of a method for deploying a mesh network according to another embodiment of the present 

appHcatlon; 

FIG. 6 is a flowchart of error correction processing of a Mesh network deployment according to an embodiment 

of the present application; 

FIG. 7 is a schematic structural diagram of a Mesh network deployment apparatus according to an embodiment 

of the present disdosure; 

FIG. 8 is a schematic structural diagram of an AP according to an embodiment of the present appHcatlon. 

detailed description 

The applicant analyzed the existing Mesh network planning and network methods and found that 
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You need to manually record the MAC address of each AP and its location. You need to manually record the 

neighbor AP list of each AP. The neighbor AP list includes the MAC address of each neighbor AP. 

l)Network planning and deployment processes are Orne consuming and labor intensive; 

2)The MAC address of the AP is 48 bits. If one bit is recorded incorrecdy, the neighbor relationship between the 

AP and its neighboring APs cannot be established. As a result the mesh network fails. 

3)Since each AP has a fixed location, once the AP is placed in the wrong location, the AP cannot establish a 

neighbor relationship with its neighbor AP, causing the mesh network to fail. 

FIG. 1 is a flowchart of a method for deploying a mesh network according to an embodiment of the present 

disclosure. and the specific steps are as follows: 

Step 101: The network deployment unit selects a wireless network location of the AP that has not been deployed 

according to the pre-planned wireless network location of the AP to be deployed, and sets the location tom, 

1 < m < n, where n is the wireless network location where the AP is to be deployed. total. 

Step 102: The network deployment unit arbitrarily selects an AP from the AP that has not been deployed, and 

sets it as AP m, and determines that the AP m is to be deployed to the location m. 

Step 103: The network deployment unit determines a neighbor location list of the location m according to a 

neighbor relationship between the preset wireless network locations. 

Step 104: For any neighbor location of the location m, the network deployment unlt determines whether the AP 

has been deployed on the neighbor location, and if yes, instructs the network deployment personnel to touch the 

AP m with the AP at the neighbor location, so that When the RSSI (Received Signal Strength Indication) value 

of the beacon (beacon) signal from the other party is greater than the preset fir"St threshold, the two APs learn the 

MAC of the other party from the becon signal from the other party. Access Control (Media Access Control) 

address, and adds the MAC address of the other party to its neighbor AP Hst, and instructs the network deployer 

to deploy the AP m to the location m after the touch. 
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Preferably, in step 104, after the network deployment personnel is instructed to contact the AP on the AP in the 

neighboring location, the method further includes: 

The network deployment unit recelves the lndication that the AP m input by the network deployer has been 

deployed to the location m, and adds the location m to the wireless network location list of the deployed AP that 

is recorded by Hself; 

In step 101, the network deployment unit selects a wireless network location of the AP that has not yet deployed 

according to the pre-planned wireless network location of the AP to be deployed, indudlng: 

The network deployment unit selects a wireless network location of the AP that has not been deployed according 

to the pre-planned wireless network location of the AP to be deployed, and the wireless network location list of 

the deployed AP that is recorded by itself. 

Preferably, when the network deployment unit finds that the AP m on the location mis deployed incorrectly, 

determining a neighbor location list of the location m according to a neighbor relationship between the pre­

planned wireless network locations; and, 

The network deployment unH determines, according to the recorded wireless network location list of the 

deployed AP, a neighbor location list of the deployed APs at the location m. and instructs the network 

deployment personnel to locate the APs on the location m and the neighbor locations of the deployed APs in the 

locatlon rn respectively. Each AP touches, so that: AP m and lts neighbor APs mutually delete the MAC address 

of the other party from its neighbor AP list; and, 

When the network deployment unit receives the indication that the AP on the location rn input by the network 

deployer has been deleted, the location m is deleted from the wireless network location list of the deployed AP 

that ls recorded by itself. 

FIG. 2 is a flowchart of a method for deploying a mesh network according to another embodiment of the present 

application, and the specific steps are as follows: 

Step 201: The first AP is powered on, and the automatic neighbor adding mode is started. When receiving the 
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beacon signal sent by other APs, the RSSI value of the signal is detected, where the first AP is a wireless network 

location to be deployed in the Mesh network. The AP of m, 1 < m < n, n is the total number of wireless 

network locations where the AP is to be deployed, and when the first AP is to be deployed to the wireless 

network location rn, the first AP is instructed by the network deployment unit to be the network deployer The 

first AP touches each neighbor AP that has been deployed in the Mesh network 

Step 202: The first AP determines whether the RSSI value is greater than a preset first threshold. If it is greater 

than, the MAC address of the other AP is read from the beacon signal, and it is determined whether the MAC 

address of the other AP already exists in its neighbor AP. In the list, if it does not exist, the MAC address of the 

other AP is added to the neighbor AP list. The other APs are deployed in the Mesh network, and the location is 

pre-planned as the wireless network location. The AP of the neighbor location. 

Preferably, in step 202, after determining whether the MAC address of the other AP is already in the neighbor AP 

list, the method further includes: 

If it already exists, the MAC address of the other AP is deleted from Hs neighbor AP list. 

FIG. 3 is a flowchart of a method for planning a mesh network according to an embodiment of the present 

disclosure, and the specific steps are as follows: 

Step 301: The network planning unit plans and records the wireless network location of the AP to be deployed, 

and is respectively marked as: location 1, location 2, location 3, ... , location n. 

Step 302: The network planning unit plans and records the neighbor relationship between the wireless network 

locations of each AP to be deployed. 

For example, if there are four wireless network locations to be deployed, which are marked as: location 1, 

location 2, location 3, and location 4, the neighbor relationship between the four locations is planned as follows: 

The neighbors in position 1 are: position 2, position 4; 

The neighbors in position 2 are: position 1, position 3; 
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The neighbors in position 3 are: posHion 2, position 4; 

The neighbors in posltlon 4 are: position 1, position 3. 

The network planning unit considers the neighbor relationship between the wireless network locations where the 

APs are to be deployed. Afl:er the APs are deployed to various locations. the signal strength between neighboring 

APs (eg, the stronger the better) and the distance between neighboring APs. (the shorter the better) and so on. 

FIG. 4 is a flowchart of a method for deploying a mesh network according to another embodiment of the present 

application, and the specific steps are as follows: 

Step 401: The network deployment unit selects a wireless network location of the AP that has not been deployed 

according to the pre-planned wireless network location of the AP to be deployed, and the wireless network 

location list of the deployed AP that ls recorded by itself, and sets the location to m, 1 <-: m. ~ n, n is the total 

number of wireless network locations where the AP is to be deployed. 

Step 402: The network deployment unit arbitrarily selects an AP from the AP that has not been deployed, and 

sets it as AP rn, and determines that the AP m is to be deployed to the location rn. 

Step 403: The network deployment unit determines the neighbor location list of the location m according to the 

neighbor relationship between the pre-planned wireless network locations, and sets the location k and p. 

Step 404: For any neighbor location (location k, p) of the location m, the network deployment unit determines 

whether the AP has been deployed on the neighbor location, and if so, the network deployment unit instructs the 

network deployment personnel to locate the AP rn and the neighbor location. The AP touches, so that: when 

detecting that the RSSl value of the beacon signal from the other party is greater than the preset first threshold, the 

two APs learn the MAC address of the other party from the becon signal from the other party, and the MAC 

address of the other party is obtained. Add to the neighbor AP Hst; when the network deployment unit receives 

the indication that the AP m input by the network deployer has been deployed to the location m, add the 

location rn to the list of wireless network locations of the deployed APs that are recorded by Hseff, and Instructs 

the network deployer to deploy the AP m to location m afl:er the touch. 

28-10-2019 11 TP Link Ex. 1004 
Page 578



In this step 404, the network deployment unit instructs the network deployment personnel to touch the AP m 

and the AP in the neighboring location to: instruct the network deployment personnel to arbitrarily select an AP 

(as AP m) in the AP that has not yet been deployed, and then The AP is touched with an AP (ie, AP k) deployed 

at location k. 

For example, if the AP k has been deployed on the neighboring location k of the location m, the network 

deployment unit instructs the network deployer to touch the AP m and the AP k; when the network deployer 

touches the AP m and the AP k, the AP m The beacon (beacon) signal periodically sent by the AP k, and the AP 

m detects that the RSSI (Received Signal Strength Indication) value of the beacon signal is greater than a preset 

first threshold, then the beacon signal is The source MAC address, that ls, the MAC address of the AP k ls added 

to its neighbor AP list Similarly, the AP k also receives the beacon signal periodically sent by the AP m. The AP k 

detects that the RSSI value of the beacon signal is greater than the pre-- If the first threshold is set, the source MAC 

address of the beacon signal, that is, the MAC address of the AP m, is added to the neighbor AP list. 

When the network deployer touches AP m and AP k. the AP m is formally deployed to the wireless network 

location m, and an indication that the AP m has been deployed to the location m is input to the network 

deployment unit. 

If the AP is not deployed on the neighbor location p of the location m, the network deployment unit does not 

perform any processing at this time. 

FIG. 5 is a flowchart of a method for deploying a mesh network according to another embodiment of the present 

appllcatlon, and the specific steps are as follows: 

In step 501, any AP (set as the first AP) is powered on, and the automatic neighbor additlon mode is activated. 

When receiving the beacon signal sent by the other AP (set to the second AP). the RSSI value of the signal is 

detected, where The first AP is an AP to be deployed to the wireless network location min the Mesh network, 

1 < m < n, where n is the total number of wireless network locations where the AP ls to be deployed, and when 

the first AP is to be deployed to the wireless network location m When the first AP is instructed by the network 

deployment unit, the network deployment personnel touches the first AP with each neighbor AP that has been 

deployed to the Mesh network. The second AP is deployed in the Mesh network and its location is An AP that is 

pre-planned as a neighbor location of the wireless network location m. 

Step 502: The first AP determines whether the RSSI value is greater than a preset first threshold. If yes, step 503 is 
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performed; otherwlse, step 506 is performed. 

Step 503: The first AP reads the MAC address of the second AP from the beacon signal, and determines whether 

the MAC address of the second AP is already in the neighbor AP list. If yes, go to step 504; otherwise, go to step 

505. 

Step 504: The first AP deletes the MAC address of the second AP from its nelghbor AP Bst, and the process ends. 

Step 505: The first AP adds the MAC address of the second AP to its neighbor AP list, and the process ends. 

Step 506: The first AP does not perform further processing. 

In the embodiment of the present application. if the AP deployment error occurs in a certain wireless network 

location due to various reasons, the network deployment unit performs the error correction processing flow of 

the Mesh network deployment as shown in FIG. 6, and the specific steps are as follows: 

Step 601: The network deployment unit finds that the AP (ie, AP m) in the location mis deployed incorrectly, 

and determines the neighbor location list of the location m according to the neighbor relationship between the 

pre--planned wireless network locations. 

Step 602: The network deployment unit determines, accordlng to the recorded wireless network location list of 

the deployed AP, a neighbor location list of the deployed AP in the location rn, and instructs the network 

deployment personnel to locate the AP (ie, AP m) in the location m and the location m respectively. Each AP in 

the neighboring location of the AP is touched, so that the AP m and its neighbor APs delete each other's MAC 

address from their neighbor AP list. When the network deployment unit receives the network deployment 

personnel input. When the AP on the location m has been deleted, the location m is deleted from the list of 

wireless network locations of the deployed APs that H records. 

The neighbor location list of the deployed AP of the location m, that is, all the neighbor locations of the location 

m, the neighbor location list of the AP has been deployed. 

For example, the neighbor location list of the location m includes: location k, p, where the AP k has been 
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deployed on the location k, and the AP has not been deployed on the location p, then the network deployment 

unit instructs the network deployment personnel to locate the location m. AP m touches AP k at position k. such 

that 

The network deployer will remove the AP m from the location rn. At this time, because the AP m has been 

deployed in the location m, the network deployer wm receive the AP rn deployment error after receiving the 

above instructions from the network deployment unit Then, the AP m is touched wHh the AP k of the location 

k, and the AP m and the AP k both receive the beacon signal sent by the other party, and the RSSI value of the 

beacon signal is detected to be greater than the preset first threshold, and the other party is found. If the MAC 

address is in the neighbor AP list, the MAC address of the peer is deleted from the neighbor AP list Then, the 

network deployer puts the AP m back into the unalocated AP and enters the location into the network 

deployment unit. The indication that the upper AP has been deleted, the network deployment unit deletes the 

location m from the list of wireless network locations of the deployed APs that it records. 

The beneficial technical effects of the embodiments of the present appllcation are as follows: 

a) His only necessary to pre-plan the location of the wireless network where the AP is to be deployed, without 

recording the correspondence between the MAC address of the AP and the location of the wireless network, that 

is, not requiring an AP to be placed on a wireless network location; When you select an AP from an AP that has 

not been deployed, you can deploy it to a wireless network location where the AP has not been deployed. That is, 

you do not need to consider the MAC address of the AP when deploying the AP to the wireless network. 

Therefore, the deployment speed and accuracy of the mesh network are improved, and the mesh network 

success is ensured. 

2) It is only necessary to pre-plan the neighbor relationship between the wireless network locations without pre­

configuring the AP's neighbor AP list on the AP; and prompting the network deployer to locate the location 

according to the neighbor location of the wireless network location The AP can be connected to the AP in the 

neighboring position of the AP. This allows the AP to automatically add the MAC address of the neighboring 

AP. This improves the deployment speed and accuracy of the Mesh network and ensures the success of the mesh 

network. 

c) When the AP is found to be deployed incorrectly, it can be automatically and quickly corrected. 

FIG. 7 is a schematic diagram of a composition of a Mesh network deployment apparatus according to an 

embodiment of the present disclosure, which mainly includes: a location, an AP selection module, and a 
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deployment indication module, where: 

Location and AP selection module: According to the pre-planned wireless network location where the access 

point AP is to be deployed, select a wireless network location where the AP has not been deployed, and set the 

locatlon m, 1 < m c:C::: n, n is the wlreless to deploy the AP. Total number of network locations; arbitrarily select an 

AP from the AP that has not yet been deployed, set it to AP m. and determine that AP m should be deployed to 

location m, and the identifier of AP m (such as: sequence number m) and the identifier oflocation m ( Such as: 

geographic locatlon) sent to the deployment indlcator module. 

The deployment lndication module is configured to: receive the location and the identifier of the AP m and the 

identifier of the location rn sent by the AP selection module, and determine a neighbor location list of the 

location rn according to the neighbor relationship between the pre-planned wireless network locations; A 

neighboring location, determining whether the AP has been deployed on the neighboring location. and if so, 

instructing the network deployment personnel to touch the AP m with the AP at the neighboring location, so 

that: the two APs detect the beacon signal from the other party. When the RSSI value is greater than the preset 

first threshold, the MAC address of the other party is learned from the becon signal from the other party, and the 

MAC address of the other party is added to the neighbor AP list, and the network deployer is instructed to AP 

after the touch. mis deployed to location rn. 

Preferably, the deployment indication module lnstmcts the network deployment personnel to further contact the 

AP on the AP in the neighboring location, and after receiving the indication that the AP m input by the network 

deployment personnel has been deployed to the location m, the location mis Join the list of wireless network 

locations of the deployed APs that have their own records; and, 

The location and AP selection module is specifically configured to select a wireless network location of the AP 

that has not been deployed according to the pre-planned wireless network location of the AP to be deployed, 

and the wireless network location list of the deployed AP recorded by the deployment indicator module. 

Preferably, the apparatus further comprises deploying an error correction module for: 

When the AP m deployment error on the location m is found, the neighbor location list of the location m is 

determined according to the neighbor relationship between the pre-planned wireless network locations; 

Determining, according to the list of the wireless network locations of the deployed APs recorded by the 
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deployment indication module, a list of neighbor locations of the deployed APs at the location m, lnstmcting the 

network deployer to locate the APs at the location m and the neighbors of the deployed APs at the location m 

respectively. Each AP touches, so that: AP m and Hs neighbor APs mutually delete the MAC address of the other 

party from its neighbor AP list 

When receiving an indication that the AP on the location m entered by the network deployer has been deleted, 

the location mis deleted from the list of wireless network locations of the deployed AP recorded by the 

deployment indication module. 

FIG. 8 is a schematic dlagram of a composition of an AP according to an embodiment of the present disclosure. 

The AP is located in a mesh network, and the AP is an AP that is to be deployed to a wireless network in the 

Mesh network, where 1 ~.c:.:;, m < n, where n is to be deployed. The total number of wireless network locations, and 

when the AP is to be deployed to the wireless network location m, the AP is instructed by the network 

deployment unit to contact the neighboring APs deployed in the Mesh network by the network deployer. The 

AP mainly includes: a signal strength detectlon module and a neighbor list maintenance module, where: 

The signal strength detection module: when the AP is powered on, the automatic neighbor addition mode is 

activated. When receiving the beacon signal sent by other APs, the RSSl value of the signal is detected. The other 

APs are deployed in the Mesh network. And its location is pre-planned as the AP of the neighbor location of the 

wireless network location m. 

The neighbor list maintenance module determines whether the RSSI value detected by the signal strength 

detecting module is greater than a preset first threshold. ff it is greater than, the MAC address of the other AP is 

read from the beacon signal received by the signal strength detecting module, and the other AP is determined. 

Whether the MAC address is already in the neighbor AP list. If it does not exist, the MAC address of the other 

AP is added to its neighbor AP list. 

Preferably, the neighbor list maintenance module further determines whether the MAC address of the other AP 

ls already in the neighbor AP llst. 

U it already exists, the MAC address of the other AP is deleted from its neighbor AP list. 

The above is only the preferred embodiment of the present application, and is not intended to limit the present 

application. Any modifications, equivalent substitutions, improvements, etc., which are made within the spirit 
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and prlnclples of the present application, should be included in the present application. Within the scope of 

protection. 
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CLAIMS CNl.04703193 

L 
A method for deploying a mesh Mesh network, comprising: 

The network deployment unit selects a wireless network location of the AP that has not been deployed according 

to the pre-planned wireless network location where the access point AP is to be deployed, and sets the location to 

m, 1 < rn <-: n, where n is the wireless network location where the AP is to be deployed. total; 

The network deployment unit arbitrarily selects an AP from the AP that has not been deployed, and sets it as AP 

m, and determines that the AP m is to be deployed to the location rn. 

The network deployment unH determines a neighbor location list of the location m according to a pre-planned 

neighbor relationship between each wireless network location; 

For any neighbor location of the location m, the network deployment unit determines whether the AP has been 

deployed on the neighbor location, and if so, instructs the network deployment personnel to touch the AP m 

with the AP at the neighbor location, so that the two APs are in the When the received signal strength of the 

beacon signal from the other party is detected, the RSSl value is greater than the preset first threshold, the MAC 

address of the other party is learned from the becon signal from the other party, and the MAC address of the 

other party is added to the neighbor AP. In the list, and instruct the network deployer to deploy the AP rn to 

location m after the touch. 
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2. 
The method according to claim 1, wherein the instructing the network deployer to touch the AP rn with the AP 

at the neighboring location further comprises: 

The network deployment unit receives the indication that the AP m input by the network deployer has been 

deployed to the location m, and adds the location m to the wireless network location list of the deployed AP that 

is recorded by Hseff; 

The network deployment unit selects a wireless network location of the AP that has not yet deployed according 

to the pre-planned wireless network location where the access point AP is to be deployed, including: 

The network deployment unit selects a wireless network location of the AP that has not been deployed according 

to the pre-planned wireless network location of the AP to be deployed, and the wireless network location list of 

the deployed AP that is recorded by itself. 

3. 
The method of claim 2, wherein the method further comprises: 

The network deployment unH finds that the AP min the location mis deployed incorrectly, and determines the 

neighbor location list of the location rn according to the neighbor relationship between the pre-planned wireless 

network locations; 

The network deployment unH determines, according to the recorded wireless network location list of the 

deployed AP, a neighbor location list of the deployed APs at the location m, and instructs the network 

deployment personnel to locate the APs on the location m and the neighbor locations of the deployed APs in the 

location m respectively. Each AP touches, so that AP m and its neighbor APs mutually delete the MAC address 

of the other party from its neighbor AP list; 

When the network deployment unit receives the indication that the AP on the location m input by the network 

deployer has been deleted, the location m is deleted from the wireless network location list of the deployed AP 

that ls recorded by itself. 
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4. 
A method for deploying a mesh Mesh network, comprising: 

The first access point AP is powered on, and the automatic neighbor adding mode is activated. When receiving 

the beacon signal sent by the other AP, detecting the received signal strength indlcatlng the RSSI value of the 

signal: 

The first AP determines whether the RSSI value is greater than a preset first threshold. If it is greater than, the 

medium access control MAC address of the other AP is read from the beacon signal, and it is determined 

whether the MAC address of the other AP already exists in its neighbor. If the AP list does not exist, add the 

MAC address of the other AP to its neighbor AP list. 

The first AP is an AP to be deployed to a wireless network location m in the Mesh network, where 1 < m -"-::_; n, 

where n is the total number of wireless network locations where the AP is to be deployed; 

The other AP is an AP that has been deployed in the Mesh network and whose location is pre-planned as the 

neighbor location of the location m. 

Moreover, when the first AP is to be deployed to the wireless network location m, the first AP is instructed by the 

network deployment unit to instruct the network deployment personnel to touch the first AP with each neighbor 

AP that has been deployed to the Mesh network. 

5. 
The method according to claim 4, wherein the determining whether the MAC address of the other AP already 

exists in its neighbor AP list further comprises: 

If H already exists, the MAC address of the other AP is deleted from its neighbor AP list. 

6. 
A mesh Mesh network deployment device, comprising: 

Location and AP selection module: According to the pre-planned wireless network location where the access 
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point AP ls to be deployed, select a wireless network location where the AP has not been deployed, and set the 

location m, 1 < m < n, n is the wireless to deploy the AP. Total number of network locations; arbitrarily select an 

AP from an AP that has not yet been deployed, set it to AP m, and determine that AP m should be deployed to 

location m; 

The deployment indication module: determining a neighbor location list of the location m according to the 

neighbor relationship between the pre-planned wireless network locations; determining, for any neighbor 

location of the location m, whether the AP has been deployed in the neighbor location, and if yes, indicating the 

network The deployer touches the AP m with the AP at the neighboring location, so that the two APs are from 

the other party when detecting that the received signal strength indication RSSI value of the beacon signal from 

the other party is greater than a preset first threshold. The becon signal learns the MAC address of the other party, 

adds the MAC address of the other party to its neighbor AP list, and instructs the network deployer to deploy the 

AP m to the location rn after the touch. 

7. 
The device according to claim 6, wherein the deployment indication module instructs a network deployer to 

further use the AP rn after touching the AP at the neighbor location, 

After receiving the indication that the AP m input by the network deployment personnel has been deployed to 

the location m, the location m is added to the wireless network location list of the deployed AP that ls recorded 

by itself; 

And the location and the AP selection module are specifically used, 

Select a wireless network location for which the AP has not been deployed, based on the pre--planned wireless 

network location where the AP is to be deployed, and the list of wireless network locations of the deployed APs 

recorded by the deployment indicator module. 

8. 
The apparatus of claim 6 wherein said apparatus further comprises deploying an error correction module for: 

When the AP m deployment error on the location m ls found, the neighbor location list of the location mis 

determined according to the neighbor relationship between the pre-planned wireless network locations; 
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Determining, according to the list of the wireless network locations of the deployed APs recorded by the 

deployment indication module, a list of neighbor locations of the deployed APs at the location m, instructing the 

network deployer to locate the APs at the location m and the neighbors of the deployed APs at the location m 

respectively. Each AP touches, so that: AP m and its neighbor APs mutually delete the MAC address of the other 

party from its neighbor AP list; 

When receiving an indication that the AP on the location m entered by the network deployer has been deleted, 

the location mis deleted from the list of wireless network locations of the deployed AP recorded by the 

deployment indication module. 

9. 
An access point AP is located in a mesh Mesh network. and is characterized in that the AP is an AP to be 

deployed to a wireless network location m in the Mesh network, 1 < m < n, where n is the wireless network 

locatlon where the AP is to be deployed. The total number of the APs, and when the AP is to be deployed to the 

wireless network location m, the AP is instructed by the network deployment unit to contact the neighboring 

APs deployed in the Mesh network The AP includes: 

The signal strength detection module: when the AP is powered on, the automatic neighbor addition mode is 

activated. When receiving the beacon signal sent by other APs, the received signal strength lmllcation RSSl value 

of the signal is detected, and the other APs are deployed. An AP to a neighbor location in the Mesh network and 

whose location is pre--planned as location m; 

The neighbor list maintenance module: determining whether the RSSI value ls greater than a preset first 

threshold, and if yes, reading a media access control MAC address of the other AP from the beacon signal, and 

determining whether the MAC address of the other AP is If it does not exist, the MAC address of the other AP is 

added to Hs neighbor AP list. 

10. 
The AP according to claim 9, wherein the neighbor list maintenance module further determines whether the 

MAC address of the other AP is already present in its neighbor AP list. 

If H already exists, the MAC address of the other AP is deleted from its neighbor AP list. 
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t...l_. b;;d 8, ---1 ,.\.-~1 t~~12 I\' ,,. /'-r'Po t...l- b:::d' '1/ = tn \t 1-- -"-I- -- ,. D • d -' t' -,•Ai/ =,,c, :~ _F:c:L H - J L_J. r-1:--.l-· -• t ! ~~ J :z1,;. 1=1 :~ _a. 

1- i'r.J ;:,,;.. A p ;,,_j: ;iT-17,lj>:'iich l \) 1'$-'1:§c • A j) l]] _l_c_c; R-'-1 _t-'l- /_1{-1 1/-;l !,;rz i.±! A f) faff Ti ,If+ ',r-ti- "'(J M f1.A r; titrt[l· /u r, J'cs-t, i'r.J f.;17, 
---•H 1--! .Ll.L ✓:z:....·1. ,!._1_f1J~l;, tA y .. _ 'J ~ 1 .. ~ ..) --,....-1 l-=lJt--r- ,l✓ ,i--! 1 "'-- !~---J_~/J•_,/\,1,•-.1 l-=-l- -·~'-.-!.!:)._A /\H_..,.."'.J H ..... 1-> 

f~E} AP 370 !.t-( rt1 -M}lj II& : 

'
1
_!: [M] MHffl if-$-;ii (sC~U [MJ MHffl if I"- if~ ~t A ff:J {v. J! m L ffJ AP C, H~U ~Jr~ t'l"J t~ 7F s,t , )j4}-f:v: -~ m ,Y\ 

t'l -~r ii:\~ S"J Ei trri~ AP as x tt i:(1J tttr:EtJU ~ 4l £HI! rs#? o 

1, 'f 1 ,--,1 -fr" - ! h 1,;z -'tF 59 -1--c ·-'-- -t1• ,J,f: 1,:i:: -1--• --=i::. r,-1 ++ ·±. . -T1r1 iX)(nfr iV es :,i::r-~11_)-,&- /J Ii~, :f'\·0r,J°ilL 1:t: J , t'.:.i'.H1 : 

kk l.*J f---- ']' l cL, ""-·+i F'l --•+, "11 G:'. '= j - .).-U- __ ,,_ ,_u I-& •jl- z;_[;I ++-,-'-, ~ T) 'Ee,+-/,/ e--1c--• b u. %··tt: \.,I;';', h. · :."£, /r;A:JJ t=101J'z-l/r:':!'li'.Ji'<JJl!tx:r.1_, =J1tYX.X~:cfc/;,- L::t i-u 1x.)i<:::j'Jif§1Jf- cacon 18 

,,,.,,_ 'P "1,f l,kf'' '· RSSJ j+ 8 7,-• -1 -1· =, n kk ,.-, J-'-• -h+-) -·· I/ ,_,_. • J-'• r:Cl rt,,_± Tf·7 ---!-• tJ­·* ~ A TIJ 1~ r@ , , _ , m.it rn,;:- · -.ryn,t % ~ l~J ril, ~ (·t·, .0 \ l~ beacon 1 § ·--:; ·r· G"J; .q;'d~ /\; 

'SAP ffJ~_l/$:1~~At~f11Ll MAC ~rritJt 't AP frJ !vLI\C ±tEJtUTc:2l 8--#tE TR 5l'Er'.l~~!'& AP YU 
ffz , if1.: 11' 1'± +, lj!IJ :/~ i~ -fl~'[?.: AP 8~ MAC ±ttJtU¥ 1JP '.:fiLl t1 5J a<J 1~~ fl AP 3fLltz r{ 1 , 

JrfiJt.~ AP 7S~tni~Jlj Mesh [)8Jf:i9=1~f-f3ct&!f)(]f-f5-1:V:TI. m ~f-j AP, 1 ~ m cc::: n, n 7S~tnrif 
AP stxttrK1H;3-{,1~Etst,8Ji~; 

q 
,::..1 
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rc-1 ,,.,,,,,.. tt&"'. 'f( 1'GiT;l·-·-•r·· r--,tn- " ',i';! ' frk '. 1---•1,- '" ·-,, Y --- Ji'" ----1---•1,- '" .. ,, i 
ti., ~m- AP :""t,.;tl/Z'r:f1i'Ef:fG:tc£~1.A:iJ!'-ftf,ZI§: m WJ, %- AP tEZ A;~.:''Jtfi)EltLJG:i"~JJj~ A;~.:''Jtfi)E /\. 

11i it~-- AP 1=j E-alt½fl,'U Mesh ixXJtt r:i:i B<J Zi-4fU5 AP 3ltff Trl!il1" 
c· -!El -fF' -h1 .c:r:,1 il±i -.-E· A r~r;: '--!' f;J ' ';->· U· /h"t; k[ -/--• -=i=. r:-c- ,_ ''-L•,I ,,:,r· '±.· -H• ,-'-, A f) ,,,,_ ,n '(' : •!., j·' El --1-- ;::::J -L-• 
::i. 'i'r< 11i!i 11:>1..,t-~ :+,,.:; -'l'--- ·i .1-;i I J<J.::. r-1 J7:f'it:;, ¾-1,:r tld±:. -.1 , t3/r J&Y::JL") r };:;; :;,!¾ t, 1H 11'.J tnA , :rtt1 cit <e. ·a- L, "!'f 

~-r~~~~@~~*~~~*-W~ffi: 
:tf c;rt11£·=f, 91~ ~iH::tivs AP rt'1 1vLl\,.c t:1tJfrN~ El Jr rt'14~N# AP :vu« r:r i~HiJ 11;r; 0 

6. - ·:f,rfl[xxJtt;. Mesh feif1i-~:'m-~ ~, ftt'iHIE1£-f, {1JJi : 
fft_iL& AP Jy_tJHJ~ : t-lH~ Tiff Yet% JGU ttJ 'R tf!J ~~Nr Ali AP t1fJ Jct~~ M'5-fft_'il, 3~ fµ- ·'i'-:i:I~ :t~ 

40-·- _,ft-,'= ) cc; i•C'" f--'-- E¥J l: v, 'P f'. •11' ' . /--'-- E¥J s'i ---1 _,,r, 1=1 ~ n B/J hrt r;-, 1--'-- E¥J •, -/:-, )-~- \. rn 1;+• 11 "'' m -• 1-1, A /71~ "!-1 !-'':1'":11 ,.,_, m ,:Jr-- "i:,·"">'· lit' _, ·,h, ,.±t•,11 ,.,_, 
,.,._, .~- 1------1, ,,,,--._ .... __,___a.... !-•- , .., ,__,_. _ _i====t. L__i~ .• B ~• ,1------l ,__,_._ _ _i=:::t. 

J-J<) ft AP il±ff Mt!IJ1l, µJ/ff:Z-i :AP m -~j Fl !i S{J Zt'triJi AP ;r,§JDl~·X•J1.Tff'1 MAC f:ili.±1UAJcJ Ill 61'14~ 
Ji1i· AP JU 1z. r-t-1 Ji~ [Sfi~ ; 

_,[t,,}[tr_ ~[j!f)(1_0z_ ~~cEl,,'/~ iw_n!fgt," f{{Jl1r~ ll] l· t'4{1 Af) -t __ J nr11r.,;,,r1~1+l:,--J-•'l-,~ ~Pj.,ft~ 'll ~/\i>:fl_W,~+1c:. __ J,-i:l:'f-J-h 
---~ FX...~J.- j"l'J - ~-! :=-:ii- -J_=.3 1

\.. _ ' ,,J--. / \.. H L-,_ __ t;-;i.. AA -- -~ ~--! .J __ 1,i_J}J~ l"/..J'. ~ 'J 1 R / \ ~~ ~ , : ' !.-L J·;-;1... .l /7 ~:-J--~ 1 s / ''t'A A 

ic, ~ i'r(J 2 tis~ AP B'J Jcft\l\ fBJ ;t;~{i1: 1£JU ~ i+i JJM Pi o 

9. ·;j:rfij~_A,rA'( AP, {ftf fx;~¥& Mesh jt.:x]f!qi, 1t*rfiEZ:"E f, i~ AP -'h~·tff5'1 ~U Mesh fx;~§:-(§ 

~)# ·>'111 :~· ti] X ?A), j;{,i,1 f/z: Ni ':e!i m !J;j· 1 ~ A p 1\W 1{~1 f/z: s'tf( fJ[l. _EEl_ 7T' Ji'{ i~ f)lj(I ~r ·ttt.; .':g. • Ff!.: ,1:µ. 1"!::: AP .t:i ,:] 3'![L~- ~1.J '!/)( 11, R _____ /L.i.~---,. :J ~ U ,----_r:t. , v:.---. rt ;/, :J ~ tr !=1!...i F? '-!-: F, ._.JR - ..J !' ~. l:f 1=11..1~ ,,/\,,,,..-~I]•.; Y;..,_ - L...J. H, ~ _.__ 

Mesh [l;1JM5 it, ;3/H!@ AP :li.HfiiilEfMi, i.¾ AP {(trrfr : 

') 
,) 
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tu~::r., 
10. 1'R}JiJ;j,xJlj ~I5Jt 9 PJr.~ff'} AP, 1rt'¥1iE1:E=f' _0f.~1~HM-3'u~tl1f'tw:J~J~ljfi hr J£Jt't' AP 

h;, MAC ->1tJJr]:-iJ.'r~ ;:=i 1~i'£-=I"- I:':--! i:,-i- A'-J,,i;~ if AP 7.f:i't :'.' rh -:7 1'.°-, 1#---H:::ffl::-=l"-rJJ J._J.~/\.1.._wu,_J, J ~----1_---:::-::.-•-•"'..)1,__J - ✓ -c'C.,_,_r_. .. _,~-:i),; ____ .Y ,..JJ, 

:s e,Zl-i"ET, m1J*1-Pr-~Jtt: Af) 1:t1 MAc ti±lJJtJ/. ~1 Jt1:t1~1s,~ AP fUtt cr11Jrn rif~., 
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t~#i»HTui 
[0001] *$iw/tt ,& ~§tt~lHff~'tk:,1t1J~Ji, jfJtltt R'. Mesh (~fir) iXJ<J%H1H~t }SYi~A,f'illl 
A f) ( fl fl ""P ' '• \:lr. int +c?O I\ r'i' ) 
1 ~I \ .. ."l'...,'..., •-' ss ......,_,__ .1 7 :13' / ,.._J;\, / (> 

-•I:;={±~ ·f=l 1R:rx.,,1, 
[0002] Mesh [#l Yz ft -- f.ti1 * ~;'flj i1 AP b AP 7 iWl ~~ v ::P ~t 1'1'c=. +Jf,, -ffri n;, s\;, r't,(-r -- -f,t1 IJ~1 ;[1·11.' [i)(l .., ....... i::r /'......_ , , __ ,,.1., ... __ ....L_ ___ .... .. __ "_£ ___ .L_.JLI~- .. ,----1:.-..,.~ 111J JL .. ,o-11 ... n'J JJ·, ~, .., 

Mr" (El'fi& fo&1ifiAxJTs7'Tflfi(}t-fu/J. Jm'i¥;*ftj:ltllfffi~/-T~, fi:fi:Tci:t WiFi RXlfo&t'J{J.fii&: 

[0004] 

[0005] 

[0006] 

-f-{T '~ r1 -__ L...§__ • 1 

[0007] 3) 

[0008] 

[0009] 

[001 0] 

[0011] 

[0012] 

[0013] 

[0014] 

{ , = st 0 "m-- 7,/ " = " = · y, ·,cs· j , •:' I\ -f• , • ,t,·1" "~1 ') .f,'1 ·,c,- ;1 • 
.!_L _Fl_ - - :::::.~ i.:::::f _,. -,I c I..!....-. _Fl. £.i ""· ,-1.... _Fl. --:t 9 

1ft I'. 4 s<J 1r{ m Y~ dtr: I'. 1 , ,r:u: I'. 3 ,, 

4) t~tt1Jt}1' Al' [Y.J:Tcf&RXli-?H1E.'il0 
f1irjf11] 1!} 2\ r+1J,rir-\;1jo1>1·nJ· ''{(~ 1'\F) of.1+~iXxl{:¾,j';1·¥i'\1ft '7 .-1'- ly\-~i'lj 
V Y.. 5 tY-.. -·/ l /1/u/'\J 1--l-J r=Tr>--Fl r 1--1-J/L, .. -::-.--...:• :J,...ti ---_EL/"- -'-.L ! , /.J / 

5'3,i{-'---5'3,) '-'---= 'CL--1-'·~ "A[)''f·' ~-0 ,' \! ,o,., , •••••• ~\J "'1 Y\ ·1/,j .. lL r, "f• if ii • 
_ _E3_ '-'"\ _L __ _E3_ U-... "'1--- . .E:l. !J.~ '..-~-.-.,,., - !l , J-...'.J., 

[0015] 

[0016] 

[0017] 

[0018] 

[0019] 

·flTJI m+l 

[0020] 

[0021] 

)A n -t AP q:J ff J~: 1Jt3Jt lil - · 1'- AP, GlJ~ AP 1 , ~~~ AP l r] tLl fU t1.B'. 1 ; 
l''ili;;IAQ'l-r . ,. rh'·,crr+1''"', ;, 'rL4-, ,,, .L--•i,,•--·11" ~ ;A':1~~,,R 'J n-1 '[" AP T'i:r:e::11E:tz:d1l-- [' AP, lx..1::1 AP 2,~it AP 2 fiJ::x:)J3'Giill"f. 2; 

)Aft~·ff:.i n--2 /1- AP q:Jff:~JJE31\: t:B· ·1' AP, ~&:t~ AP 3, ~tr AP 3 r%1GU:tuiiz:~ 3; 
.. .. .. .. .. .. ~ 

' 
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[0022] 

[0023] 

[0024] 

I!ii7:'f ff'} Mesh t~m1~:t:ifttm !' : 
mm 5) qi l2iitsf.Jfl1:,i" AP B'J MAC :Pttt1i: t.J }Uifri'E{tr. ~ s'-Jxt )\\/ ::X2 *, i{f'&f1'- AP ;~1V~ iiJ 

x& m rt'l Tci~ !Ml t~1ft'i'_L ; 
[002sJ *~U:121 s) qiic5Jts<J11fi'- AP ss4'~YN AP vu*, x-rf-ff -AP, :J0Jt~~,L~,, AP vu «We:~ ¥1Ji~ 
AP J::" 
[0026] 

[0027] 

[0028] 

[0029] 

[0030] 

[0031] 
ccn ·--•,I" = L 
c'ffiij"IJH J"f_ m ..£. ; 

[0032] 

[0036] 

.;,;;;jt 'j7 A p i'1<J l,«'A ·C J,J.hJ:[[- 'f'l'I !;½S:~z..\.tt~1:.. A p r,,Ki l, fl,Ac· J,:~ J:,[-1.11 :::1s.,- ~t-·", ·14::-rrl:,_ X- 1',j fcl· r.~<,!,;rt r;i!· ,fl l,) Ii1rl -% WJ cJ': 
!:A./' '-J _._ h J-=-l _ _vll _ Jl~ - - ' / ~ t'I;:1 i ~--"" /' _,! ,._ 1..... i-l .... _L...L ',_ ..L-lli _L. }-A..- r---1 __ _. ! J _L J i-- _/.J j----1 .... "I, t.J li-~ ..:~~ / ~ --1,--.,_ ! 1 -i---1 

~:W{±:r' !TWi4t i~J:1/t?: AP 81 MAC J:ili.J1r1,i;1Jp§ij ti~ B"ftlUt AP 't. qi' 
!003.7] r;;:;:~+1£-- 1\]::! J'',7_Wi:1tf," ('c!,,_':'fll 111 ·•. 1>}1 :,!X)(lf:'z cl:J f1'{J--i,--,f~\}!X)(lf:',t,fci1•Fc'&; ill fl'{j /\f) i c.C::: ffl < fl t', 7'';1.Wi: .. . J-/1)-:.'.:t/!,/ J_ ..., _ _9;. :=--1!.J-1:_=J...,._~ 1\'JLu j''/'J--r-r 1 ~ /L.,. ... -; . ..\JV'/lJ.,,-Lr, __ .L __ _t,;-;t. ~ ~ 1>.[ '_J._ -- ,_ ' ~ :) _ _9;. 
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[0040] 

[0041] 

[0042] 

h;, ,<;:[Z FE', 1\'f '@ E1 l :"£:'. • "N f-· {1'1 'r¥i m A~ 'l' -- ·'.';I/ 4' 11'{ 'r¥i ' '¥11 !fr· !fr ,~[Z FE', 1\'f '@ ;;_,__ ;:::::i ·.0.'.A_-L' t{1\ IiiR,-_:· -_-_r /.IP' J:'.: rJJ "'- .~ 1L1 'LL- Fl. /Y -• --t"(. • / .• ,_'L Fl . .u h ✓ .I --..1.j h:'_-1 , _ _,__ FL, __ , ~-':I Y'.A ~.~ 1~-1 'L-- Fl. '"" u _ HP J !--I 

~, - iXAJ Mt ·aJ; 'fd- .A, if~ *J AP m -1=3 it 1r11lti{tr ~-L fi~ AP )E: 1-Sc: ME it;, ~_:l if fl : it~ AP fEt-&1m1J jLJ * 
l

1

l.X>J7:Tff'1 beacon {1§~·s<-; RSSl fi'r:x-f·fft-l:~-·lk~fWtlJ, J,l\*t'iJ.tJ.TffJ becon 1(1§~-$~.F.:J:iSi] 

[0045J ~r;g yiJ *tcr. 1f1 tt±-k : 1'1J ~Fr 0r:r£ Rss1 {nf.r:: ~ -Jc TfwW..~ - -jijJ 11, t~·-Jc T, JA~tiylt 
beacon ~ rt1 ijf[;Zf;fi-if Jtt~ AP ff'] MAC t~JJJL f-ij liffi J~:iztll/t:: AP S~ MAC ±t~Jll:¾i§ Q ff;(£ T f';J 

q:i 0 

[0046] 

Al) -CJ··•-• 7;r.· 't;s;-, ':'£' * '.) Ni ·'E·7,,: -, -• bir[' s,;i -1-'- A: 
l:i.. /. ,"J.S, • .JY"t. / • H-1___E:3_. _L ld. 

:,r,Mttmi,1~A.b:i~1h~1f1jf ffJ AP ½2trit~rr AP ffj~fS;6{1'(j_J-.tr(J AP ewrlT, h\.rnHtf.~ AP ·rjJ 
~i !=:J z;}Ji1'.ij]p1~)2-f AP St MAC f'ttJ1l:, 1liW1 I Mesh ll1fe-t('.l~µ~ l.t:lf5fiilitVmlf, t-1f)f~i.iE [ Mesh [~xj 
4-¾kFl["'l :.!:-,·+r 
;. l_f" ;;:U A/).J JJ/..i .,J:/ J 0 

[0047] 

[0048] 

[0049] 

[0050] 

[0051] 

[0052] 

[0053] 

[0054] 

~1~*$~ -#~~m~~~~IXAl~®W~ttili~~: 
~2~*$ffi~-~~~w~~~~IXAl~®~~~ili~~; 
~3~*$ffl ~~~m~~~~IXAl~~~~$ili~ 
ti1 4 11 * ii1 -v~ '1l -~ J:ruHv~ ±r:lH~ r1½ Mc sh M it tr1t\'?f 7:nL vrum lI1 ; 

7 
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[0055] 

[0056] 

[0057] 

[0058] 

[0059] 

[0060] 

[0061] 

[0062] 

.. i-1 '· J ·r M 1 & ' q '.f /,·-· " .. - .rD-·-·r.1 'ti? <.'! r,. -r; I /-~:17 x~: 1: _ T, y:1_·. 1 + ·. ·fT A-<'- :1,,,. kl +1,\1 • 
. >f_T './U/'-! I I-~ '.J-- --1 /J l,t-~)J- /J 1/ ! .1_.x._;-,,.u ,. 

u rx~ MHJII ~1J ;¥r1 tff! ~ it ii ~0£ fir sty_~ fJ : 
2) f AP If~ MAC :tttfar:3/3 ,rnbi t, -· i==t ~r l t- bit l.2:iiH1liA~, ®/;~~!ti~ AP -'0 Jt1~ 

' t:B - ,;--• ; ,.~ , -• tT] ' " {; •m r·--i ~ •-· ~I) A • X '= , ' w, ' ,. A c·, ~L ' ' = ' ' 3 i - -, -+E1J'I" AP :;';i\:Ej r-i yi= 11',J (i 'e's' ):, l / · · cl 11 :)/:"' AP •i· •·f-'';··j·1r ·0t· 'i[ji'c"-:-,. -~'j-"'i'V 0 ¼ i\.P ;; ~ct~ 1 __ , .J J· 1.. H, ·r- ___ ,,.L_ (._J _J_. Fl., ___ ..J., ____ . ... 1 _ I.1. _ "L, __ L_ ,::·:L, ,.J_, .~ z_, ._ --:_)\. r.,,.. 1 ,.,, ... .., ,L.,.,, 

001~*$~-~~~~m~~~M~W~~~~~oo.~~~~~~T: 

-tb ~I lo 1 : f:UJ g* g15 -~- ~- 7[; fl~ ;}J~ fJ~ o/G ~~\L~Ll ~·~ ~ Af~ ~- AP ~'13c 1~ I><,~ r* f.\'t: il, ;lz_t tf--1' J'.f 

:!9, ~lJ lll .:/tf(_C\£ ~11,f{T '@J m L. 'l '...J FL 1-H..l-1:-=-1 ..... -~ _ _, __ El., _,_ __L __ o 

[0063] 

~~l;f,j AP 13::tf.~Y)Ujilj* G xt1JB~ beacon( 1§.f:;:i~) 105Bt RSSI (Received Signal Strength 

Indication, :rt:Y1x:ffcl ~ililH,Jgr;0f~) {l'f. k:-~f fD:!i/it:m-f~Hm.st, /A)k § xu·}r ~~ becon {t ~ i:p :~ ~~J 

:tiJx,j·}sS~J MAC (Media Access Control, szlft±:~At~fM) :til!JJL :4>/~x,J·;_Tif'J lYLA.C±fu.hl:~)JrlfiJ H 
(~ i"(j/::17.,1 J:11'. ,~l) Fi! :"!J rJJ, ttt!'1;,:-f~j(I ~7 ti.f1 -~ A\. ff\ 1lf'f,\!; ~;li /;';'1:;'f. r, P m -;>,_:r.,7, ~x1·Jz'li {-,'7 ¥!J m:.:. ,,._, •--. 'il.J L_ -1,. /_,-"(:·'-.,,._ l, ), -•L-1--J•!' 'J,Di--1!·,L~--" .I --~ ,~r_Ln,,....;,,0---'1"'1.J J"°)__ 1-d.J p:::_ .J •----_EL 

[0065] 

f;'."; -i Jj: · - 717/;,; ;fj1 I ,f,· • 
1J----111~ _..7 r31- g 

[0066] jt.:x]f!friFZ. 1j'l 7Gt~!JtcfU l/4X]f:i'l-m(fl· Ar.n ~trJ,.Sb AP m Q ffrt'fl'·~Ll1ii:~. m J:. ~b :ttfij~' !f!Ll~4t1ii: 
It m )mA El .51·i3:!F::tfJ C,tft/,j~ AP fi½JCftt MMHlrJl.:iflj~~ [fl ;B., 
[0067] -tb~l 101 rt1 , V<:,ljf,;g,g:µ~r'f,jcl'fHJ;sfy[5t,k~1l1Jt(1~g:µ~ AP Bt3c~M~1'1'1.'L1Ljj_tff- -1' 
'.+~-.fl!¥' -:i;:.1,f~,--,1•' ., '3';! • __ ,.,.. ;.±~tPcb· AP :;c::ti x~r1HIT~ i~Hrs: 
[ 0068] It.:~] ft-ms :;It ~- 7G *[I! 1i~ fJ~ Jt 1½\ ~!] ff'} ]g: tftl * AP ffj -Jc~~ It.:~ f1r 11'!. _R, l]J & Fl ;~ i~ :~t ff'} e, tftl 
:'fl· AP S"'J:ft::t~ ft{i'1Jf-;JU*,;v_tJ¥.-·1'-;l£*!iiHi AP rr'f::tt&rx.~g~{~(l.o 
[0069] 

[0070] fx>9g*"~f1~111.;ri:;.ttHt1lL1.;~ti¥J t:',-;_'ftti AP a,gx~]lt.:x]f!fiI~fLl.'.K, f~n:1iI~.m i¥J t:',ffj1'1 AP 

B½<f:[Sfis-{l!.'j,fU~., H';;' ~ M t3-tf!L'ff A t:1 :/:t-t1Z:j, m t~t-J AP 7:1'--:!BU-½ ,t,'z."j_ m tfJ E, tf!J~ AP (j½<f:[Sfis-1ft. 

~t. (r,J & AP itt1rfi1til!!JI, PJfy~z~ :AP m EJ Fl 51' i'r~,& ~~J~1
1 

AP i'§ IfJ~ xt iJi'tJ ½AC :tful1UA El _J;t ~'1 

trsm AP JLl:tzrr:i!HuMt; 
[0071] 

m }J 8. ~c1,;-l.,,,::@.-6(-1;::J.-;'r.i.\ffi· lP h:J+{,.tr,(,1if"'.L'f'f!JE1!:"J-,,rl1JifHl~i"-,)l'.,_i:_-_-J__.-1 v_.,<.; ..... ~~..., un, •-=! _1_ r-1 ./U...--A!I' ~, -cr, _____ EL'.7-,-1-'(_ 1 /-J,,:11-.,,,0 

[oonJ lll 2 1'1*$i:i'r11 ~J}11i:f¥u.J:&Htfit Mesh MMHf!l-1~:tntffrUTlll, JtJtf-ttntHm 
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;;7 "r,1---, ' - 1· 1-r~·m· _.,.,.._-:,,) ;I;' /\P ,'+AT 'J\t/ • q:; O 
i----1 "', / I--• _. -1.. - ! ~ , . J'.., 1 ~A 

[0074] ;;17 gw 202 : ffi- · AP '#IHfr i#J. RSSI fr'[~ i~ ,:,k.:--:ffOH'l~ -,i~H~:, ;fi>);::--:f, Nd~ beacon']§ 

f~-r:p LJ'.i1R it1t'8 AP ffJ MAC Jfutll::, !Jl;Jr it1t'8 AP t'rJ MAC t-ll.!,tll::)rkyf e,:ZftET ~~ :#rr:11rsm AP 3'U 
:iz $, JA·· :f t1 tt T, 91iJ :J-tr i~ Jrt.; l~, AP E(J VlAC tltd1hf JJII J~IJ t'J~· S<] 1i~ H1f AP :Yu$.:$ , Jt $ , Jt 't AP 

7'1 c:r~f(!~f I~ Me sh fx;(j MPti st' J==L~ f:Jrt'E 1ft !'J&:rl!t'1rJJ,TIJGLl7'7.7C.t~ lf-0fAJ1il:!1. m S<J1fiffi1il:ti. !'rt AP 0 

[001sJ fft:rzt±i±i, tf?~~ 202 [fl, ~"1J~rrit-tt·f; AP tr~1 MAc ±i±iJI1:£?::~2;r1tr-T t3 JHt1t1;}6 AP ?.r'U-z<: 
't" zJTii Jtt -w i!JJi1i : 
[0076] i-rB-rrrt-T·, v1U:Jt1~Jt'8 AP !'rt MAC :rM1UAt! ~~l'rt<t[H5 AP _yJzFPJl/:Wi):J;,, 
[0077] 

[0078] 

[0079] 

[0080] 

[0081] 

[0082] 

[0083] 

[0084] 

[0085] 

1ft i!!. 1 s<J 1rs m :19 : •ift ff 2 , -f:tr i!!. 4 : 

{1I_'il 2 ff'_] 1r, fk'i9 d1'I _'il 1 , HI _'il 3 : 

f,'L•'i 3 tt'l-~~mn : {~Ii'. 2, ez][ 4 : 

~ 4 J~i:,t::: rf1 ii'f )~ - -37::iifrdtrJ1i1tfJt !'rt Me sh fx.;(j ~* tf~ ~ 1Jrt~]ff,f-ii ~, Jrt.;~{4(?J:7 ~itr~q;· : 
)l:!&~J ) 
[0086] 

[0087] Iv ~W 401 : ~t~ ttrnr; ~ J'ii :YfJltt\5 nr.! 016 ttTiiLl 81J ~ tr[Li~ AP ff:J :fc: ~~ IX~ ft {ft ti. , U Ji s E-h2 
· s, -~•1"'° ,, --,-·,~,---~," ,. ,_,_,,-ucr 'ff ti-,,,,. -•\-r l __ , -", ¥, 111) n,1--•,•z' • A~ :t0<.,.-1-r ·a hi -..r.,- J -a:;·-.,..i'-.. 'J __ j r:f:, -,--..:i !.. 1- 1----l ... /L,..-,,.. ' ' .-i--f j_'L~)'' Y'- 'f' J..:.:_ 

[0090] w 1i1e 4 0 4 •• xt :i:: 1'_\'L'r. _'i!tf __ ·• m 'l''J 1,:f_ -- - .s;rr ft 1\'r 'tii ( 1\'r 'tii k p \ f{,;l f£c.;, -,-'frr ;~- EB . .::,:;::.. '¥1 I ~i:,: 1'f;,: .s;rr /1"· 1,'r 'tii 
-- '.:J-!'- ...., .J r:i r__:i .... , ,r--1 ----.J:::::L , ----.-•. , I"' ~--H H, ~ '-t-·/u,, ~-II_...-..,-..., ,r--1 !----.J:::::L 

J:: ~ --,-• ---J ,--, ~•3 r-n -r --l+- ~ i---i •' ~ff3 ,--, ,_. ---• ,., ---· i---i •' ~ff3 ,--, 1 ~ ~,_ t - ' ' Ari h'l • ' = J:: 1°,.,.,,,--,~U-,_U--J _'l",. J tip _.+-._FL X~'/';(>1 _cJ)c.fH-n·xL,--,-•x~•F;ls1 _cJ)c.)' ,"fr'Y, 'Pm 1=j1C,·._,,1,,a··1·1~ -• }"1.:.: r---1 LJ..--:.X. r-1: --f':l" 1 i , --1=: ,KE:, -· ;-1-r r-1 /~ --'---t-"" / u.J R /.j'\ - · ;-1-r r-1 /~ .._._•✓ ..... ·•.J !\ ! ---.:., y_::/.--.: -.JI o ~-a 

(' .1 

AP 
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[0091 J :;4~11;:~~ 404 rt1 , I><.~ ft ~41-ti r¥1- 1i::l'tfrij~ ft<Httm-ti ),DHij. AP m .-tJ k~,~~ !Ji}{.'i.~.L B<J AP .i±t 
1'ffii!Effi1i-~1t:1/:J J['J'jj~fxxJtttff\~·}.__r'fr{E:H~*tiLi~Bi.J AP ::Pf:fj~jt(Jf~,t- AP( ig AP m) ,?)~B 
,r{, ,_,___ A') }--• U., "P k *" ,_,,.__, s'· '1·) ( ~~e i•.f, ~ .CCC/ •1\ • -8- - ·c,JI ~ -•,: }\ -

1 ~-J ~;.,,-. .1. :1.i ~ 1 .. L ....G... \.. I-•,_., -i-1 -J -

[0092] 

[0094] 

[0095] 

[0096] _ti=: illE --o 1 ,_,. ~ 'P ( ~v ~?."< a J _ : t-i~ i\ 

'[)' 'll'I .Aw - '])) tt_--1--tl''' 1·-'-ns• ·1,&'r.11''-'··'-'-c·J 'j/ -~·,sT{±- tt' /,,.,. ~[) 'j' =~·1'-l''fLl q ( ,_,---Fl i_FJ_ f'1 -'.V- ,, : hP" C"il eel ·xc· -;T ,-,-,{'Ht: 1"'· ·1 cc! ·xc·· l ·-J : ,: : ,_, - ,L [IJ a_o ----• -- c;J '/'--'Ll, ~,,,'(- .: 
i,._ ·- i-:.x..,,....,~7f--=l--------->.- ,,.,. ,Jr-... J"-·'-'u.,,v i="::J J J'!' .!..'.l.'.I\.J'::'.'.",Ji:-:1 J~ 11.J.__._ £1.,,,.., I ,;;-r::J 1 ,1--..1¼!-l:""-•----'! .. -' 

[0099] 

[0100] 

*o 
[0101] 

[0102] 

tv~f 506 :~ AP ~ft:J1l tt·>Z.t-Wo 
,4., $ ir=J ~ hffi 10JU 41 ' ;f';: lfj -f· f'f f'f Ji f;};:l I~:)° tX Jit- . 7C ~ 1x1J it {-:rjf t B~ AP tm ~ m 11~ ' 9llJ .L-t 
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[0105] 

i-r{-J 6'~ J/t~ 1 ,, \§1 ;(;1 I -% i1 _ :fl-) ,---' 'LL.£3._,,, !j v<-- o 

[ o 106 J Wrl -/iiJ :f3l '!. m l'r~ 4[1.@ 13L '!3J:& r:p 1:11 §' :f3l ~- k ., p , Jt ,{-\', ,gj )• L ,:_1 .T{JI.Ci,,'. 7 tip )r A-;T ,'L .. : . .L.FL\._l___..L_l.~--iP-13-1 11 \.1L .. "..L 

Ii p L v11J iE :t if5 ~ AP, YlU : fxJm}ffH ~ i'j'I. xJrr/)' fxJJ MH1i1 ~ A D1 ~iH,1Ji m · S"J AP m _trf~'zJi. k L 
Ii~ AP k iB: 1T 1iilt fu~ , ~ ,j;i~ : 
[0107] 'l ).--'--~ [-i:rv-t·· (. rfl, •-d· [+,_r. ~n 71,,7.ftf(lli~{:---'i-;J.--'-r'"" . m /y\ :)L JccL rn ___ . ,9;x., Jc . ,))-:_, r1 J , -_n J J ,r rn l __ j ~.:i:. i:-11-· -r::t __ • :_1,. :fil.. m 

t:: C"·' f.,-a ;,J§· 71,t ,-,,., l ,,, -'J j'Jj r--a /,~ 7tf( ,-,,, V- - 0~' ' q~ :,c, - 1-- ~~- .L-,Jn I·-, A1·· .;.,f' •C'J f-±l: ',,, ' w, .-- ~h ') 1ii!i ~-~i ·>,-1',1• ~ I\. [J71 ~\, ' !1.Xi 0-,-,', :'i"i' H:-i. 7C _., I I '!I'~ "1/--f~ ,,~· fi\ I -7''· :r_-c'f :Lu _, ill ·h J :'i"i' Iro "·"'' ) ';I/, ,,,,· -; f· A I __ ~ , /', _, .• ~ _, -• !"' i--• - _ "" ,)<... . -, - -! --~ _., - i--• T _ _, -J --•-~ ., __ .J ,-, .., . , 1------1 '.J. u £ __ .,.., - r•.., A.. - -- --~ - i--• ., --1 ~_/\. ., , , , , , J :------1 _, ..... 1._._ 

[0108] 

[0109] 

[01 ·11] 

[0112] 

[0113] 
_,-,, + rrJ/ El;,~ Ap 
J.-1:::::,r;;: f-1P-s c\ 

,41 t--• 'Q ( -l --"-- n ) f (-'-- = s' 1--' ' - / f, ',. -~u3,(--'· '¥! ) '&_'- 'Y= 1-1\, -''TT - _,_._, ·--- f-'+ ' ' m H'•J,1J,1,1, ,JIJ • fi',-,"-, m fl·,11 -g,• m _'·J,,;T.;·rj'L! , ¼IJ •t:fil.:t:'.:.. ,11""' -• 1:"'"•,-•, -1-;y~,rh':;F; 1a:t.J.,t" 
•--. ~ \ _;A C / -..., !-----E::J~ , ..J " • \ ,• C ,,- 1,._., __ L. ,_L._.E3_. /~ ""--~--H I-~ !--~ -• H · ...J /"-- /\, -

[0114] 

,11;,: AP ,IJ>.J ,._}.__,_ 

fr. ~rt~ HI~, #IH!Jsfi W 1~1-; !E 13L ~, J::. ):t1_J1? 8 fS:. ft~ :'& f AP, J.s- f:t , :f'i'Ujz [X>\l ?:~ tfLw- A r]1 ~% AP m -'=J 
lt~4ft@1fL.'i'.t(:J-(J AP 3l±:irTrill'.Jll11, !;) ft1-~ : it~WJ AP tE11J:?~1J:rLl* B xtJs(:r(J beacon tt'·~i'ff,J RSSI f}! 
jc=ffftli:0.:1fi -11~ H'Ul1·, /J1. * § it7JS\J becon f§ ~ ,-t-1 :J :fiJxt1Js-''1 MAC ttlJJJL )l:14' xt /1 lfJ MAC 
,,, 'l 'I'. -,-,r I ~ ·1-r.0r'E2 -r••c±- ,, tJ•·---•r---,,, -'·.rrrcc•) ""-/--•r..v.k,1 ,=::,19, -'·.r1•cn·--·,1 "·Wil J::. :t'lE,;t[l:WJ~]!UG 8 A S'J czi~lp AP 5'Lli'<: ' :Jhrci:-J;; Y.XJ ~D pp~· \.IJ~ ;j: 1-1111:r11~lJr1 ,:b:r AP rn ppci"l' tlJHB, m - 0 

rQ11"-] fj''-' 11•J,1.I-, ,7f(ccc,-}!::'..-H\'±..1s{-~:,=:;,;,7/.'sz.,'tf't'C'') f,J ,IA-, A1··, J---'i,/,[TJ---<f--',•''.&1 L-1•~-f \l)_q+/,-·•'-\f./6,h 
L ,)_ L.t/J.,_li.!:',, -"11° 1t 1 f~ /!' 'IX _-:1(11~1 /j'\ !'"') 7:'.r.rcliJ 1t \. _I.I1 ~~t - . ill -0~n~ ~I' ,r5· ·r•Ll=L L. i:l'J n )ft 1Tflj!-'.jij;~ 

Z}fi ;ltt- -J· )=§ r, t~ l[:\z f I] l>C~ rt tTT I A 1~ $tu)\ Sti AP m 8 tTT ~- j~lj {{(~'- m J: Sti :ri't ii, 911] :14' iiL i'. m 

J1nA~1Jtli:1.:~'z:~f-J2ffil:~°- AP ffJxf~~MM}1ftnfU1~9=1 ;_a, 
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[0116] 

[0117] 

[0118] 

8/8 Dt 

[0119] mJMtfiHi::fi15f~tl1-+::lc:iltE!'S t:',;~1Hi AP a"Jtt~ jX:xJ f&{i)~ ~ 51]:,ff, f~ TE'.{v. ~ rn B'S t:'. tmi AP 

fi~1[s,~fft.'!.Jutf, t~5r; M MHilI-~~ A if~ >lf-1ft'!. m L~rJ AP 71·:iJU -~ ,[ft'!. m ttJ E:'., trH-~ AP fi~1[s,~fft 
'~. L. !~~! :'.><; AP ~Jt- :-r--1· Tii\f. /,;l'l p I ·1* 1# . AP m .tc:; >'j -~ l1{J 'sZ -!:;~ )!j~\ AP ;l~l Tf ;.Jt x.+ 11 tYJ VlA C 4 MJ J1 [. u !;•j ~ t'J~l r----, _ _l_~ ;--, ..,, -r-T )Z_ jf.J1Lt., _A _X~ . ~ .. ,j r-- __,, _, w ,_-_r- -d..J I!--• ~1 I:::! ___ ..__.. .J ij /--., w J, __ \ Li_'"!---- -~71 w .1 

JJ!: :tll ~~ Jri~\ 51] ;?( i[i =JP t~J-Jt , Jt 41 : 
'0122] t=l ·,a f#+A-'[•J:1-'-%±+, '" + '~ L. ch • ·j· fi' -.f r'l -j·· A'IY = •,co+rn++<-...b. ,J.• +,"· 1lfr z,111 ·8· ,-'-, AP ,p. L "J 51.'.1:><:. 11,1. {;,~ f:~ .. •f;: : 3 ,,-,,. 1\P ..i.'. 't!Y , ,fi zJJ w T.;J •h>(~/{J'{JJH r~:r\.i, 3-J~ 1x.3'~ } 1, t., /X. 

;)t(:fj<J beacon ·f§ ~-st, t1iNHtd8 .r0· fj<J RSSI -fi, :1t cf1 , ft'f::: AP 79 E:'.itffS~·fU Mesh MMPi1 (:]½, llft 
gr:~1\,',rffil,~t~4.-~~1j7~~~-'-l.1~~0ffi 1nr.~1~~~ffi~AP ,i-'1 !_L ----.-El.'!;] ... _:,,-..,,✓ ._(/;/ll.JG .:.J/L;.~,. ... .,. :J~-t:r'! _ _, __ EL. .-•-$ -.P!e-:f j_!L _ _E:l_.r~..., ._\_._ 0 

[0123] 

f1L {Lk:: T, )Af8 fJ3.s!it'.zW!u;tW:JJ1:1:~tJ':z:f1J ~J beacon 11g ~:y i:j=1 ij;J1x. itJl rt AP B<J MAC ±tHLL '.i~lj lli;Fr 

i:1<.J:trt':: AP B½ MAC i:t~Jlt::ft;& i3ff !"Er§ ~J B½413Jiil· AP ~Lllz LfJ, ~: )f~ff1£r, Pllli4f t~J{f; AP Er0 

MA.C Jfu:hU~JJit~U ['j Jt t'f'J'tl1}tr AP 5/U W~ i:p o 

'0124] .1-/?-~;\,:-tt.f1 .I.;[( l:1'-E:! :~f4l ti':l;l;J\:·1:4 '-kl[ N!J:;ittt '& fil) l'l(j HA 1" ih'J hl· J'b ;;,re.: i=1. /.ifr. .r- r'j B 6(1 ~rt) t:;'. AP L - l)Ur<..:±J~, ..., :-~ )r_J / '.J ,..,v•:... ---Jt 1; i_}~_-½',. ,.,.) · .J ~ i v~,.,,. -.. w f.. l_ 1-=-l . .:.Y.u. 1. _; .,.....W,.,.~LL. At:. ~--1 ,,_ __ .J, 1 J !-----'---- J L _'.:~ l=-l J "P /f_J ,._ 1__,_ 

f U ~ ti ,<'.:_Ii m: ~ ib itJ T , 
r0125] :._4i';.-l: jc,:_fj·-:.r .• fi1

1
11J[;!,:?f·]'.c:',·ft·-,".-.- 4I,) i'1•{J MH' .J.fl,1 1 ,,l. · 1), i'c; Bi'1•{J/;-,17r~·• AP l'11j~1';-c+11]n,Ji.~4-~ L ·' -t .. , .. j'JJ 1: .. J , ,,a,•, ,c<.,, LJ "· , ,,~,~ J:..:..,JlL/)d::::, _'.,j, -z,/fS ,ii /. ,p;_ t )JJL,,jso 

[0126] 
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•) 
J 

, iit 51-YPHif 1-l YJ : 1i. ]I L 1:t 
1±]In 

Ii{ ft~-~fi;f 3F-7t.,t!lJJl;fJi:~-);t*l iri].j---'i[~;fAP{i¾ Jci3l ~) , V:lJt f:l :!f 1c,:.0Jtefi{1 e,-iJ'fi;f AP 
Q~ fti\ ~~H:$-1-ill §1J $:_,, i±r.--tl-1'-:iL.:r~.,fJ~,f-AN~ fti\ i~ , -i.t;lJ 1:i.Jtm, 

l <m < n, n7J-.~--Jf;-;f AP6'-Jfti:~1':il 

sfJAP~{f;t,it}t-1--AP, i'.t/JAP m, 
3i1J1c1.l'._m_l:. 
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1±:--s\P ( it#; ~--1~P) J_:_ r:@;) At ~1J ~ 1:JJ4~/i~~~7Jpf:Jtt<~, ~ ~ti~t 501 
fiJJt't::AP l it,.z;.:~-AP) :~3f:..&tbeacon1-.t-10t, t'b3! 1liii.1t~-~t 
RSSHiL ;tt 1f, ,.z;---AP:ilJ-i'.--t-)!¾i,]Meshi)~i&-'t' iit fc. f.«] ~t-{l 
i:.m~~AP, 1 < m < n, n:'.iJ-:f-:-ir::W-APitt JGt\)A~ 
JL, 'iii ,.z;--·AP.4z-;f)'k.·1ff.¾!1:,l£~)f,Jb&-1i.J\'.m8t, %-··AN)tM~ 
~Pl·~-;i'tA~ ,f; vg ¾t--iF :i-A .9l, ~.ff .i:'1; --AP .L::, t'..,-tf l'· fij Mesh i%s it 'f 
fr:'r%--4Js/~· AP:i:1!:1·t;/,J;~½, ~ -==-AP }J: t.,,}p;:{-f 1J Mesh itjl i5-- 'f ~ , 
~~~~~I~ff~~~~£~~~Rim~~~~I~M 

~---;L\P:i~$..=:..AP{1~IvfAC±t!t.tlt.J,J-... tJ ;~ St4~-~~_1\Pf'J;;fz. tf 1IB1]F.i~~ > 7 ~· 

~iL3f1if~Jt;,. 

5 

6 

15 

506 

505 

Jr,---AP~;-£, .::.AP tit MAC 
Jik,i:l:. iifc nir J1j ffe~ ,$;' frf] 4·11 ,% AP 

§1J ;\\l 1t', ;f. ~if,,,fltt t, 
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Abstract of CN104756474 {A} 

Described is a method for pertormance estimation of a communication device, The 
method comprises: executing active probing to determine active probing data; reading 
operational data iivhich includes data related to channel and its noise condition and 
counter values related to user data traffic between the communication device and 
another communication device, wherein the operational data is relevant to the current 
settings of the communication device; and training a pertormance estimation algorithm 
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for the communication device according 
to the active probing data and the 
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i 'AN~<l (lf,$rsitk,na1 tt<"~¼ i 
1 

(} <~·-, "'~'./~C,Jt" J):::>':'.-SiVe.f,'l'•~•i,::;(fl : 
l Wl : 
,,,;, . ·.-··------· .. · .· -· ·-..-·· _· . _ _,_.,_· ----- .. · . 

! 
t~~:~\~~~ ~{;{~)'~ pr-i.~t~i~~t1 

t{t~ 

lf~lr: p$sfom¥*<iq,: e-s!imM~)r)~!!J::..,rit1@ 
~:(~ 

FIG.2. 

https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&H=0&ND=3&adjacent=tr ... 

TP Link Ex. 1004 
Page 607



Patent Translate 
Powered by EPO and Google 

Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

CLAIMS CNl.04756474 

L 
A method for performance estimation of a communication device, the method comprising: 

Perform proactive detection to determine active probing data; 

Reading operational data, the operational data including data related to noise conditions of the channel and the 

channel, and counter values associated with user data traffic between the communication device and another 

communication device, wherein the operational data is Related to the current settings of the communication 

device; 

And performing a performance estimation algorithm on the communication device according to the active 

probe data and the operation data. 

2. 
The method of claim 1 further comprising: reading the operational data prior to performing the active probing. 

3. 
The method of claim 1 wherein the reading of the operational data is performed during execution of the active 

probe or afl:er performing the active probe. 
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4. 
The method of claim 1 wherein training the performance estimation algorithm comprises updating the 

performance estimation algorithm as a function of one or more indicators, the one or more indicators 

comprising at least one of: 

Times of Day, 

One week, 

Type of communication device, 

Manufacturer and model of the equlpment, 

The characteristics of the device, 

firmware, 

The backbone is limited, 

User's network usage style, 

RF characteristics including at least one of signal power, path loss, noise level, frequency band, and mode of 

operation, 

Environmental statistics, or 

Data relatlng to operation of a communication device adjacent to the comrmmication device, wherein the data 

comprises at least one of an interference channel and an interference level. 
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5. 
The method of claim 1 wherein performing active probing comprises: 

Transmitting active probe data from the comrmmication device to another communication device; 

Waiting for a predetermined time before reading the operatlonal data. 

6. 
The method of claim 1 wherein performing active probing comprises: 

Transmitting active probe data from the communication device to another communication device; 

A report is received that represents the amount or data of data received by the other communication device. 

7. 
The method of claim 1 wherein performing actlve probing comprises: 

Transmitting traffic from the communication device to another communication device; 

Record the measured data associated with the transmitted service. 

8. 
The method of claim 1 further comprising: 

At least one of throughput, connectivity, delay, jitter, or error rate of the communication device is calculated 

using active probe data for training the performance estimation algorithm. 

9. 
The method of claim 1 wherein performing active probing is performed less frequently than performing passive 
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probing. 

10. 
The method of claim 1 further comprising: 

The active probe data and the read operational data are sent to the server before, during, and/or after the active 

probe is performed. 

11. 
The method of claim 10 wherein said server trains said communication device with said performance estimation 

algorithm based on active probe data from said communication device and other communication devices and 

said manipulated operational data. 

12. 
The method of claim 11 wherein said server applies a machine learning algorithm to train said performance 

estimation algorithm for said communlcatlon device. 

IJ. 
The method of claim 1 wherein said communication device comprises at least one of: 

Access point (AP); 

Base station 

Wireless local area network (LAN) device; 

DigHal Subscriber Line Access Multiplexer (DSLAM); 

Gateway 
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Performance enhancement devlce; 

Digital Subscriber Line (DSL) Customer Premises Equipment (CPE) modem; 

In-home power line equipment; 

Horne Phone Line Network Alliance (HPNA) based device; 

In-home coaxial cable distribution equipment; 

G.hn (Global Home Networking Standard) compatible device; 

Metering communication equipment within the home; 

An in--horne device communicably coupled to the LAN; 

Wireless f emtocell base station; 

Wireless WiFi compatible base station; 

Wireless mobile device repeater; 

Wireless mobile device base station; 

a node in an ad hoc network/mesh network; 

Set-top box (STB) / set-top unit (STU) customer electronics; 
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TV that supports Internet Protocol (IP); 

IP-enabled media player; 

IP-enabled game console; 

Ethernet gateway 

a computing device connected to the LAN; 

a computer peripheral connected to an Ethernet; 

a rmHer connected to an Ethernet; 

a wireless bridge connected to the Ethernet; 

a bridge connecting Ethernet; and 

A network switch that connects to an Ethernet. 

14. 
A system comprising: 

An optimization center communicatively coupled to one or more communication devices, wherein the one or 

more communication devices are operable to: 

Perform proactive detection to detem1ine active probing data: 
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Reading operational data, the operational data including data related to noise conditions of the channel and the 

channel, and counter values associated with user data traffic between the communication device and another 

communication device, wherein the operational data is Related to the current settings of the communication 

device; 

And performing a performance estimation algorithm on the communication device according to the active 

probe data and the operatlon data. 

15. 
The system of claim 14, wherein the optimization center is implemented as a server or implemented as a 

communication device from the one or more communication devices. 

Ht 
The system of claim 14 wherein said one or more communication devices are operative to read operational data 

prior to performing active probing. 

17. 
The system of dalm 14 wherein said one or more communication devices are operative to read operatlonal data 

during execution of active probing or after performing active probing. 

18. 
The system of dalm 14 wherein said one or more communication devices are operative to train said performance 

estimation algorithm, said one or more, by updating said performance estimation algorithm as a function of one 

or more indicators The indicator includes at least one of the following: 

Times of Day, 

One week, 

Type of communication device, 
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Manufacturer and model of the equlpment, 

The characteristics of the device, 

firmware, 

The backbone is limited, 

User's network usage style, 

RF characteristics including at least one of signal power, path loss, noise level, frequency band, and mode of 

operation, 

Environmental statistics, or 

Data relatlng to operation of a communication device adjacent to the communication device, wherein the data 

comprises at least one of an interference channel and an interference level. 

19. 
The system of dalm 14 wherein said one or more communication devices are operable to perform active probing 

by: 

Transmitting active probe data from the communication device to another communication device; 

Waiting for a predetermined time before reading the operational data. 

20. 
The system of dalm 14 wherein said one or more communication devices are operable to perform active probing 

by: 
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Transmitting active probe data from the communication device to another communication device; 

A report is received that represents the amount or data of data received by the other communication device. 

21. 
The system of daim 14 wherein said one or more communication devices are operable to perform active probing 

by: 

Transmitting traffic from the communication device to another communication device; 

Record the measured data associated with the transmitted service. 

22. 
The system of daim 14 wherein said one or more communication devices are operative to calculate throughput, 

connectivity, delay, jitter of said communication device using active probe data for training said performance 

estimation algorithm Or at least one of the error rates. 

23. 
The system of daim 14 wherein said one or more communication devices are operable to perform active probing 

less often than performing passive probing. 

24. 
The system of daim 14 wherein said one or more communication devices are operable to: 

The active probe data and the read operational data are sent to the server before, during, and/or after the active 

probe is performed. 

25. 
The system of dalm 24 wherein said server is operative to train said performance estimation algorithm for said 

communication device based on active probe data and said manipulated data from said communication device 

and other communication devices. 
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26. 
The system of daim 25 wherein said server is operative to apply a machine learning algorithm to train said 

performance estimation algorithm. 

27. 
The system of daim 14 wherein said communication device comprises at least one of: 

Access point (AP); 

Base station 

Wireless local area network (LAN) device; 

Digital Subscriber Line Access Multiplexer (DSLAM); 

Gateway 

Performance enhancement device; 

DigHal Subscriber Line (DSL) Customer Premises Equipment (CPE) modern; 

In--horne power line equipment; 

Horne Phone Line Network Alliance (HPNA) based device; 

In-home coaxial cable distribution equipment; 
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G.hn (Global J:-fome Networking Standard) compatlble device; 

Metering communication equipment within the home; 

An in-home device communicably coupled to the LAN; 

Wireless femtocell base station; 

Wireless WiFi compatible base station; 

Wireless mobile device repeater; 

Wireless mobile device base station; 

a node in an ad hoc network/mesh network; 

Set-top box (STB) I set--top unit (STU) customer electronics; 

TV that supports Internet Protocol (IP); 

IP-enabled medla player; 

IP-enabled game console; 

Ethernet gateway 

a computing device connected to the LAN; 
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a computer peripheral connected to an Ethernet; 

a router connected to an Ethernet; 

a wireless bridge connected to the Ethernet; 

a bridge connecting Ethernet; and 

A network switch that connects to an Ethernet 

28. 
A machine-readable storage medium for storing machine-executable instructions that, when executed, cause a 

processor to perform the method of any one of claims 1 to 13. 

29. 
A method for performance estimation of a comnnmication device, the method compdsing: 

After performing active probing and passive probing, receiving operational data including a counter value from 

the communication device, the counter value being related to user data traffic from the communication device to 

another communlcatlon device; 

The performance estimation algorithm is trained on the communication device based on the operational data 

before performing active probing or after performing active probing. 

30. 
The method of claim 29, further comprising receiving the operational data prior to performing the active 

probing. 

31. 
The method of claim 29 wherein the operational data is received during execution of the active probe or after 
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performing the actlve probe. 

32. 
The method of claim 29, wherein training the performance estimation algorithm comprises updating the 

performance estimation algorlthm as a function of one or more indicators, the one or more indlcators 

comprising at least one of: 

Times of Day, 

One week, 

Type of communication device, 

Manufacturer and model of the equipment, 

The characteristics of the device, 

firmware, 

The backbone is limited, 

User's network usage style, 

RF characteristlcs including at least one of signal power, path loss, noise level, frequency band, and mode of 

operation, 

Environmental statistics, or 

Data relating to operation of a communication device adjacent to the communication device, wherein the data 
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comprises at least one of an interference channel and an interference level. 

33. 
The method of claim 29 wherein performing active probing comprises: 

TransmiHing active probe data from the communication device to another communication device; 

Waiting for a predetermined time before reading the operational data. 

34. 
The method of claim 29 wherein performing active probing comprises: 

Transmitting active probe data from the communication device to another communication device; 

A report is received that represents the amount or data of data received by the other communication device. 

35. 
The method of claim 29, further comprising: 

At least one of throughput, connectivity, delay, jitter, or error rate of the communication device is calculated 

using active probe data for training the performance estimation algorithm. 

36. 
The method of claim 29 wherein performing active probing is performed less frequently than performing passive 

probing. 

37. 
The method of claim 29. further comprising: 

The active probe data and the read operational data are received, the operational data being related to user data 
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traffic from the communication device prior to performing active probing, during performing proactive probing, 

and/ or after performing proactive probing. 

38. 
The method of claim 37 wherein training the performance estimation algorithm for the communication device is 

performed based on active probe data and read operational data from the communication device and other 

communication devices. 

39. 
The method of claim 38 wherein training the performance estimation algorithm comprises applying a machine 

learning algorithm. 

40. 
The method of claim 38 wherein said communication device comprises at least one of: 

Access point (AP); 

Base station 

Wireless local area network (LAN) device; 

Digital Subscriber Line Access Multiplexer (DSLAM); 

Gateway 

Performance enhancement device; 

Digital Subscriber Line (DSL) Customer Premises Equipment (CPE) modem; 

In-home power line equipment; 
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Horne Phone Line Network Alliance (HPNA) based device; 

In-home coaxial cable distribution equipment; 

G.hn (Global Horne Networking Standard) compatible device; 

Metering communication equipment within the home; 

An in-home device communicably coupled to the LAN; 

Wireless ferntocell base station; 

Wireless WiFi compatible base station; 

Wireless mobile device repeater; 

Wireless mobile device base station; 

a node in an ad hoc network/mesh network; 

SeHop box (STB) / set-top unH (STU) customer electronics; 

TV that supports Internet Protocol (IP); 

IP-enabled media player; 
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IP-enabled game console; 

Ethernet gateway 

a computing device connected to the LAN; 

a computer peripheral connected to an Ethernet; 

a router connected to an Ethernet; 

a wireless bridge connected to the Ethernet; 

a bridge connecting Ethernet; and 

A network switch that connects to an Ethernet 

41. 
A machine-readable storage medium for storing machine-executable instructions that, when executed, cause a 

processor to perform the method of any one of the method claims 29-40. 
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CLAIMS CNl.04756474 

L 
A method for performance estimation of a communication device, the method comprising: 

Perform proactive detection to determine active probing data; 

Reading operational data, the operational data including data related to noise conditions of the channel and the 

channel, and counter values associated with user data traffic between the communication device and another 

communication device, wherein the operational data is Related to the current settings of the communication 

device; 

And performing a performance estimation algorithm on the communication device according to the active 

probe data and the operation data. 

2. 
The method of claim 1 further comprising: reading the operational data prior to performing the active probing. 

3. 
The method of claim 1 wherein the reading of the operational data is performed during execution of the active 

probe or afl:er performing the active probe. 
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4. 
The method of claim 1 wherein training the performance estimation algorithm comprises updating the 

performance estimation algorithm as a function of one or more indicators, the one or more indicators 

comprising at least one of: 

Times of Day, 

One week, 

Type of communication device, 

Manufacturer and model of the equlpment, 

The characteristics of the device, 

firmware, 

The backbone is limited, 

User's network usage style, 

RF characteristics including at least one of signal power, path loss, noise level, frequency band, and mode of 

operation, 

Environmental statistics, or 

Data relatlng to operation of a communication device adjacent to the comrmmication device, wherein the data 

comprises at least one of an interference channel and an interference level. 
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5. 
The method of claim 1 wherein performing active probing comprises: 

Transmitting active probe data from the comrmmication device to another communication device; 

Waiting for a predetermined time before reading the operatlonal data. 

6. 
The method of claim 1 wherein performing active probing comprises: 

Transmitting active probe data from the communication device to another communication device; 

A report is received that represents the amount or data of data received by the other communication device. 

7. 
The method of claim 1 wherein performing actlve probing comprises: 

Transmitting traffic from the communication device to another communication device; 

Record the measured data associated with the transmitted service. 

8. 
The method of claim 1 further comprising: 

At least one of throughput, connectivity, delay, jitter, or error rate of the communication device is calculated 

using active probe data for training the performance estimation algorithm. 

9. 
The method of claim 1 wherein performing active probing is performed less frequently than performing passive 
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probing. 

10. 
The method of claim 1 further comprising: 

The active probe data and the read operational data are sent to the server before, during, and/or after the active 

probe is performed. 

11. 
The method of claim 10 wherein said server trains said communication device with said performance estimation 

algorithm based on active probe data from said communication device and other communication devices and 

said manipulated operational data. 

12. 
The method of claim 11 wherein said server applies a machine learning algorithm to train said performance 

estimation algorithm for said communlcatlon device. 

IJ. 
The method of claim 1 wherein said communication device comprises at least one of: 

Access point (AP); 

Base station 

Wireless local area network (LAN) device; 

DigHal Subscriber Line Access Multiplexer (DSLAM); 

Gateway 
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Performance enhancement devlce; 

Digital Subscriber Line (DSL) Customer Premises Equipment (CPE) modem; 

In-home power line equipment; 

Horne Phone Line Network Alliance (HPNA) based device; 

In-home coaxial cable distribution equipment; 

G.hn (Global Home Networking Standard) compatible device; 

Metering communication equipment within the home; 

An in--horne device communicably coupled to the LAN; 

Wireless f emtocell base station; 

Wireless WiFi compatible base station; 

Wireless mobile device repeater; 

Wireless mobile device base station; 

a node in an ad hoc network/mesh network; 

Set-top box (STB) / set-top unit (STU) customer electronics; 
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TV that supports Internet Protocol (IP); 

IP-enabled media player; 

IP-enabled game console; 

Ethernet gateway 

a computing device connected to the LAN; 

a computer peripheral connected to an Ethernet; 

a rmHer connected to an Ethernet; 

a wireless bridge connected to the Ethernet; 

a bridge connecting Ethernet; and 

A network switch that connects to an Ethernet. 

14. 
A system comprising: 

An optimization center communicatively coupled to one or more communication devices, wherein the one or 

more communication devices are operable to: 

Perform proactive detection to detem1ine active probing data: 
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Reading operational data, the operational data including data related to noise conditions of the channel and the 

channel, and counter values associated with user data traffic between the communication device and another 

communication device, wherein the operational data is Related to the current settings of the communication 

device; 

And performing a performance estimation algorithm on the communication device according to the active 

probe data and the operatlon data. 

15. 
The system of claim 14, wherein the optimization center is implemented as a server or implemented as a 

communication device from the one or more communication devices. 

Ht 
The system of claim 14 wherein said one or more communication devices are operative to read operational data 

prior to performing active probing. 

17. 
The system of dalm 14 wherein said one or more communication devices are operative to read operatlonal data 

during execution of active probing or after performing active probing. 

18. 
The system of dalm 14 wherein said one or more communication devices are operative to train said performance 

estimation algorithm, said one or more, by updating said performance estimation algorithm as a function of one 

or more indicators The indicator includes at least one of the following: 

Times of Day, 

One week, 

Type of communication device, 
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Manufacturer and model of the equlpment, 

The characteristics of the device, 

firmware, 

The backbone is limited, 

User's network usage style, 

RF characteristics including at least one of signal power, path loss, noise level, frequency band, and mode of 

operation, 

Environmental statistics, or 

Data relatlng to operation of a communication device adjacent to the communication device, wherein the data 

comprises at least one of an interference channel and an interference level. 

19. 
The system of dalm 14 wherein said one or more communication devices are operable to perform active probing 

by: 

Transmitting active probe data from the communication device to another communication device; 

Waiting for a predetermined time before reading the operational data. 

20. 
The system of dalm 14 wherein said one or more communication devices are operable to perform active probing 

by: 
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Transmitting active probe data from the communication device to another communication device; 

A report is received that represents the amount or data of data received by the other communication device. 

21. 
The system of daim 14 wherein said one or more communication devices are operable to perform active probing 

by: 

Transmitting traffic from the communication device to another communication device; 

Record the measured data associated with the transmitted service. 

22. 
The system of daim 14 wherein said one or more communication devices are operative to calculate throughput, 

connectivity, delay, jitter of said communication device using active probe data for training said performance 

estimation algorithm Or at least one of the error rates. 

23. 
The system of daim 14 wherein said one or more communication devices are operable to perform active probing 

less often than performing passive probing. 

24. 
The system of daim 14 wherein said one or more communication devices are operable to: 

The active probe data and the read operational data are sent to the server before, during, and/or after the active 

probe is performed. 

25. 
The system of dalm 24 wherein said server is operative to train said performance estimation algorithm for said 

communication device based on active probe data and said manipulated data from said communication device 

and other communication devices. 

28-10-2019 9 TP Link Ex. 1004 
Page 633



26. 
The system of daim 25 wherein said server is operative to apply a machine learning algorithm to train said 

performance estimation algorithm. 

27. 
The system of daim 14 wherein said communication device comprises at least one of: 

Access point (AP); 

Base station 

Wireless local area network (LAN) device; 

Digital Subscriber Line Access Multiplexer (DSLAM); 

Gateway 

Performance enhancement device; 

DigHal Subscriber Line (DSL) Customer Premises Equipment (CPE) modern; 

In--horne power line equipment; 

Horne Phone Line Network Alliance (HPNA) based device; 

In-home coaxial cable distribution equipment; 
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G.hn (Global J:-fome Networking Standard) compatlble device; 

Metering communication equipment within the home; 

An in-home device communicably coupled to the LAN; 

Wireless femtocell base station; 

Wireless WiFi compatible base station; 

Wireless mobile device repeater; 

Wireless mobile device base station; 

a node in an ad hoc network/mesh network; 

Set-top box (STB) I set--top unit (STU) customer electronics; 

TV that supports Internet Protocol (IP); 

IP-enabled medla player; 

IP-enabled game console; 

Ethernet gateway 

a computing device connected to the LAN; 
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a computer peripheral connected to an Ethernet; 

a router connected to an Ethernet; 

a wireless bridge connected to the Ethernet; 

a bridge connecting Ethernet; and 

A network switch that connects to an Ethernet 

28. 
A machine-readable storage medium for storing machine-executable instructions that, when executed, cause a 

processor to perform the method of any one of claims 1 to 13. 

29. 
A method for performance estimation of a comnnmication device, the method compdsing: 

After performing active probing and passive probing, receiving operational data including a counter value from 

the communication device, the counter value being related to user data traffic from the communication device to 

another communlcatlon device; 

The performance estimation algorithm is trained on the communication device based on the operational data 

before performing active probing or after performing active probing. 

30. 
The method of claim 29, further comprising receiving the operational data prior to performing the active 

probing. 

31. 
The method of claim 29 wherein the operational data is received during execution of the active probe or after 
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performing the actlve probe. 

32. 
The method of claim 29, wherein training the performance estimation algorithm comprises updating the 

performance estimation algorlthm as a function of one or more indicators, the one or more indlcators 

comprising at least one of: 

Times of Day, 

One week, 

Type of communication device, 

Manufacturer and model of the equipment, 

The characteristics of the device, 

firmware, 

The backbone is limited, 

User's network usage style, 

RF characteristlcs including at least one of signal power, path loss, noise level, frequency band, and mode of 

operation, 

Environmental statistics, or 

Data relating to operation of a communication device adjacent to the communication device, wherein the data 
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comprises at least one of an interference channel and an interference level. 

33. 
The method of claim 29 wherein performing active probing comprises: 

TransmiHing active probe data from the communication device to another communication device; 

Waiting for a predetermined time before reading the operational data. 

34. 
The method of claim 29 wherein performing active probing comprises: 

Transmitting active probe data from the communication device to another communication device; 

A report is received that represents the amount or data of data received by the other communication device. 

35. 
The method of claim 29, further comprising: 

At least one of throughput, connectivity, delay, jitter, or error rate of the communication device is calculated 

using active probe data for training the performance estimation algorithm. 

36. 
The method of claim 29 wherein performing active probing is performed less frequently than performing passive 

probing. 

37. 
The method of claim 29. further comprising: 

The active probe data and the read operational data are received, the operational data being related to user data 
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traffic from the communication device prior to performing active probing, during performing proactive probing, 

and/ or after performing proactive probing. 

38. 
The method of claim 37 wherein training the performance estimation algorithm for the communication device is 

performed based on active probe data and read operational data from the communication device and other 

communication devices. 

39. 
The method of claim 38 wherein training the performance estimation algorithm comprises applying a machine 

learning algorithm. 

40. 
The method of claim 38 wherein said communication device comprises at least one of: 

Access point (AP); 

Base station 

Wireless local area network (LAN) device; 

Digital Subscriber Line Access Multiplexer (DSLAM); 

Gateway 

Performance enhancement device; 

Digital Subscriber Line (DSL) Customer Premises Equipment (CPE) modem; 

In-home power line equipment; 
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Horne Phone Line Network Alliance (HPNA) based device; 

In-home coaxial cable distribution equipment; 

G.hn (Global Horne Networking Standard) compatible device; 

Metering communication equipment within the home; 

An in-home device communicably coupled to the LAN; 

Wireless ferntocell base station; 

Wireless WiFi compatible base station; 

Wireless mobile device repeater; 

Wireless mobile device base station; 

a node in an ad hoc network/mesh network; 

SeHop box (STB) / set-top unH (STU) customer electronics; 

TV that supports Internet Protocol (IP); 

IP-enabled media player; 
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IP-enabled game console; 

Ethernet gateway 

a computing device connected to the LAN; 

a computer peripheral connected to an Ethernet; 

a router connected to an Ethernet; 

a wireless bridge connected to the Ethernet; 

a bridge connecting Ethernet; and 

A network switch that connects to an Ethernet 

41. 
A machine-readable storage medium for storing machine-executable instructions that, when executed, cause a 

processor to perform the method of any one of the method claims 29-40. 
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JB {Fl j -, :r:j-rr *~ , r·i:;. :+ ',} ' . :i 't ,-f-t 'I [ ,_,_ i:-,i:;::+ 'f' 'I'(±.' -- . ' . +- ,,ff-,~ i:-.i:;:,+ 'f' '., (± '' 4. ifocr;,:_1-i i{X ;f I ~J 5:JZ l P; I :~1:: SJ Ji 'i'~i , :f-, 'T 1, [ ~~f:, 1 :,VJ:! 'i'±f! t; ! fl [:T 'l( i~-'EL-ri1i' : _:k_J/r f:, 1 :,VJ:! ']' n?~ ! fl f; 1' 

Jll!fF 7'1-1~ 93G _:;t'Tt~ ,t;i~ 81.J 1:f<J :?& , Write- · -i" E!x $1~J'l'i f11·:t1: .t~i ~:.z -F i~ 1J> ~--
-- }~ t'rJ BJ !'rl] , 
-J~J S'J wt 1·sJ , 

J-·_m,: 1t"1- -'if>- 4-,;. __ ,,,-:-r 2't, ~iJ 
- ,__ .,...M ... 1-=l:..l n...,_/ ....... _ _:i_~, 

::E. =f-}6] [5~. 

ffl J'1 if') j(Xj i'6 f~;'tj ¥f Jt, 
_,_e1:rrlfr-fm;~}:r,JJ$,J4Hijj~'.f-f, f1fkf"'' r-t!,'f·, %1J1~;¥Pt¥ /lt~A .:P ~-~J;-- --i'·ffJ RF i1'tL 

*T~~W~ffi~4ffl~~~ffi~4~~~~~~.~$~~~~B~Tttffim~ 
iJt ~ ~ cji ¥. j;,-·-'1-" 

::i. t~J:J't~t31..:tLl~>R 1 Nr:i:1fl''11J~!, Jt rt1 tJ.iff +.z9J-t*i»rnEirjfj : 
*~~~~~fflM~~~ffl~~~m¥~-~ffl~~:~& 
~~~~~~~~~~~~~~~~-
6. mAt&tx :f Ll ~ 3J~ 1 ffd& a<r1:nt , J:l r-tJ t;t~ 1-:f :t:J/J ~ ~v!rJ iU~- : 
'j:ft' --+ '"''"il*-'h--l±c 'f ·~•'-¼''.+, U-'lLN j_l__,»• = '1 •.+,1-'·'lL" ,,, T'I ✓ -~JI?__;/Jlt(i~V1~-iA:JJ1~1 ,,~ 1~P1r:r~J-tt11~ l"SZ. 1Jr RL6_=-::E~;TJ _____ Jill 8 tx-i=rr ; tA/.,.-:( 

10. HH~tz.tf~* 1 }ld&a11Jii:, Jtt- Jf1g.J~: 
tr~t'~~~~~~,~~~;~~~.~m~~~~oo~~~m~~~~~~~~ 

q 
,::..1 
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;;tt~Pk\±!~[~xJ (LAN) i&t4 : 
~Tfl} f=' t:iUMH:tc)\1:[Jlj ~! (DSLAM) 

[l){]CJ(: ; 

•[•,!; i'I"' l~il 2/l', ~D,- X- • 
_J:rJt....,.1-.:..! ..1..J-, vx... ur ~ 

i{ !E pq $, :int Vi % : 
~T*E~~~~~~MG~M~i&t4: 
·-'--• J--'c.• -~, f"l _L. ' Lf Mi!e /. ',, mw -'IL N 
~-~ r/ J r~i ;t8FE,:x n 1=1t:, tx frr' ; 

G. h n ( '1: =f~t* [tfl AA rrg f1i; ;tr; ) J:lt ~ W: ~ ; 
;iu{~ r-Js ~i+ ,iUffi{8 i& ~ ; 
t,1 l /, N· l -:=,r-; d'i -f~ -i+h ;j:~.L"- rr/,1 ~! ltj: ,+r j;t; '@ii • 

--------:-.1 -·I ~J ''-.J ,;Jjj,_ i=f ,.!--l!:.__,3( I=! f-1 :J _.::(J\. /..J-:::;;,_~ V~ ,ry'"_E"L. ~ 

--re•'·" 1,1 • F' · ~,-·-, +-t • '---- --<'-+: l -, - .;,;, -'". ,-.. 
/ .!-,.....~ i ...L ' -i=::r ~ JP ~ 

l 4 ~ 'f1l1 ~ f)-11:;; /.,TJ. +r:,..,; • • ~ 1•-r /-1-.... ,,-,- I' . t_ _ _.:i --! ~ 

t!t1-t ;:p 'Li·, 3Bi {1HtlI,lt't!Jf7=iI --1- ~~. $-t 3Bi {1f& 1k-, Jl ;:p Jifr3£ -1- ~~.$-t 3Bi fllrt{ 1k-tt1*11' 

') 
,) 
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(-'-•'rt~·r,-; n ,,~'-'-'fl½ __ , ,,-11:•'- fT" ,., -'i!'·:t''' 'J }c7 *~" t'·'' "''%"'-ti ++- 1- µ1y-';f;t~1•-o•n t-F' f---,-~,__p.,-z ·, "' , 1u . -- ;hi -f1 ----- •~fl 1 '" 1-c• • Z I kl -r,] i ;q •2/T ,'+ Ii / 4~ - = J', 1 1-t· ~,iy - so ·j ,,> .l:L CJ J •.· lJ/.1 1tc .:'!''ff ++- -= ,c1, -vr, -rf;3 
J i:-:1 ?./-... ... , ~,,, _ .A!.:J., r::-1 ".-"- -- --. - -1 , ... __ ..,,x.,. q ·--'- -• __ .J /\... -J V, -~A,_ 1-1 !:1., __ .,,.,. , / A.J..:. /I"">- ~ Y-A. /j:l :J,, ,".._!_-~ 

1~ '"'u -[L~ 1'··1 __ ,,. -/-- 'ft, '--· ' ···n' ~ 'D I i. I r·- ' ±· I{U ' ~ ', . j''" t·P 'k'~1Jil J-J.- fl Plf,<-t·:-t' '.1:·:i::h/' ••~{''1!1[11,:,;r;=;-L:a,'.,.t::f'JJJ1!c.:"J •ct; 
/!'-t,'\ /~ ..-7'! J-- - .J \£ ! -., ___l____. _ - /I'- /,...J .,._,,,,.1 !--I Y-...,.. /'••~,, ,..,.._ /j:l O 

t7Fi~1.JtHJ, -"I~ ,:b z 
-fi:.l'r~~H i'sJ, 

----- l±J h(J s,t 1'1,·11 
;r=f 1::i ..J -J, 

@j11t·, 
:t T7fls( - I j;=iJ, l\., 
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Hl Ij ,$- rp Af.J 7+~ ::I>~ 1" D 

23. *lHMJ tx.:fiJ ~ >t< 1 Ll .~tiy3£ t'rJ * tn, -tt c:i=J J~it- --t· ~-iz ~ 1"'@ 1tH1 ~ tm1ifr :;i( tt =rJtff f;iih 

l;if.} r5 ('.AP) ·, 1~-- '-, .~, , 

:$.: liE '*1 fr'r] 1.i:r+1 ~11. ff"r J..,J~ iFJ? l{} -? . 
>()\ -~-- v~. _ '1 .w L • .-:A.: .. ,/ ~-=1._. A. tE'"' ~ 

G. hn ( :1£: :E~t~CI{!J&U~;i,J ftr~ 1fI; ) ~ :.&: i!;± ,1{,, : 
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·}l tt PJ j" W-0 st 1:zxJ 1fr ; PJ .& 
J!:J:t !.:~ ~k ixxJ (:tJ ixxJ Ms-x :J:i'ft tJL o 

2s. ·- :M1 m ]-- +J'fi.tthti I=iJ Jr,1Y·:m1t-s(J.rfl,~t1iJ it+1-11t fr Jffi, Nr lt:fJL{;~-PJ :J:t,tf:J:m4-?'Ett,ff 
ft1"' § I 1-1:'Q 9]:::f;jl_ %,HJ\ fi"t~ t@ }nlJx;-f:LJ .-~ * l ¥ J 3 r:p ff - J1;1 tz. lu ·E *Hrlt WJhYi~ 0 

±rio rT, + 'iB ,~ '·1 x: 11' 'f' '·, J' · · f,f · ' f i:-,i:;: :+ ' · ' · ·t-29. · ,rer ffj ·_j- .lttt~~n.'z 1i'r i:i'H±$?: 1?:i ~i i:iTlSfs:, t,1 Y1;7T1~1'.'.b~ : 

'ih'· '± 't J,-h '+ ':':: Bui;.-,· . f¥. ''-t.· .. 
' f..,o t. •-l V _I ' i ;:..-" " 

ttW~~~-~~~~ffi~~~~.ffi~-~~$~ffi~~~Ll~~~~­

--x rib s-t r,u , 
· YtiJ 0<1 rH i'sJ , 

'~1··'-'n Ix.'' '¥:lfLJ JJ.tl. C~ f:.,Z:-,rr 8-\J ~/,~ ~l~ , 
+G- :¼. i'1•<J l)sr I J' 'f-, -=l>'- T4 *Ll J,::J 
v.X .. t=t1 ~ rp~ ,E,---E3 /'.X..~ J ' 

~± ~ )3J ~~ ' 

m t 1 s<J fxxj ft1t m ,j;i~ :r:t' 
~fifr1~ ~i- J)J*,if?:t{~tw:t.f:, l¼~f;" it f ,j;m1t};fP~11::ti4A: r:r ~d>· .. tt¥J RF q·J,tt, 
:Ef:±~J1d-t-f1§ ,@,, wt 
£ ·i··. ~ /;fl~;.;, ;,-,j ·("," ,~} :¼. ¼p /Nf ~{' ~r."'11','; ;J,} N h~ t,,\I,Pr·: ct(l.;i(f, 4:q' it r±i sr;:J•J~ ~/,r;tgi.t,J +r-::r::+.J.'-.i."" ->* +rJ ::r. /\._ ----:.;JI ... ~~ t:-J 1(.-X- J-r-l fl't:I Z:->~-:''j),..b, L~ t.::...."'HJ'r=l'JJ::;,1' 1 i~~J~>C:l)q, /-"',• : ,;: Q...,3{,x._j)p t_:.t:Jr-1 :JJL 1--=1..-•fl/r~ : 

1)t ~ f ,i, y: d,•-- t 0 

~1 ~1. rn 1tt tz 5j<LJ ~ )jx: 2 9 frfhl if] 1F1t. , Jt 't" -tt.t. lr J: ii) 13; ~l)[lj iI }~- : 
,lh + -.[ .,,., '•",I Jffilrfil 'I 1•1- '·¼' ';,'; u. '/1- • /.I.Cc>'" -~, t::J •;,'; U. 'f1. k, J, / .,., 
1'ff· :tJ.;1JJjf-:1Yib.x.11i!i h\P D&;tm1a i.:x. ~ 7.zJE.::::2. n ~ ;w.1a ix 'm- ; vAhZ. 

'!'1' y.[ j}J ' fl- z;}J !~ ti i't; ~]f,~ rt1 S'>J ?t. y . -t 0 

36. ~tui 1l~:f1J~* 29 JWlt:s1 h ;;t, Jt 'i1 J1t1l" :t~ i*imu ~ w~ t1.!zl)i1f.iil~~tfJ t:t, .J;klff ;-5•(:1& 
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;;tt~Pk\±!~[~xJ (LAN) i&t4 : 
~Tfl} f=' t:iUMH:tc)\1:[Jlj ~! (DSLAM) 

[l){]CJ(: ; 

•[•,!; i'I"' l~il 2/l', ~D,- X- • 
_J:rJt....,.1-.:..! ..1..J-, vx... ur ~ 

i{ !E pq $, :int Vi % : 
~T*E~~~~~~MG~M~i&t4: 
·-'--• J--'c.• -~, f"l _L. ' Lf Mi!e /. ',, mw -'IL N 
~-~ r/ J r~i ;t8FE,,x n 1=1t:. tx frr' ; 

G. h n ( '1: =f~t* [tfl AA rrg f1i; ;tr; ) J:lt ~ W: ~ ; 
;iu{~ r-Js ~i+ ,iUffi{8 i& ~ ; 
t,1 l /, N· l -:=,r-; d'i -f~ -i+h ;j:~.L"- rr/,1 ~! ltj: ,+r j;t; '@ii • 

--------:-.1 -·I ~J ''-.J ,;Jjj,_ i=f ,.!--l!:.__,3( I=! f-1 :J _.::(J\. /..J-:::;;,_~ V~ ,ry'"_E"L. ~ 

--re•'·" 1,1 • F' · ~,-·-, +-t • '---- --<'-+: l -, - .;,;, -'". ,-.. 
/ .!-,.....~ i ...L ' -i=::r ~ JP ~ 
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~~o~#tt#@ffl~~~~~~~~~~~m~4 .x~-~~~~~@ffl~~~~ 

n~~~~ttffl.~-~* ~Rffl~ff~~~~ttffl.~~~%~~,~~ffl#~~~* 
f±.EH.-,:)-.j-.;,i-=r,·.;~J,+. 1'.I 1Si,Z.1+1+rJli, i;1 ,/.1"'-i~- r,?, z' 1',;,•J l1(] 1"3 j\',,li,-iif!il'_, (1,{1,1•1_f: ~f:1· ~ ..-~r-17KA-:.1 '"" v, ,P ., t:A v, 1rl.,6, ".:J t.X..- "1:Er _ ~ 1::i .Jfl r--1 ;--A.L,;J.f.:ri-• ..1 _:L f::j !) 

[0003] 

[0005] 

M*0H~~~~.~W~@~~~~*0H~~T~~~~~~~.W~NfflT~~~ 
JEfJ_)'gf 0 

[0006] 

[0007] 

[0008] 

:fJcJ f'?~[ lj±_ra• o 

[0009] 

[001 OJ 
'J;Ju" .. ~ "·~" ' ---J +?'r.1~" Ch3'[' ,--·•-+I) ' '2B '-'· ,., );; L-7 ± [Y.j(j 't '- n '2B p. ,p );; 'fy:_'¥, '•1/_11 21'(-v• -- -.il(l""" -:::cz;n 1;,i0 ,llii · ----- 11'\t -- 1ITT-"-l "' ----• ,/l"'crJi,0 •'-l- -:c- ;1_, r---] Y.)( 'L [r-11-+J-------,m-1,c0,',-}-_x_ ---;x 
f.n O T .,..,--.... ·' ! p --=c. YJ ~/;',.. ,J.., )'JA ft , -"'JI'-- ':I\ ,.\!.!.i I 1-:f t.X.. 1B" ...:..:L !- - ..-·f- ",J ,.~ '1---1 t.X..- J3f" / <-!,. 

8 
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k~~~~h~ffi~~~~~~~-~-~ ~~~~~Tmffl?.~~~~~~ffl?~ 

~-@: :its " (E ~ fr; 1t.rn p _\[];: ~-(fJ fl t5l "F" ~ 1f ±. i.JJ1* ?WU R: wr fj~ t'rJ • f.Q R:ik ttfl ?ITT~ ;_ krc: ::;f i~rf ~)11 (fJ , ~ 

.,1,1-,1:n1rJ ;c,cr \JJ, ::~.-t;· r-H;·'.1 \[l: .:t~i11 -11,0 81. -1-+;01· t:-:1 rrJ- hj, ·L z:h .}.?,i,:;J1w ·r1J· i'i~ rJc,J 7'\1t-/4'1q: 8·;,1 ;~-p 1 ~-:f11 1 m;;t,; ·1tr1 !'l-<1 ;)Jt /"_ J-.. ., .... '\! - -__,..,, . rn -- ~/~ 'i::i _]LI -T , IL - - . .v- Ll _I _:-]__~ -y..) _,/!'- •J;~ r:iu L-- .:.J ·[.,,, 1..-,\i -J i::::r- l.L __ '::E. ' I ....-_,,,-... ,.,......, t-'_ .-• ~ ~ 

B-Hff;,;.'_:]'J{J,vfJ:11I:Y·i'MeLhod and System for Performance MeasuremE::·nt uf a Cummunicaliun 

[0014] '"J .L '"' 'ft' cff, °"I' ',/ 'D 1A. ''" 1ft' -h 5t' 'fl 1-±t '"' C--0 l•) T7 =6· - , .... k ,g/ .t:n M,· r-·J ..•.• ,µ.. ,,, A, r tr Ni Ulj.r,tc'J,'- iJtl.Jt~l"j:f'JJJ f:J'"' - • ulJ/- Z,-1· 1,,c rn V /'-7·ck0 -;ic:":g:T•·1~,);IT·•,'+-.;_+--£,· Ir =·r:;i;·:z-1": ,/ ::;.,,..~ ,, , v-... •. ..i _.,,,--... :.:±'.".. ~~ ~ 1· :!A.A. . ,, _:;A~ ..,, B i,_,• ... _::-:E~ j\,,_.,-X...-1.--../J' ~-';:)- _..;,x.. /p ! 'J J _, _ _.__~/)(.A __ j7 _.,./ _; 

~~*~~lli~~~~lli~-•.~~*~~lli~*~~~~ffiM~tt~~~~~tt,# 
,--, ' ,. f+l ·i·· ... I L-,-1,, +kl fire ;W -th' / , 1 ] ] \ f+ ' ' ,,,,. '+ E-13):;ui:i ·1Jl ;c}J;XP.:'. r:~Jj;J t_operatrnna ··cata··un y, ·r:-ilT~-1z::o 

[0016] (E-·1"~ Jilli jyiJ ,i,, -· e. ijl! l*f6JR ;ll iE if:t!E.fliW T fx.1i1tc~:/M11i i;f- trJ tf±: l{E§ ti, lt!t 
~~~~-j~~Wfr~,y~~~±~J~~(~~~A~~J~~'~J~~(1-f~#~~~fiCJ. 1t~J·~ # ... _/", ,t---tj J_:;'.. t~ _.,..'"y, l:::I 'J_l___/1 , _,.,..,_,q---.; ~~:; _-=i_- Y. 'J/r-..1.,,., '· /"" ,""1..~ T.x... - "- ,_:t •• fJIX /J / r-1 I .--;I ._,., • /\ ✓ /--J • ',, i.i--'-lt .... ,A. 0 ,~ 

-~~~~$,~~-~~m~~~~,~~n~mffl~~~tt~~tt~m~~~~~~ 

~ 1x ~ 1 l, 'ilX :it~ 1t it :i rnf V 11 f!Ji'ilX :it~ 11:J ~ .~~: , i,~ if ±tl1 Hi ~± itJ 1* i»J1J • 

[0017] "pJ ~), l)J ··!t~~F IJ'ln:r\'l~ffl 4~i~Jf iY'l~tUiiv~ 0 '[9U flu' {£tfxi~1 J~ IJ'11ffi ~[fl, ·r1r PJ)kj( 
tfLJ ( fin 1()() +-~it 1()0 /.'-.[ 1' 1 l· 6frT¥ r1,\;c[x)(]0'z l'Jf.J;mfc':?;JJ-:?." ') ,f"' l~~ft'z cb1Jkrfr_±z·c:hf.?,i,1lJ1i1;fr:t~1-t::Wr :'£ 7,,-, '! - ,J ' -;;.,'1,i. , !::'A -- --• 1=1 .J I ,1/, ~ ' ·• - 'lJ ~ )---..:,.. 1-:f I.:'..--... bJ.T ,,,._t11, l ~-f i"f'IJ - i-.r •-r~ j )( * --=c. Y.J .vi-.. •h~ T'f-' ..t?I'~ ' ' PA 

ffi,*ll~~~~W~lli~fi~m~H~A~~~~~~~~~~tt~.~-~~~~~. 

tum ff {Pf j):ffr )tiJ l'r~k)l~i,1: .)] tl;ft ( (<jr)f!D SVM ( :~t}''j~ E:;lyL ) ) :f"t~lij-:;(:rriltf.!UWf~1i+" 
!0018] -fJ; r,?, -· /-=.:1'711 c1:i. 7'J;ifi'F{f+ ,•~1 l'iJ tr1:J w c1:i. j'ff !)l ,(,+ v,j·,m1·$; I_I;,(! ftf;z c1:i iv.r #i- /"-I 1ffl 1'$/tff f:0'1:,,,-,3]- ,rti •[ft~ .. ~1- -• / J / J 't ,/ ~ 1 / rl- -• ':./-.. ,;,;,\J, "-->, ~~ 1~11 .:.:;a-.... 1 / -• "/ ~ -p I /\ ,.~ 1--l VV:J -~rJ 1 ~~ ✓ '._•er ,.~ 1--l J,j._;_ µ. -1 -~ ____ .... __ L 

~~~~~tt~.~~~m~~ ~.*rr•M~~tt3~~~~f~m.~ t~~ 

(' .1 
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'± 
iflo 

[0022] 

[0024] r-cr~ tillifft MH& r:p' f(~{H.lp $ fITT rL ~ t~{A::zV,: i~:ff A'\J '.4;1ffii1}rlj B'r~ ~ tilli m¥~fo O f<trni:L x,J 
*~~a#A~~~ffiS~~~.::zV,:0:ff~~~~m~trN~~@~~~~~M~~~ 
rn; . 1+ Jt.•t;;,).cJ··~ii,1[ r+1' 7'~1 ( 1,\J$ tb f,t; ~~+'~· 1;:-:r:i:: r:1<1 '/c·,r,l•j 17ilj t~}'6fl' j) I if[ 1tl ;1::: ·J·trfui x: ~ '1:¥:£-fll±th ;-'"i~ t111 ./'r f1f1: lrr.J Jt;l.,.v )--'-.../-., ,.. _ _. ll ✓ l .:.J -, ~-r_,.,- 1L,.,X . ,--, Ji r -,_7 ... !(!.,,,_, - •-"·~IJ'i;,~ _ATL-m, ,,,- ..., . ! ,rs ... _, , --~ll- _.J,..., ~-L f>'\.1/ 1 

Uff\L;lt" ,;r~ .!'ff j)I 115:jrtJ)t:x, 8 ±:tt?,,.for1,,f[J fI1' ifli rittrc1.b. fji':•tf~ .F -~:J µr'~1 tt:·cJ;r,1 /,1'-.fjf:•m ,7 .:;(-,fd-: .tfA'.t-:,,,,. r-L ..J_A:JSv'.X. "!..Ei..-.J_"A.-.JY°~itl.'.J~,_ ___ lJ •1:..X....,,,.u!-,·~---f,...!)<.:_/l'l-•-~--L;.[',./j''.J1-,..Jl.'.I ,...!)<.:__~_Y/u,10 

[0027] iJ11*.Y: 9=11tHi IJ'.j ( i~"H: :'!1·57H~5E ) , ts1i:i£~jffixt;$~S<J Vf,1Jziii] "% ,, , "% : "Jtl "* 
= , .. ~$ ,fv :17 it· Fir(- lb r:1<1 l:JCf 1ft:l ,5(,+ffe', A~! .,f~ [rI1 :;;·•1'#1[ .LL; E.-1 p 6~1 J~-1: ·r :c,t,: f]8 finJ}i',-~itiJ'* "':1<J1k 1ht;,,5(;f ~ J!'l,Jfrr ~ ,_,,,,A..~y.._,..J~r,,:J~r-,lJ:! l;'.J\ _J;::;.J'.,_--.-.1/I ~/..J'\/_,,.11 J __ -LH~~..,,,,11-=-. ,1:'(_Jj;,..i--1 -L~_,µJ ___ i1 ... '--------- ~;:::~,~/_.-,. 

i'E o,t !'ifJ L , ZE '=2: 1·i1J J-. , tb~ 1Ii; t& ~ic l:l 111riJ A '8 lI :rt~t =p t,J 5g ff:.i JilIQ py; o ;,ft ii "¥ ::zV,: L ", " :k~ fl", 

10 
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"JL:P.'\ '"j;_:~(J'\ ''itili" R.,~i[J,*,·F~Hlfifj:-f· §J li~f!'[ ··20%ml±l r:ig 1¥11L 
[00~1 001~~ffl*0*~-1--~~~~m~~*wm~~ff~m~~tt~mtt~~ 
i-r{·J ; WI i'~ ll\1 y,;: 1 (i (i . tx. ..... JI\.. ','.L~ -/1,j:i /<ii I ,+; ; ';I, ; WI i'~ lll1 y,;: Gl ;!:+· Ei - . .J,-... Pit 1: //,\..! '. m -r~ ;{}· _/c;! l en ; WI 1'~ 1·th 1-T'f. i1 _ "'"'-!- t:::1 , ~ ...-u - .,, .., ,., ,_L ~/• .. JJL. tJ~ r , r_:,,- .. ..--,;._!- t:::1 , ~ ...--u L~:L-: P - : -~::-'\i.::Y A!..!.:.- i::::r 1-..:..x... 1B" - , •- 1--N•--.,..__;.- 1==1 )- ->.tf~\. 

·K 104 [()b- .;j'r, i()h 1°i1f•.fFR-~-f'/Tfft:r.:r+n / j=fli+gg,1-,l:ii:?1';±-1-+•t;f;;,_f,. 10') 61,1t15 A l.[-1fj·-,_/,!'-'R.'.)'1lt;J,q1[ lli ! "' . l -·Tl-I J._ -u1--M t.._:.L'H-li IJ J t,sY! -·T'I-I , --~.1/'C.i•=u ~1.Jt.J ~-1 v: -J~·i.t.-~ 1 :..... ~~.J 18 :t, L_~·-i=:_. I, ~t!.'!.-1>...J 

~.~~~c~~~~~)~~~~~~~~~~ff~@m~4m~A~mT~ffi~;~ 

jjj},§;ftr?~{ti+Jt$·! 102 8~ r~1?- 0 1£· -1'-~!kmI17ij ~' P} U;}lQtlli-&1'-5£11{§ i-9: i-a,~~'.liJE;,f!1}1;ff, Xti' 

fI~ff:iJJ& &lHli, lj tf:l (ad-hoc)/ [J(xJ,t}UxxJ r~l B<J 'WA\, 1:JL rnt¥r~ (STB) / tJLJv~ ~ 5i:~ (STU) ~~ t 1 

~~ -i"ii ii<~t9' IIJJ1s:i~1H1J· ~x. OP) rt1 fEl~, ~tt~ rP r:rJft.t 1.zls:JIJ1.t~:L :t:t9' 1 P r:tn]t x~t~1i1J fr, ~J 

[0032] 

zVJ-t*~Pltt'sdtJ o tE i~31{1il1i13Jlj rt1, i:t:··1'-gtz:%, i"i!.)1{§ iM: ½- 10~\ NtE't; 11'] :S· f';J Er'1iill10tlHi 107 

~:e-iJ,:. *"#ti it~,tt ft rti {,, 1 o 1., rt i1~hffff7i! rti, rn i.¾-"1"-iJX: :t"1"-@1§ii ifu- 1031 N3mi13m 1'3¥it 
if* 1071 -wYvf:Jt ft~ 'Li' 1 0 l Ht ~'.SC ff'} Pf!i) x;;z ,'!:: ±. 291 ~ :!r,.JJ, i~ J=A,1J .W.r:!tt EB XtliY. l mt {G ·t- i,q110 .!& ½ 
10 3 ,, ,1 -~ G. rr1J •lii: ~6 ,f,+- ,+Ji,'; 1 ·. l o? J/i$ R=i i; 1 ·il i I ~tr: J'); 1~l; ·/-11'. ~ 6 ,f +; ,:j· -~ ,'; 1 " . ,·, c, r.-,~ f.1 ,-~-,,L p '' T, ;z;; .... l,'-..tt:i' .A 1 ,;,'J\ ~--··· ,.:t.,·JL p' T, ;z;; . 

[0033] .. 0(. /.·• " 'c6f·i· 'lL ~ ·1 o~ .... ,.~, 'le---~• 'c6 ,...,_I' 1=l';?:7···r·,J1-t! ;c'tv-t, :~ Pi ".1t::·',-J1-t!J'lj\/\ 
--- -~ -.....!.- ,-1 _.,....,__ ,:r_ - -J 1 --N " ... • • ,-, ..,. --..!,. ,,.:!_,. 7 .,_ 

[oo34J {E-1'-~Yivu 9:1, 1t-t,r0Z ¥•1'3filf§ t§t ~ 103] Ni!-:JJ3 PHtftr&fr: t~~l~!rrr§ -~JIB 
f*it1ti 101]-N J-.11r:j;tJ r 1&1Jt,Hr.~t§Jts~1 it·J& ~tf~Y tt'1t!ftH'f:I'11Jtt ~J,rrut .. n~tP11Es~1•trm 0 a · t 
~:t; ~ ·fy~ [fl ' 1~ flf1 ;~: s<1 HJ r's] {:t: + 0. 00 l :j'J) ?Fi 60 f!J; ff',) ftI ml p;J O tE Jt 't 3t: .lflii 111) rt1 ' .PJ l), 1~ ffl J:t 't; 

li 
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[0035] 

Pl NJ ,~ 171 '·f ff-; T tt ,_L, '·ri 1-'-- 'rt /-:,1 1-- A •-'- •,L '"J •4• _''"I'£•_-,;,; ·7----_,_•1, -1(3 cc:1·,f_,';,.. _[.----•/t'-','f'_Mh ,.JI 
~--! ,t ,,. t-1 At::!. J .,,, , LJ ~...± ;:--=-t l(...x.. !=B o _l~ I ~ /.Jl~ l/ ' 

i~ t~-~ ;xii~ EB~ 't; lffi f§ W ~ C 
j'ff;~ffi 
,.::j)'...,~.,l:J/J:to 

5/ 12 Dt 

• -.• {--'-- 'l__t 1k o') 31±· l- J_t: ---i•iH 1'. --l-•i-rr 'ft ·tfJ /[· JlcEl,,"'lu - l ·. ------- 1-,_; :,;; ''j--'-V- tcii-,T. 7 ---,• 
.~ -~ 1 r=-1 t_,,,,'". ~ L-'1 --L _:':.Y ~ -· ,Jr-.. _¼ ''l--<... ,., ~---1 , 

[0036] t:E----· t· ~ ~m {if~ ;:p ' it------ -i'· ~ {G ,1'- J!!l, 11§ i:;t 1k l O3 t -N r-1 j ~ff.* if{)];Y.J;~ ff. ftJ}t' ~~ t*fF ~ 
tMJ {,JJ,\ -'0 'l§ UH: ( Wu izD' ;H;g 1 O'i' 1 \/' 105 ;f-~l 106 l 1,1:7-Js] tit g:g' rn;1 if~l 106 l Mz fsJ Er~ i.l:1°W6- ;i:11 / 
---f· '0-3 -,n 104 , ,•--1{1'· ~,:"' "•t,-:[;lk1) -r.~-'l'"-±c-~J'4- '.c]-¥--t'.v ~+e '--•'.+.f·i·•D---1.1 '0'3 t'.v ,1,-'-'-''" ,cr.c, 
E-1)(. l : ~:;j'µ - z iEl. ~('j Lt)L 'f.ttrrt't 1ii-l A-f*f'" '.'iK(r·,('f ;1'.,: ,1-J :,-i)(.11;~' ':cJ )t!i ; 1:.Rr+.r l • \ ~ ,10 =I fllj TRR 

[0037] 
,,;- --l-· -·' 1:R,'F[I' ,,-u -J-.rl ;:--• JC· l=l . .f;t±sf, '= r ,,_,_, --'-• -•n' t"' :n11 [* ___ ] _,) __ -'-• -- ' -'R,T[jl 13 ,,_,_; ;· 1·1 '--j•~.,_-; _,L '0} ),c--•;:.; -'p '.1T --t-- z_;Jl '""·-•y•' , 1V u -£0: ' 1,_,, :"6-' f,, 'A: o {'··, = T;J • ,,, ,j, _, ;,/ = z_;JJ~'"': •,I : -,-cc:1•""" , • - '' },--e = e- -/Ii-- ·\.-t -1. __ _.__~ .v-J /l"'-t '-Jo "' Y.. ,, '-'-J~. "-->l:X_Y , \(-!-J /\._-_l_. 7 /I l,•~' --- ~ ~-:_]_~ 7 .J/l'·V•.,,,-1.-,~;z.,, '- ---A~I-J::, JI _ _.__~ r .J \£ 

1:-J·:,li1J;if1:~'1IJlrJ i ,~_A(J. ';!;\' ( J,fi1[·IJ.'n, fil-----ly\,-t,rf1 \ __ ·1 dx. -'" J/r.,.1,,._ ... _ ±'± ,., . , ·1/ _, H, _, /J i, l I v 

[oo3sJ tr>· ~ nw: Wu r:r, i}~ -- E&$-t-»111,;n\Z ~ 1 o:\ l;i=iHl.k1t 1~rt~ ffl -~- z;;IJ fti~jTiu~~ ;f:P 
:J:,;iJ-1 J.,1:--,j,(J :J:,IJ/-W--_.' 1'J[[ 1'4 t'....jl'l 57,' 1=1,< "1-(j fib (~t.,-;f i'/" •)_l: 102' fr.±- - /,,-...'fr: i'.,1,T,1 ,/7.,lf, ch 1_,!,;- · ..-"-! # :,,.-,- ,0 -,ct; ,f~ ;I}-~,-,? -..~ , , ·>< ........... n-1 _.1r..._ ...-:-· .. /, 1_.1 J r.-r- ~--1 1-=-1. r-Jti ! 1--.. I/ -:FF---1 t__,, o 1- ~ , _7 .. , .. ,,~.:..i'I/ _, I , v,,..... ;~x. _9 ! .At1i ,_:s ~ .... x.,_ r:i=1 

.z.Js] Er'115¥li',JHII / ~ 10325ffl 104 zfsJ Erb DSL 4',(fH:g 0 

[0039] {E~-t-~hlli11Ll i:p, ir-~~11'J:1:!1J}j-1J\.ffi r§'~~ il-~, 5:J\.tli~'IH# it-~, JJ.\GJJJ ffJ ACK -;l1L8, il 
'2&1~f ;:p ?iU> :7-., -0 ft -i"-~iiffi iJIJ 4l, it- ·/?" r,~,$.lhffl'fl§i& * 1031-NPI1*1'F*t:E-t:ktff :J.=.~~1* 
ili!rl :it~ i'sJ wt;(£ 37Z 17 :t)VJ t:1rn1~ I)) ffj it 1ix.15Ydt :t'.ttlt ( H IJ ' 3it 1 T f}~ i~Jmrnlu ) 0 

[ 0040 J tl tm 1t 1r· Jt it tY.J 11t 1.ifg _t_l'I j'ff ~t I1'x: 1R T Jti ;~ \1.lr. % :ff :rt ffJ 4'-r_p tl ~J }l. r~ rt ~f P f;s :il.t Jf J_i rtJ 
fi.:+,'· ,1-1:1:. __ tr n;: ±.¾' i:.iJ r1r,1,_ -J+i •tr1 1c', , ¥, w f-1~ Ji"1l1 ~,~ 1 H:r. ~. 

1fr ;-J\, __ fr.±- 1?1· - ¾ ±. •£'i'_ i:.iJ pal,_·,$; /1;,-r1 1·-t: , rt w. ~~ --L- /r1',._ T:: tr1'_i '!J!.,.~ 
'l..1 !-•~'--' !-----'----'),/1\v_JU ! ' 7t-._ /I' !~-1A.8 /-~j nw'Y:J-...n--..:J~ .. -_,..'(.__)<__1.' J- --✓ J-/P JU ! ' >K, ' !---lN_.-_, -• Hu I / ,,,, _,',,,£", 

:l:IE.21<:~ o {E 7.. ~ :E7F i~ i:p, Pi F ;f-11 ·fri rt i'iJ ~E t§1 ~J-fu i:1'.~sf, 1[Lt:~1X {r:rf-J ,t-)j;/(;~ z fsJ 23z:~ o 

f0041] -'11-c -----,1---•;it: iit1·E11 [t1 Iff 1' 1 .. ~·1w •!-tr:±1b lf//1 w/J-'¥·•~! ..;~- '.'1 ... (r:J•!·H:: ~l::i'+.;r.m:,1"-J:. 109 11·: -----Ar,± i'i~ _ _L , ~ ,-,b /~ , , .1 t), •'-t::!.,---'-• __ L,. w y)i:ij ...er:. (_.J,J- V...X.. r=i=:, !-, 1-:t:. 1 .... u t:i VI :J+ ~-~ .:.. o ,_ -• J, ufil 

Wu rj:-1, it~ -·,t-glr,;% 1~i!fi1§ i:,i: ~ 10'.\ N-i'iJj* ft ;1{itfti::JJF.iH1JtH0:Ti-t•it rn2 ft 79 -J['-~* 
-t~tiffJ ili 'i&, Mtt~c1EH_Jt'inl, 102 ;H:1:f- iJII f1l~, ~-t-lvl::t 1-tl'ttid!LJl ~XF ~ & z~ :~Jzffj st 
i'frJ ., Jtj ff-J nt 1·8J , ii! 11§ it{ :i 0<:J ,;t jg ., -i!;t ~ lf-J fttLl il:i :# tlJ j'/ r,~ ., iii 1k tt 'f'± , lti:l 1it , :±. -=f- )~1 ri~ , ,k-t~ ? ff '1 
f-i)(•I fv -1·-, . .=R J:½ :-l'- i:,J [;Cf'....{~ _q_ -,•.tJ "'-'" J':i\i;FJ;+f] 1§' -1·/i::: l:-':) :-l'- r+J z.;: 11, z" ----• 6,'.1 f'-+ 01:j'i (Dt''i /k~, ,:ff-· J:r'f"' hf· '--f-l~ 
!~j . .-U .IJ.:,J--tjTt·.:C\.i~'t'_;:Jµ ]~ r_J .)-;/_ =--:i:~'\,}';,1{ rlJ /r j* t-'1~ .. C\J l -~--t:jY ~~:;/tJ (!)., ,,_l\l-11 -t•r 1.=t:-.>/1' _5f.!~1Lt1 )q 

A •"-, '·'-- '-,: • j J '-'• A ---~•- ,<7 A ,-y; '-'-----•/11~'.,'_L h;ht\,tii [: i-'l-----/11~n --L-·T'•ftiJAcc /-../)l;.;il/'J , V:J< .--- -y ~)r=-=i 

-v.st-'ffl- 1031 N1-=iJt*ff. J1<::«iXJ~z111*1fll1J1&tr~ 5t- nmu::ti11Ht1t ft 't" ,c2 1 o 1 c fl1J:tm, mi-,6~ ) ff>J®{§ 
;!w& 107 1 N1tr1X~ft125di, tt rti 1~~fr:: 111 ti tr 11~ tf ::L z;;/J f* 1)1~ ~J -~a , 1:r:dJlii" :±J1J I* i)1~ :Wj r1lJ ¥0 ; 
~a tit.fr ~:.t i01*1ffrn t.JJa· -13 * s -~ - -t ~$-t Jifi f* w: 1k 10~\-,s<:1 :rt~t!l1H1. i-ts Jt O a -1-*' Hm 
,f,_Jr1 , l-p-,,n, r.t-1 ,,'., l l'11 -PT 1:,,i,fii::: -1t.-Jf<3 ;Ji~ L z::/✓1-¥:0 -1'.Jrr11 "'f• 1~rl ~,4·i~ ;~ ft( 1}} :Z ·011 li/f:i;-rlt, W1'f.++-~+";i* 1 rJ· ~1• it: rl -~ I/L,1-t .. LI - - ... 1,-1-... t----:71'---1 .. .J,,-,_~_.JJ!'-J,~=~tH/"\'.j,,:,,,,,J-.!..:_r,,____,._,,, __ 1x1 <>".J•!-~~,..JUHV!.,- , __ _,_, .. _,/!_J__ 
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[0043] 

)l n. t§ j;(tJ'bJJij ~;f:,z w~ J:fl fN i}] ~ :i'JM'f: 79 ~~'1 }.,.[f>J ·r1 f?Ni:5 ( I 31 it: 10 2 0 

[0044J Wrl-/iiJ, 1Jt1--t cj:i ,c,, rn JC .BxArtE friJJt't 3m1a 1& ~ ) -PH;J,f, m ~~ F cj:i B'J ~,i"lvtt ,t- : lk 
/M··•;;+"' ···1 --1/--Tf-'f:.l·llJn.,,H---• I --••'L.7-r···••k,"' ··-i=·1 ""'1·'L·'•:JT1~,df'I '·· 'I•!Ul-'-•·1,,,-n' ,, ''cf;o :w.>f•j + ✓'--7 , :;1~.97c10UJ~U "¥ ;:.J, J\L1111l:r:. i1~t1-r:+ ✓''J Jr 'Ii:.,.@ "J ,~\\\\ii'r.>T'l:ii., r;=i tfAJ.Lz1:ei:r,Mft7JI~, :3zh 

, ,C, +r ' ; ' :i:r;• ,v ~i: f·' r··r :f' i'l:L. ,---,1 !,,f• ,,,,., ia,c .. , .. i-57.:1 +"• ;frrJ :JI.' / i >'f '<'J ,L /,-•• ;,j '<'J 7'.')< .. ,, .. ,.c, ,, ' '<'J ,,..,ft Iµ J Iff 11~ L 7f 1~ ... ~r~ ~~~, :f'P:- J. .. r t· f\J: lt{J ::ft tfJ '1 :~. -~*:.. 8':l l~ ·==t~ .... J!.li 1--ri :::1: )~j , :t<- ·01: :::1: )~j , ftfi U:Jri': 7 · :1: ;:J ·~~-J-: a 

-1-- ++-,-i- •·'7 \';:; ''", rh ----~ l', {+- 'T' ++- •·•7 .;.,, "" "' ,d,• '-f ,-, A-<·+ ·. N •'7 ,,1- ''", -ffr, J• .L , L' , I/ rh , j O, r-c 1u 1, 1:::i~TIJ2'i57Ll·T, PJ ;.1, xffJJJ/1:::itiLt;sr'-J:'. si112~0 r~tr-+x.,fl~lrJ2'i57Ll1l:n)<'.6rHi7L1-uT"'L~· ·_ 1 1.)Y. 

mmff~ •~.m~ffw~mw4m~~~m~~m~~fimff~~~m~~m+~* 
J£ic 11~ ft, L). iJ[ I ti~ tt fit 1-r~• i+ 391- i'z::,, 
[0045] (E-·1 ... ~fjfiljyij [*I' (E iEJJxxttt rrn{ti fr'w-Y±c; tl~J i}II t*tttJt tJ. J§' fjJ tJ. tEYiff 111r~·rn J'ci 

\)11- :%- "ti !~fr B{-J 'ir10i-f ffi :rt {t Wt{fJ ( ~{ ~ +P ?~] 1* wrn ~~ #ft Jilli ) ll{~ tJE WJ #4'1' 100 0 {£ -i" '.>l )1~f W!J * , ,H:~ 
fflMtH:ffuttJJgiti+ lfj './ffi ·~ U17x.Mftx,r~tfr~ff"~t@1ti tH;tf 1ftHJI! f*'i.&i@t'fJ '/ffi ·~. -PJ u rnfEliiJ 
~ffi~4~~~~;~~~~~~~~~~-~~.~~~#~~~~~~Ll~*~#~ 

~ffj. ~7~~~~w~~~~~-~. m~~~~~~g~wm. 
i,,-004·,,] -!-- A,-/-,',.'-J-cl,irh ,, .. _,_._,1fj:,·•f;:f.'·0 .=J.J·'iE'·~h'' .. r,J/,7 ('lc1,lfr i.-'-k'•h ·o~ ·o•-+n ,,--. z' 
_ tl: ~ f * /Ji:E 1:Y~ 'r· d« )] lZ, L'.~ 1\1 ~Li-'K ·':J ,l_!![~ i=i f.ttirt:f , !)'~ y,lJ d.l"!:WtJ l I 1 N, l Q 11'H l dt\ M 

i's:! i'r-Jtilfi, 10:\ f11 106 1 .. M::t.JHJ B~J'!itilil-Jftl / $i; 103 )Fn HlLZJi~J tf'J DSL ~JHi) s<J~HK1H1.5}t§ Jt 
,'r,(J+f·3¥fr Jt9- 6<1 •Z::1":C-J-1'&; 0 1+ --Ai '.J'~ /iffii'J'·1r rf-; 1'+ ll;:{r.~!1:6/,i jz;J.?{"'' -BJ,.1+-ly\-{:J"l p!c.,,,"',1'+ )«T _/;Ht~~ {+"r·f·3¥fr r~ v _-:J,.X..-nt:rr~:J<"C.- _B.- ,-----'--... _.'k.1-,d.:.:..1_...) t, . J,;,....,_µLj 1-1,, _ ·-· J~L L~_.:rr::: /J., _ • .,1:::1 v/,._ ...... ~" _, .-:_.__t::tL -..: v ~x.., 

JJ)UJJri<J ACK 1rL~, ~l.'t1(A¥ rp ¥.d>:t.-· 0 f7rj-/;!J], Bl ~ E-E{i1·9&·i~ ic.;~{:(:f'.f ,~,R:t~Y1L 14E:.i~3)f<}1~J;tti 

fYrJ 41, ~Vr=it~Y.1'!§.Mbk,J;-1.J1+z~i'f11-tffJ.±~ J1nit1t111L o fr ·1":i. fiili f11J 41, if:!111Hi¾: ~ c wu ~d, 1031 

EixfJtft r:r ,c_,, 101) ff Pr1tt~ri>t~zJJt*~o1~ o 1'±: :i.3:;¥rfi ~st~rrfil f1u r:r, Ndm1trv1 ~ o 031, 10s, 1032S\iZ 1Jt1t 
111 ,c" 10n :li!H1::'6-1"3l!'L'fBnUi c tiUil- 1011 N' ms tr.r 1061M:::.::.1'i'rJtfJtju~,;frr 1 !'.tl 103 2fP 104 z 
j'sJ!'r~i:iJ*) fwL'1'.f·-:lm{1§lti1¼ (HH,lOt\i~ 104) 

1&:0Lt::z:JJ1)R1ftrntt1Jto 
[0048] 1:r~--1~~filliiJU cj:i, {E~f~ "t" ( ;~u izu, 0. 001 tb ~ 60 tP ) !)), fi5, 1±}{'.JC ~lJf:HifJ:: ir 
'j;l:.r "t fi:'i 1E1J r1·1 1:ri1 # i,A t,::,~ ;-t· l'T "" ,+, ;7 ,,,t. r.:'i .:t:t: B? .J,, ~ ;,,, :"Zc:f+'1,, # .Jr, ._,1 ·• lit 1;:;1J ct,:J -r·.1-~ 4- w±--~ ...... 1=1t-, d::l., l7 !:i.-, ,_..,[. 1--L~1,. ,..,.71" ~- y)lirit-1 vL...1.,.-J\..Jt,j"'_,.,,~ ,_, l ;.SZ,..1✓-,.;. -J _, o i----'---- -.::;T:;;r,'lli [l , , I _;;i:::i t-. ---

""- Jt r.t.1 * nL ~- = (i:-v,_,311 -~-:., _,,.,, ---'J=r,~_:_-_e. ,U,., 1 _1 

1{1 bL. '-tt t1 ti Vi=9&~ t¥Jti:3.. o/'ri' 1P ff0fff1J 1iij:zi.. filrH· ff ff:Ju:r~J.itWf?~~ltt:Efu" Nri1· t¥J~rtt 
,-,-o--,-·,t'·,',ffi(1I r·.1 f"-r··>nrL,t•· ''1 r;(-f'JJ.l•,'t' ~-+1-LJ ,, /,;.f,n,';('/ ,.,.,,.,_, r·:('./.f'J ~- >c-7r·--]'' fT-1 ., ± ,-a,b(·--,'-• ,, 
}l[/i'h.EW~ i::d h ·)r,tE! llJ l'Jt".fe:r;r1ix. f.'f 1:d 'f·l'J l,[:i~til::if'1.rBJ B }l[' [:_s;('fy fG' 1X 12'- J]ffi? T(it'~Y Jf,7}' 

Jti.!,11Jti i:½4'1-&4f, Jl J::l.;t-::J'"~~:r::.Ji ~J §I ~~t-~~t±~tfi~1JPiH&~i{J'J.ft~.ili'.:%- o {E '.>J{tifilfV1J 1P, PT 

~~tt~mffl•~~fflfr•~~~~½~ffl*M~ffl~ffltt~~~~~illff~~.*~~ 
Mtt•~~~~~~#ffi~~+*~tt 0 a~#~~ r=r.*~*mlfj~~m~mfwm 
_)=; F':l +z~ fr,;-,',{[{ :;r:J{¾c_ J;t,1 6{1,{J; EB (B2-··B 1) / j ,c;/'J 'J*·if[:lf·t·Eff 11t.ti',:fi Af,i .'li pJ- ~·1';:£7 ,j' tt ;,t ( -..1£1..l_,...._f-=l'J. 1---• ' 11--=t:.1-l)t;.~J'j ,.t ... J-t::J \- I V l,<.-::,,, ! -! I,- x:...~_.__,-,,,...,11:J 1---1 !_L.:"::F-. ~--'I y /I•?--'\) 

[0049] fr Wl 20 L jffi {1§ ti 1} ( WIJ 7l[I, 103 L -N' 105 iN] / ~ 1Jt it 91 'L;' 101 <=p tf'J ·1' $i;{t ·1' ) Wt 
7]17 _i,; )fi 1i'ti {~ l'x~\-~ rr{1 1f.ir;J§1 )3 TTV htJ:{,_J·.{\.,_I } +$m11 (M~C;' !rh, !fr)~ ( 1'#1[ hr: 1x~1 :'!;:. ) :'/;. l't· rr,;1 ,tF"l.!{,t:: ;,kf, lfi' f.iil[ ,i,-,,\.. _J i._.."'.N.. __ J ~ t -~ f-1 J 1>-.,, __ L_, ---z::::. .--,.,,.-.i.?- ,~ r.:.r-- .1 ,, "-1----'----, ! ~ ,- - '- .,/ >.__,.>LL.,,.___ , / -• 7'H ~ / ..,_ ,.,,. , ... ,/\. f-1 J ~7"- r :YAj,q o ll...., 

] .-, 
_,) 
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[0050] 

[oos2J {t)I! 204,f:ti.Atq:-i,c,, 101 fJ!tT:lrHi'tc~H'L ( i;JU-;JJJtl'l, tW3l¥Ht~~) ~)B:.illlbjJ.~li:t 
i.~ ~~.~~ i1® JE rt1 ::!=. ib l'trk1i • * iJ[ 1 t* tt §E ft·I.Ytr tt 1 o 2 " x~ug :.,t;: y: [fl rr1 ~ JmHfu :& ftm m ·TiJ I tttt 
#1~{,};~f~y.:J:: l(i'i R<11'J['1t,rJ.1,,', 101 .c,ff.1'.l'l:1 8fjn:1<J 1• ;;3.IY-5ilfiz,,rhfi/J1+fiif1t:1:'7 JJ:'tTI··f~-l{}?7 ( ~7 J "'IJ) -r'iT n ...... ,1 ......... v _Tr'"'-"' - .., _ _. .-•~ /.Jc(l;. l w - .. /'(\.,,.,, 1 _,_ i1_, L-~r~-~ ...,...-u l r__:i _ _.___,r-•J.✓ --., __ ; -- - l:'.'A-~ ".--------'---;. - r__:i , ... 

fl.Ji) +1n ·($' )'8 J~l /r ++:if.Ji j:(,cl :f,,11,,fff; i'i'. •h )<.j:.f;./+.,f;l.-;f· !'it: +["'"::.ik'. ~Tm IT! 1ifr•i1.i:: t~· ·f·r1'f 1~'(1±. l 02 ,, _,Y,l-1, _;;:..._,rn ,,.L,, ........... J;~,/" ~--~-1 J::..t.r.:it.~J'j,j:__. l_ffl l~-l y ,-1...,l:,~l~.>;A...:J,,-,_,St __ ..1J·,, ,---'--,..., ..... I .---1 'ff .z=~ 0 

[0054] [2!-1 3 .J?::~ltit :rt.:::_~jf tfJ-· ·'(' ~ bm 13l~ tfJ rn ·T rn J:!~ (~*~x,fJ!HB W:1tttJII ttlt §En:~}, ff._! ME 
riH3f] 30 0 0 ti11:t. ~ [r ti J~~ 8':J ' ill{/§ f.,i: -~ 10 3 l }/t1 ~',} 1f ~-· 1--:i::Ci'iT rJ ~ Bfz ~ ii C lt 'f.f :F( T 00 ~j 8':J 
1J[tl!!] rr l'r~tl! ~;,1,tJ'.iEJrflfiff JJ~ tB, m.~ i'iJ ~11i1~?)ZiJ11l BSiilrn.ff o iJ;':Jt, l'iJ' tz ~j~~ P1Jrr1nff=rA1'f tJr !!] 
~~~~~•*ft~~*fi~fi-~M~/m. 3~~fil~~~T~l-~2~~~ffl~ 
;j-~E{j C 

[0055] 
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-+-\ff f'±J:lh ~k ilJl j;W ftl ·rriJ- N\1P i'sJt1(,:l'i: J:1h rn .:J:'..;jv:--'s: '!tf. ,f/-1-- i'/'° -f+ ·1, i -j'c;-,';+ 0 ·11J' L: I ;fi,ti r-H tf-+:'~__: ;::i "':1<J ~.:+~#. -J '--~·-7' -> .n1. -1,. . .J :,1 -- er, H L _ _, , _ .:/. r=t: \.->.m -s1 ,,.>C 1 f--'- i~r.. r:it::i r..:..:i • /_J -f-Z: _ __...1-.. i.,.,"rn -__ :L ..J J "" i1. ]1 f-Z: J .J 

,. cf ·,-,,"4.-.'°'rh.++-'O','"ITT'•r:1/" I ,c:; ·r1· ';+;'';/c-km~·.r ·+• f'tr/f··,tlk .,_.,, .. , tA NMU ,d:Jf*n.:: /c/i.X. :f;-i5 '1" '3-ft:.iff fr] tr§ 5K :£.ti ::5' j£ ~ ;iti}" w~ :t;_q ' ;lffili L\t j -zr::·:i . \1vrn 1X; ;;_ r:r] 1XJj 3fl I ;,;tJ fJK 

il[[u ' Pf [2,JJJ 1ft ft }lJ 1*1l ~Jrl ff +ij B½ v~1 Mf j'j{j -ff ~Li. ft i I 0 

'0060] ·f·• .. '=, I· •,',';1·c':f.·•-k"Jfi> ( J••i+,n ,,,/.••J,lz '')'7 J()'' "'1·1 '')(' ..>.,.1•·,Jr't'-,f.•'·rJ/,1_ J()'> +'' [(6 -'-.- ., .. 7 

L 1':t ·flt,,['-J.!:11 s i'Ltii& , 1:5'~ iM-1 , ti'f: ifr::r H I HP . :J Ii' - ! 1 .) i-:.1.-L !cJ_ rf'J ir!l':J.l'i:r, . ,:i 11 1•!e . ) , Hi•L i Sj 

fiJ'i5rffi':'[f ~fO / ~tl 103AO 104 :zJiIH'J{J DSl" 1171J1\- ) ):&Pit.·- ~f'Jt~ 15t r:p, * ffj NM:lJ :fOt*i'l=:'i.&ffi ffht * 
rJ i !: i .trt;t:~z.~ lE/;f ,tr}l: ~-"'r,1''z.+c ( l, 1· n, '1r-t,·ti l •)YP,d. al, go1· 1· thin'; ,·h l$ ,FFf, -

-.! ~A!-----'---- •J....t..U::.-1 ~J~!.1 _J_e. 7=f-"- 4 ,_ ~-'-i\. .._, -'----'--- '-- '- - - v -'- f L;,..__, I .• \) 

[0061] (9rj YIJ' f1';.E tit g;g' 13ir/ -~IJ'l:'~J'lt 1071 N' l 05 5f[l 1061 M:-zJs] 1¥11:l~J.;, 103 15frl 106 l 11:Z.. ['s] ti¥. 

T~jl' ,fr.lrl, r'.f"! N]\•'iJ ~~!itl11~,f(..>...x'f'¢ [':k] "t.;1:tt. fr NMlT +-.t-f,' FH ;·i1 ,p, a;. 0 T+J.'·J( ±'111 '.it1',ffi"fliil rt1 '.''t. ;J ~.,.;_ .{:-::;:::.·pr 1' 1 
,,,, --~1-~rlA,J-t;l - Jo.. r~,.//J'lfJ-..; L !----'----' ___ /.'..) .• /\ , ✓ - ____ ) ! ",_,um _....LLJ-1 - !__._,,. -....-Tt ~'.1-:..,;..;,.;_,v..J ? sJ ,,,,-j_ ! ?-~ --, ~A 

~t * s NMu t'f,j 1~ ;J( t51~1J)ij ::1z: s ti fl 'J& ffl si1 92 t~ ~H5 * c Jtz: s *»; ;;fj t* 1Drn tt-J tJ:ii ~b ~ ffl ) rn if, 
~~#~~ttW~~fil~~~~%M~~-~~~~tt.fr-~*~ffl~.ffl~~~~~ 
t® '7'. ¥1 :ij' ~~ + :ij' ff! ' 1E1 it t: 1n sfJ ii~ 1J> *1-k: f 92 ff! NMU ~v!ll Ii: 81 f!,~ it 'fit fit ff~ T"'i Y!t .iii)\\/ ' t), ~: flfz * t.l 
ffl*~~~ffl~~~Pfffli¥Jff~~~-
[0062] 

tf:rt;, }i: 

ft -i"-7J'>i1!LJ 'Pf ~:J ftm~ff.~tNl ( ~p' f&IiifJ1*~D!1J ~;l)ljj~i ) tRiiJ~j)striJty:f,ct~{'f a<J 
jJ ~J{tffl NMU ( tllJ, :tz;JA*iY1~) @0\. ( :aJttVtt) itt!f:Ao {£~f'~~t~rrfilf:7u r:f-:t, ~11}1.t!f: 

:rt ·rlT k:J, ~i-T st frlJ , .'-lt i- , 1B ~ -- $.Tri~!; ., ~ .1rl:! t:¥- :i:tiE r1J l:;.l fl] T '/"ft §E 1t~v+ o 

f0063] 1·fr. .f;:'J_ .. /.:J··:.,f<Jll ,.j:-i J'ttJJ'·JJ'tTiftl{)-?7 1()'3 "':1<J r'.f~ r' 1 141 r'.f~'itr1,+:+!ir~~'. ·11J·L:.J :i.ts,t+i+1,#.1f·'rl~x1ftl 6.(-1 
- _L. / -..1 ., / ~ , , ---- ---- ---- i=1 l:A- 1B" - .._ 2 i1 - tW / 1..>t... tW _'7 ... ~ J y.,.,... j/~ , _,,. ;'\. ~...-.., ·• ,,. '--~-./ \: ✓ , :J ~ t:r ~~ ...., 

'!'1~t1ti:t"9X:'i"1£§~}ftf o f'!i/-/;LIJ, {1] 'tf fflff 11!11§ii t 10:32 ff:J § itf!Jr S''.J ffl f 1 ·ar ~:J'Jt1J!~t:l.t :ti}Jt* 
ilI[uf!:i~t~'1.1~fr=ltJJ~ S"J t:ttt1tiit' 0 tf::51 ·· ··¾11'tli107U ~' }}Et :1rt-tfttlfHPT l]Jl'a?xW~MH~r§t' fr_E{.P~[~v_ 

·pn~ fr-Ir.ft ( fyLJ t:u' ffl ·T· ~Jjf~, gf] 2·· !!] 3 Ii~ ¥fiilill. gf] Lc.Jli:;$: i.9)fl :-jcJ; [fl 1rH3 t'r<J:tt'8rllill.ffJ :rli• ) " 
[0065] fr ·t#.u£Zi§lj Efl, ~ T '.7i£m.iis<J * ~:ft 400 ;i:!t if;;-tQ.}j!r tt~ T{i1~~ El=rnHr 102,/,:10,:la 1t 
FH A<11{1 lfl r''r'.J:fkr _Hj, fr'i~ 402 ·1: -/1'-',,}-~JJ·"ri.iy11 rf1 it-~- l,r, J111cli~ i"lj ~ £-)·11' 400 ,(,iJ_ 1;[; ~ .:i=. _!,;1:t·1'7 );(} '?' 1,r¥l1'~ ,t--tj,-,_$_5(,X.J/:.::if__:j _Y:,,X,.'.i/q, t - -•O --i= _r .. r~~l ~ t '---'--~ .... )(.L..=f:!11=-JH /-J"',,.. I - ·t_j,,Hm ..J -,I/';, __ J .A.ffr,, ___ q 

t'rJ !MJMH!f • 405, 1:E ··i'·~,birivLl rp, ~~F 511::£~:irt-J *ME 400 ffJ~li ftf°£ MML~J~ 403 iiz.0Ufl:1 

[0066] 

~~i¥J~*f~~~+lli¾~*ffmPT~fiffi~~m~~~k~ 0 ffl~.*0H~¾~m 
······1,· 'r.f.-··i::ctf,-(<-<,1 'j Jd,·•-r•·-,,.-½- ( b;,1.L -,~' '-'-•' M.r-'cL·'r:1=···,·1,1 ·r-•R=1)iil·LE'1·'·· p 'I,., ..-n•' M.r-'cL 
PJ t.1..t!x 1 :t,X/(!" )'./r J,1-t L:flJ-f 17~ ¼IJ, BI 0~)) , l~lf'Jr-1; -:fi=:;f PJ V_A/rUF13 .J.iJI.,,&" § '7 h\J?1;f.i.:lf'Jr-1J -

C {l.iJfm, ~ii* ii) Jmi:tiffi1Bf1f~ C Wutm, i}~rM!lF~!iJ~J :t~ji(iJMHf-}~) -1*i~$1Ii*~1t~l<ltJl Cw~ ~n, 

[0067] 
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[0069] 

:,t~1u"tfi/{,1[ r'r~rilt ,z ;foii:~_... 1(~ ,1fJ ;i::I[ 21);
1
Tfi ~f-,;K+>: J;;j;f ±:u\t~l1¥-1}fJ +t·--.1t ;• In;"',~!,'~, ·r-fi_J, ffe, /fill, i'rtr 

0 
-_,h;: ,.,~':-,-p=-rr~J ,,,1:~Jiiff1i{;11 ~ 

j'•.,,l:.,!7 ✓ r~...,t--,-_Y i---=!✓,, ... ,·1;..,-v/,'I _........_ ,,,., -, . ... / ... ,.-'.i,-=ir--~·lx./('- '\__--.,f-C-~--s~ /- _ -~~'J /-j" L...:~,,I f-1 _7-.,'JL';.~l/~·--• 

{E r!L'if fi )\f~f 13fi~;¥Ll -3f-* sl.J rL :~~ m wi p-g i'!<J JW1f 32;,H1 ~1*, 11i f.!ZZt~tri o 

f 0070] ~ri'ii 6{1,Tdfiij ~-T·rfj·· -_/Lt:76{1-;;t u··tJGrj" J'); .tlJ;;"',/;(ii[ rh t'l{J aJ&: r+1 ~ r-11 1' 1. *t · -/'('- 11'i(. 1?/.1'-·•Frilfi ... , 1-u-i l=-i J,,,., ... v ,;•-'J ,,~ :::,i. l=-i J _.,, m l.7 __ ... ______ .. f-J ... -l/_, 1 w ,.,,,. .... ·1-, v~. -i:::r ..J t)-.1~r~ , .. / ,_,,. 7"/.~ 

¼J¢~1·f1~~~J~~ ~~~~~~w~~~m~wF~~~filp 1 ±z~J~~J~~*~ ,/ ' !-I ~I -- • .J J-lL~. ],..z...,,i u O • .,..,,.,,_ 1W-l.r<. __ , r~ ..J ,✓,, .. :,,_E"L. .-• -• 'J' M ... r<, __ r I - ·1~L,\.J...,;_ -.I ~:;.. ./~ J / • A.--,,,.-.i ____ /f_, __ 7-... /-.J 0 

[0011 J iJrJ YI:!, (E-,t-~.IJTE wu r:r, -,fqi Hi T tffi 1m·r&t Jr r1<Jtt ~~ fiiiJ- tf'D~rtt, itJiiz1:~fil-fifr :t~~ff 
-i ;i;hJ~•'f:11[ ~: I -c(rt - : ± 1~M~:)iTT1I l¥/-r .l{i' , 1f.: "f'f-iJ .t/l'J {/i:_:2¥1-r l{[c 1'~lti:f{ iii::: *frf}i ;F,1, lf,-_b.;,f~J'it'tn 1~,i t'J,(j i-~\j'J -f~· ~~,fff-=t:_ YJ:171'\-fy,..,, .. A'l-l)tJ1"C __ L •. ,.J,/!\,y\_~)(111-:t ~vy._,q,,...__,]1'-,, M:fJ.c.:t? _,,,J71~·1i-·~RJ<..t •-11_.:.:_1w J o--1 --~/I' !~-1A._I-I 7K. )jt I 

li~~ ff: ft t¥. -½ Lt »n 18 w -~ ffj ,Jj r~rJ i!if: ·~ itf * ; ~2-~ »._ Hi :1-15 ?~ ± iJ] ~1m1J Ii ;J;-¥, :tfl i~ ti fr: ~t 1$ ' A'J it 
itti 1i§-i:0: ,%-ii!! ~i1;tt~~ftit~1t o 

roon] tf:~Ar_ ,,,-,,.,-, ·_frtr11,Fr1 ;z.';-t;•;;,; , 1; ~Yr°f'rj r,i::- ·1'F*t.·r1·: ~- ~fi+*\[Jl!i ~)l i<'u'. ,n:m1 :t~1fi::li¥r-lfr' ' If~ - l -y:::;; ~~ 7~ 'J 11:1/. /.J 1~ ... }Z[ :Y __ ... 1 !--I ~ -- ~ :J;"' I __ _L~ Y-.11/i\. IA~ __ A tJ ' !l.r, i,\._~* .. :K(:J/t:J ( ,_ -• 

-;-... '•,1,--;··,+-, •±·,J\,''"''k'''"+""'B-+---':+,'-' -•' •~•·,·++r-'crJ "f,f --+• /,-{,' ~ /,' '",/Cd-1 •·,L-1 ·111-,,! '!k}Jl:Y. &1J 'I', T;/,l)(. I*i F· JJtrA'=i 7ii:f±:f;,~1T -=f.0JJf1~1Y:u ,g.,S iEfJ ~ 0J-.)61A fT 1:/J o {:t · - I' ~Jjfil rJIJ T, 1/ i?J,··:r. 
ttc,1'·}·+t·J'l:•'.+f·J .}·,· .. Pi'lcr· 7~ fc.,,~~ {,~{-,;.(, ""_e=,':.'J_, r -1'k /"+:;,-----/r ...... rt:.' _:,%;/[-....+~+fr~ rr_/j .~_-,_,-,¥,fr'· -----A & ·;:1?, A f!c:. f:1·'•-fil nL Ll V _7+ 'l--~ L._1 .. ~ 0 7:._ __ ,.~1 ¥~ ..,,._., !------: 111 I z;. F-/~i t..:x. y 11----1'1',1 r-1 GI:.! ;,-.A : ~~--;,,.-7 : :!8 111'1 L-~ 

fl L:U, ·r-¥.d>z-- :-}Cff:Jf:i;J'j'l1J, --)~J 1:1'0s,t i'Efl, :iffitm·W:~~f'J~~. i~-~ff0fM:0.i:t"i' flJ~ 1'3, i~~*t 
tL 1*, ±.-=fNu [Sl~. ftj f=10<1 rxx]Ml-ftllj flj\, 1E!Ji,f]§ ~-Jh,t~, ii'i'H?:{Mtf, lli ~-It:!,'¥ ,ff/W:fnN~ff. 
tl:rt r:p i£ j;-~'1 ..... f!b:~H1)~ (RF) tH1' £F±ifJHt Nr -~'' Yx/k T -1=5 Mr ifl811lhi i-t-§~f5 S<JjtTI 1f?1 tst,~ 
r1,{j Mi'. ff:. c]<J::li;'i,j-Ec tr cl:i 1±,.,;Wfr +~ pJ 11;-+:+11> 1-•,0 ~//4 J,2'] :f: +;-•' -1!,, ¥ [+J-;; 11;, --', ----• 
~ 17f::'i ~ I= . .:¼AJ!r:1, _,.,. .. 1 ¥1/\ >l.X..11:--1 L.:.1.-~ , 1)u, q Af!. ! !-l J)G1~J'... , t .--L _./ A.-- o 

f 0073] ±· -A1-..g!f.:u··.ts 1li[j r.t-1 hi] ;;:-], }; ih ,~;;nI!J-1iJ t+; . ~$ -~: z;h.t~~iIT112¥1r l:ti, [!, 1rl'J-f# r:'-}· :2;.. 'i,~'1-¥0 7~ h1J --1r+J - 1-= y......,,1!:..v y J/•v'I- -~-- --~1/r-..1/'- ... __ J.JP. !'-J---'--~ -Y..J-/1\iJ.~J?>l:i1HJY,~- H 1:.,-'<.,. 1:x:1 /,A,.k_!.- __ 1_--:.,✓_ ~-

ffiR~ ;~&a~~~fy~ffl~~~~~~~~Mo ~-~~*~~.~ff~M~~~m: 
,,-,' --, ·=•c'j'"i "j')..l ',,;'~'Ji/x!.0-"~·-·--·1 •d,'' 'i'/".Z 1,1rt·,1• +1J1f ''-t' 1 N •·-' I' •,,;·~ 

;i13- ~::Er;D}5f.1.Vil ~Hi Alffi Jq TR ·;;,r l-.z.V_;_ '':t='=.;t:r J..f!i1~T>t: iiz ; ~lx.1~lX1 Y.. r;, ifolv. ,; :t2~ EE )J :li±l. iq 

l!.st :;J~!Jt!:IU i'l'J11::}"lli s<J ~::iticit2&-m O ;(£-/i ..... ,,thii-f<J~ [fl' J),\1] J-:z~fTt~~UWttrf· :~~\]_~~ NdlfB l!x:; ;)_ 
~i£½ -~ffi~4:~&fil~~M~J~~~~*~~~m~~~-
r .. 001•.J * · ,;;1-..'ir:. /,'t 1hr] ,-h ,t-,',-~_L:~Ji:----- /, ;· -tJ J:1; • ;fmJ•tJ J•tJ ~Jli itr>J·.1-+- ~f":{·1+; +t ~4/"yJ. 6(r-+ z:h.-l2,i;::)fIT1l'ff-J "-I "]T:. y...._,vllil7 1, r_:,,--,/J .f-.,.~"-:.1 _,,,V L:J-1i::::i. UC .,/ .,/ ~ !r,/J\ _T,i,,U ---! V Yt--1.:Al=J,1_T~ Y.JJ7r~,}',~.7Y., 

t~, H'~-=mfr~ W: ~ f¥J tt rl± S: 31m't1, g;ltl jc'~:GfJlix 1:'Jh*cf, r:p ftb ¥.,J, -lo 1:f i'- ~tMu: Wu~, 
t:J:~fr±:it:Jj1~u-½th,frf&i}J:Jj~~u:f§ bt, -t~fr 11J&:iE'.'1> o 

[001sJ 1± -t ~%MJ1YU 't", it:1Jiti31 --w1-!Iti1i :13::ti.\lL:l:Jstl*iR~ PJ ~ Jts l'i:rJ;fn / ~ ~J!f5, ~~ 
·, - . L'--, ···,1 ,,., LP cf ,-.-- •± rrn .. lk/,1/,-c •''l 'F,i 'tee ; '! z:' I"[~ k, ,--, -f-' /; -'- 'C,, . rh I"[~ k, µt/ A H3 !0 d, ' ·Ci". 
:Jj.1J Jff:tJ1Gtx.:i1i!i;.iPt;1n~1;.t0-a-1 ~ i.::tJ1.:r1J5 &J.:s.=f'.,j~ *~" 1J: ~ I"~ IT1E.t111J 't·, M *~i~ n'(:r)tSJr;; a J!:Ei 
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[0076] 

?,Z .t.'.:'' LA i' l ',it, !~ ±,!½ [~1·": <''· L'J{J 5,~,: rz~ rJ.:1 ):i;l, -~ ::i;:: fl'c ,F~ ;r'c"/r ;r#• >h:'?, 'B' +~.:!_: t,,~ ::1,:: f~ w 1' F 1' ::lij: 'n f:1: ,')); 7·:,,:: f~ :[.A_~ c;:fi 1±Z , -:J .d.1- ~ ""tE! 1 1=1. -t!} 1A f--1 1----1 ~ ;::::;\ ,;Y~ r '.. ,,.1>( __E:L. -, jLi .... _~ ~t.:.: 1}}.X 1JtX ~:¥- :::~ -~ p·-H , /L,.,..-,...'-1 fl _._ 7iK ,..r:r -~ ... -H , w .. :,.,.l(. -T:9 <'-)1 .1 

15t:ii-r:r¥tt~i ,-.:tt~ftz~JYl: i~t:tr~i, ti i§.IX::<J (ad-hoc)/ rxxj;:[fti><~ ~ S'b'D' ,,tJU~[~ (STB) / tUrJJt¥L 
"i,-:. (~'['fi) 'Kp"• F±J+;u-;c,z ·;!;·;rth·it;::ff;<lj,+:,-'klf (IP.i r-1{1f_J,1fJi1 -,!:·;rt!]) NJ-nttJ:js:-l:i(,J·fr.E:,"- ·c;i,·t~ IP f-l(J.;~'f. 
.-u 0 ~1 <=I D. v.X. f_l-T,.x_,,r-'::i..-9'1,i''1'.J ;JJ /, ' i' ,a. t'..'l.·'L'."-·"T. ,1 ~d. 1'fl-J))Vtir'r,J~J, ' ,a 1/.J 

;,1:l<;-f~ ffJlj rt , ~;). :k fxJJ fxJJ :-YZ:, ~1 LAN tl~ ti fr:1 it~ -i:Y.: 1&, tl~ ti L), -Js:. ~x1 ff'] it~ i:il :Y~ fil i9: 1& , :11:.:ti L), -Js:. 

[xj\l a-gg~ f±l ~-, iiti-f !;))s~ Rt:fd~t~, iii~ ~j, 7'\.IX~ l'rb !/4XJ t~ l)JZJ:.j$3J~ u. :!;(.[/4XJ fft fxYJf-i§ :~~;VLo 
roor] i11·c ficl, ------,-cc{f.ilj [:f:i i11·c -----/.1"4'. /J·<'pj,1tii[ [:f:i /'f.i11·c ----- '(,ft fFj -T· t? fi.i;;.j;JL-'l'~ 'f1Jt-b 17'- H~-.-,s .... c1{1trL-'W: 'fjJ ,;t: .. ' _L J ..J ,,·-,1"- 17 t , _L .., .... , B 1/ -1 t , , ... _L 1•1-1•, L , ... i•i:3 i[ -rt1-; .. u J , .i 18 ::..-;t I= . ,J -nrr I(_,..,,, 

A~f':~/,:--- j,fi' _'L'. :.f:rl If!!. ·11J ++<. ::i-'T .l:!'°" S-,. 1'-'l ::<'Tr{,+. 21 +.2, !J~ Jff_l H.8. +-', ::i"f lEl Hj' -~As: -,'r ./.',,{cU f';-(1-i'f•1'· ,, l"'_,i __ .. ~, :ccj ,1u11i't 1.J',1, H-1 -?''.1)\,1 .• >.J,:; lf-.-- T:.-tiir'.lr,1 .• 'IT<111=1'+ ..7--..JI .. 1=1r,,/J1:t::o 

[001sJ 1:r1ts-~:ij~137U 9:J, ~1,rt1 ~ffc1~J,tt :'fft1tr:r ,c_,,, @.ffcrt-fulf:Hl-~ ~,t-l&~,t-Jm•(m~:1:-Jf, !t 
r:p it - -1--~ ¥ 1- 3.ffi 1~ _!& ½ tm-r* ff. * : :ti\. 1r ±. zy"J :t1 il~u 12,1_ -~Jll JE ±. ztu 1* 1JJ1J ft 1Jt. ; ift rtz ~ 11f. rJz 1Jt. , 
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Abstract of CN104864901 (A} 

The invention provides a method to guide 
the placement of new small cell, wherein 
a small cell is a radio cell station with 
much smaller coverage area than a 
macro cell, comprising one or more 
existing wireless cells, one or more 
mobile devices of known location and 
application use and context, a processor 
and database system, a new small cell, a 
device for guiding the user in the 
placement of the new small cell, 
comprising the steps that the location 
dependant measured network 
characteristics, and location dependant 
contextual data needs of the mobile 
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device, are recorded and stored in the database system over time; the contents of the 
database system are used to determine the likely future location specific network 
needs, such that this information together with the characteristics of the ne,.N small cell 
are used to determine the placement co-ordinates of the new small cell, and use the 
placement co-ordinates to guide a user in the placement of the new small cell, with the 
device for guiding the user. 

https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&H=0&ND=3&adjacent=tr ... 

TP Link Ex. 1004 
Page 666



Patent Translate 
Powered by EPO and Google 

Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

DESCRIPTION CN104854901 

A method for directing placement of a new small cell, wherein the small cell is a radio cell station having a much 

smaller coverage area than the macro cell, including one or more existing wireless cells, having One or more 

mobile devices, processors and database systems of known location and application usage and context, new smaH 

ceHs, devices for instructing users to place new small cells, the method comprising the steps of: The measured 

network characteristics of the location and the location-dependent context data requirements of the mobile 

device are recorded and stored over time in the system; the content in the database system is used to determine 

possible future location-specific network requirements to enable this The information, along with the 

characteristics of the new small cell, is used to determine the placement coordinates of the new small cell; and the 

user is used to direct the user to place the new smaH cell uslng the placement coordinates. 

Method for guiding placement of a new small cell 

Field of invention 

The present invention relates to the positioning of small cells for wireless communication in buildings or other 

restricted areas. 

Background of the invention 

As mobile networks rapidly evolve, lt is widely predicted that there will be a large number of connected devices 

and associated cells. In addition to conventional macro ceHs, many "small cells" wm operate at low energy levels 

and are designed to communicate with devices in the immediate local area. In this document, a small cell is 
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defined as any radlo cell having a much smaller coverage area than a conventional ''macro" cell, including a 

public "pico cell", a residential femto cell, or WiFi access. point. 

A current example of a small cell is a femto cell. A femtocell is a portable unit deployed by a consumer that 

typically uses licensed spectrum. Unlike traditional base stations, the backhaul to the wireless communication 

network is a private or leased line that is used by consumer-supplied packet data (IP) connections (eg, DSL 

connections) rather than in first- and second--generation cellular systems. Circuit switched backhauL The 

femtocell radio power output is nominally in the range of 0.5 watts to 1 watt since it is designed for indoor 

coverage. In the Third Generation Partnership Project (3GPP) Long Term Evolution (LTE) or Evolved UTRAN 

(eUTRAN) projects, the femtocell is also referred to as a "home evolved Node B." 

The use of small cells as a low cost method for adding coverage and capacity to a wireless communication 

network has led to some difficulties that the embodiments of the present invention attempt to address. The 

placement of inexpensive small radio cells is typically not implemented by conventional cell location planning 

methods. 1--:Iowever, the location of small cells is extremely important because the location of small cells may be 

challenging for receiving data with specific data requirements (high bandwidth, low latency, etc.) or between 

users and other network cells. The only available connection for mobile users in buildings. Incorrect locations 

can have a critical impact on the performance of a wider network (for example, in the sense of interference), and 

this is a critical issue to be addressed for a successful deployment. 

Due to the number of cell types that are likely to be used in future mobile communication networks, these mobile 

communication networks have different capabilities, support different network technologies and have different 

bandwidth capabilities and diversity of application requirements, thus assisting small The placement of the cells is 

advantageous in order to optimally meet the network requirements and also to optimally meet user needs in the 

context of the use of network resources depending on thelr location. 

More information can be found in "US2010120394 (Al) - Femto Cell Location by Proxy Method". 

Current cell location planning methods are generally not suitable for directed placement of small cells (the 

placement of these small cells may be borne by the network operator or consumer), and other placement 

methods that have been found in the prior art are not considered. The contextual nature of the user's mobile 

device usage. Therefore, there is currently no placement method or apparatus that allows consumer placement of 

small cells in a manner that takes into account location-specific application requirements. 

Specific restrictions include: 
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(i) The placement of small cells should be consistent with the context in which the user is utilizing the network 

and network resources available from other neighboring cells. For example, a user may need a very high 

bandwidth, low latency connection in a particular location. High bandwidth, low latency connections may only 

be available in a portion of a building that has good coverage from a new macro cell, but other parts of the 

building (which only have coverage from previously generated cells) may The user's normal position coincides -

this results in a limit on the efficiency of the associated application. Obviously, in this example, the small cell 

should be placed to satls~y the user's needs due to contextual location, which is the subject of the present 

invention. In other words, the location of the cell must take into account both the existing coverage and the 

user's location-dependent requirements, which are independent of each other. Thus, if required by the user, the 

small ceH may coincide with the poorly covered area or may coincide with the available wen covered area (but for 

example the low capacity of the macro cellular network), depending on the needs of the user. 

(ii) Although cell location planning or participatory sensing methods may identify areas of lower or stronger 

slgnal strength from surrounding cells, known approaches do not consider how objects (such as stone walls) 

span across the context of application requirements . .Frequency range attenuation signal. This may become 

increasingly important for advanced mobile communication networks due to the deployment of communication 

links operating at different frequencies ranging from GHz to THz, where these communication links may he 

omnidirectional or unidirectional ( eg U adaptive heamforming is used). ff this is not taken into account in the 

placement of small cells, a suboptimal link may be generated because the placement of the small cell will not 

adequately reflect the location of other cells in the area and the signal attenuation depending on the location .. 

US2010120394 (Al) - Femtocell positioning by proxy method 

The location of a small femtoceH deployed by the consumer cannot he determined by the usual site survey 

method. The location of the attached mobile station allows the proxy location of the femtoceH, which can then be 

used for wlreless network plannlng, including providing the calculated default emergency service location for the 

femtocell. 

This document discloses a method for positioning a femtocell device operating in a wireless communication 

system by a wireless positioning system (WLS), comprising: 

Discovering and initiating the location of the femtoceH device; determlning the identity of the mobile station 

(MS) served by the femtoceH device; determining the location of the MS; and using the location of the MS to 

determine the location of the f emtocell device. 
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Accordingly, a proxy method based on location of a mobile station is disclosed to determine the location of a 

femtocell deployed by a consumer. 

US200815 l 777 (Al) - System and method for core network topology router placement planning 

Systems and methods are provided for core network topology router placement planning. These systems and 

methods can use existing network data to create a data set and use that data set to optimize the network for 

placement of the router. 

L 
A method comprising: 

Identi(ying a network topology; calculating a circuit location from the network topology; creating a data set from 

the network topolog_y and the circuit location; and solving the data set to determine at least one output indicative 

of the proposed placement of one or more routers in the network topology . 

Overview: Using a network topology to calculate placement 

US2008279552 (Al) - Method for placing a reconfigurable optical add/drop multiplexer (ROAD MS) in a 

network 

A distributed network comprising at least two reconfigurable optical add/drop multiplexers (ROAD Ms) can be 

designed by a method including routing that simulates data traffic in a distributed network. 

The method can also include identifying a first location for placing the first ROADM based at least in part on the 

route of the simulated data traffic. The method can also include simulating rerouting of data traffic in the 

distributed network including the first RO ADM at the first location. The method can further include identifying 

a second location for placing the second RO ADM based at least in part on rerouting of the simulated data traffic. 

This document discloses a method comprising: 
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Identi(ying a plurality of candidate locations based at least in part on an inHial simulated route of data traffic in 

the distributed network: 

Selecting at least one of the plurality of candidate locations for placement of a reconfigurable optical add/ drop 

multiplexer (RO ADM) based at least in part on cost; 

A rerouting of data traffic in a distributed network including the at least one RO ADM at the at least one selected 

candidate location is simulated. 

This document uses the simulation of routing data to aid in the placement of the multiplexer. 

WO02071781 (A 1) - Method for cell site location in a cellular mobile network 

Identifying the location of the fixed transmitting cell site in the cellular mobile telephone network by means of the 

following steps: deriving the survey data measurement of the network by means of a mobile test telephone; 

grouping the survey data measurements derived on the driving route to the individual Concentration; 

identifying, by means of a plurality of triangulation calculations, first site cluster data and second site cluster data 

regarding the location of the transmitting cell site, wherein in the triangulation calculation, the geographic 

location data of each individual point with respect to the receiver of the test phone Pairing with each of the other 

individual points to provide a pair of locations in each case, the distance from the location of the transmitting cell 

slte is determined from the corresponding timing advance data; and determining the first site and second site 

duster data Which of the ones has the largest duster density and determines the center of gravity of the site as the 

location identifying the fixed transmitting cell site. The survey data measurement includes geolocation data of the 

receiver of the test telephone; timing advance data providing a fixed distance between the transmitting cell site 

and the receiver of the test telephone; and cell identity field data. Each subset of survey data measurements 

corresponds to measurements belonging to the same fixed transmit cell site. 

This document discloses a method for identifying the location of a fixed transmitting cell site in a cellular mobile 

telephone network, comprising the steps of: deriving survey data measurements of the network by means of a 

mobile test telephone, the survey data measurement comprising: a test telephone Geographical location data of 

the receiver; timing advance data providing a fixed distance between the transmitting ceH site and the receiver of 

the test telephone: and cell identity field data; grouping the survey data measurements derived on the driving 

route to An individual subset, wherein each subset corresponds to measurements belonging to the same fixed 
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transmitting cell site; the first sHe duster data and the second site duster data regarding the location of the 

transmitting cell site are identified by means of a plurality of triangulation calculations, wherein In the 

triangulation calculation, the geographic location data of each individual point with respect to the receiver of the 

test phone is paired with each of the other individual points to provide a pair oflocations in each case, the 

distance from the location of the transmitting cell site is corresponding Timing advance data to determine; and 

determine A center of gravity of the duster site and the second site data in which a duster having the maximum 

density and the site is determined to transmit a fixed location identifier of the cell site. 

This document uses site survey data as part of a method for locating cells within a cellular network. 

US2010309790 (Al) - Femto base station and method for operating a femto base station 

The femto base station and method described herein inhibits the need for external GPS antennas and cables while 

stm providing the network service provider with the ability to obtain desired GPS position coordinates and 

providing the user with placement at their chosen location within the home. The tlexibility of the femtocell 

regardless of the strength of the G PS signal. 

The U.S. application includes a method for operating a femto base station in a wireless network, the method 

comprising: 

Determining whether a location information signal is available at the femto base station; 

Determining, at the femto base station, whether anchor location information stored in a memory at the femto 

base station is valid, and if the determining step determines that the location information signal is not available, 

the anchor location information indicates an anchor location of the femto base station; 

If the determining step determines that the stored anchor location information is valid, the network configuration 

parameters of the femto base station are identified. 

Summary of the invention 

The present invention is presented as a way to direct a mobile network operator or user to place a small cell based 
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on possible coverage, context of use, and capacHy and location of existing wireless network connectlons. 

The present invention indudes a method for directing placement of a new small ceH, wherein the small cell is a 

radio cell station having a much smaller coverage area than the macro cell, including one or more existing 

wireless cells a cell, one or more mobile devices with known location and application usage and context, a 

processor and database system, a new small cell, a device for instructing a user to place a new small cell, the 

method comprising the following steps : 

-- Recording and storing location-dependent measured network characteristics and location-dependent 

contextual data requirements of the mobile device over time in the database system; 

- The content in the database system is used to determine possible future location-dependent network 

requirements such that this information, along with the characteristics of the new small cell, is used to determine 

the placement coordlnates of the new small cell, 

- and using the placement coordinates to guide the user to place the new small cell by means of a device for 

guiding the user. 

In this context, any radio cell or access point having a smaller coverage area than the macro cell defines a small 

cell. Thus, a small cell may he a public "pico cell", a residential femto cell, a WiFi access point, or any other 

arrangement in which a transceiver having a lower output power than a macro cell is deployed as part of a 

communication network. 

In a preferred embodiment, the database system is a server located in the Internet or a user's local network and 

receives information from cells, mobile devices, and other network components in the network that should he 

optimized. For example, running an application on a smartphone that transmits its location, orientation, running 

applications, and bandwidth or response time requirements. In addition, existing cells can also transmit 

connection quallty, bandwidth, number oflost packets, protocol type, and the like. Other devices that scan the 

network can also be used to collect data that is imported into the database system. This information is then stored 

in the database system as a series of fields and records that include the database files used to collect this 

information. 

In a preferred embodiment, the placement position is determined by the following operations: 
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a) determining the location-dependent requirements of the cross-region usage of the mobile device in the 

context of the application being executed by the user on the mobile device, 

b) Measuring network characteristics across this area 

Where information a) and b) are used to establish a mapping showing how existing network resources 

satisfactorily meet location-specific contextual application requirements and thus can optimally place new cells 

wHh defined characteristics. 

The location information can also be used in conjunction with the transmission of the connection status of the 

mobile device's cell. The device can inform the database server of its location and the detected base station. 

In a preferred embodiment, the method 

(a) Identify and characterize location-based data requirements for mobile devices that reflect the application 

usage and application requirements of the mobile device. This can include, for example, response time, data 

transmission bandwidth, lost packets, latency of packets, and the like. 

(b) Determining the availability of existing network resources at or at a particular location, particularly across 

potential areas of the new cell. This is done by analyzing the database of the database system or by collecting 

information about the connection status of the mobile device provided to the cell, or by manual input. 

(c) characterizing the new cell in terms of at least capacity, bandwidth, power, and latency of the new cell. In this 

example, it is assumed that the characterization will be for a pre-existing cell. However. other embodiments may 

characterize new cells that are required to determine the particular cell type that should be acquired. 

(d) Compare (a) with (b) to determine the location-dependent contextual requirements of the network. This is 

calculated for geographic coordinates that represent defined boundary areas in which new cells are to be placed 

(in buildings, offices, hotels, etc.). :For example, if a building has multiple f1oors, the geographic coordinates can 

be two or three dimensional. In some embodiments, H may be necessary to install several cells to meet the needs 

of the user. 
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(e) Compare (c) with (cl) and calculate the results to determine the best location for the new cell in view of the 

possible location. The optimal location for the new cell is calculated by (i) retrieving the location-dependent 

context requirements for network data from ( d). This provides a mapping of network connection requirements 

(bandwidth, latency, etc.) relative to specific location coordinates. (ii) simulating a new cell characterized in (c) 

at a plurality oflocatlons within the border region, and (d) an optlmlzaOon algorithm is used to identify X, where 

a new cell should be placed to optimally meet network requirements, Y (optional Z) coordinates. 

Alternatively, if the new small cell is a cell (unlike a wireless access point), the calculation can be done in such a 

way that the wireless cell or wireless access point is optimally overlapping. The optimal position can be calculated 

by simulation or by other optimization procedures. 

(t) Instruct the operator or user to place a new small cell. 

In a preferred embodiment, the location-dependent requirements of the cross-region usage of the mobile device 

are determined iteratively, especially after placement of the new cell. In this way, a successful and possible 

relocatlon of the new cell can he performed. 

In a preferred embodiment, the location of the mobile device is determined by using data collected by the mobile 

device and/or the network for determining the location of the user, the mobile device collecting the 

measurements and communicating the measurements to the database system, and/or on the mobile device Use 

GPS (Global Positioning System), and/or use the SiRFusion product range from CSR to enable the location of 

mobile devices to be calculated by fusing output data with several different geolocation techniques, including 

triangulation or GPS . 

In a preferred embodiment, the appllcatlon and associated data requirements are stored in the database system, 

including one or more of the following fields: application name, protocol type. bandwidth, lP packet loss, 

transmission latency, QoS ( Quality of Service), QoE ( Quality of Experience), received signal strength and 

direction, connected cells, and context usage information. 

This information is collected by the application running on the mobile device and automatically transmitted to 

the database system over the network in the background. In a preferred embodiment, the application is an app 

lnstalled on a smartphone. The web site can also provide this informatlon. This information is preferably only 

collected if the mobile device is located in an area in which a new small ceH should be installed. 
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In a preferred embodiment, it is determined whether the current location is considered a planned placement of a 

potential impact area for a new small cell, and if the user's current location is within the potential impact area, the 

method proceeds to determine the location of the small cell. This means that the method is only executed in the 

case of the relevant area. 

The planned impacted area of the new small cell is determined according to one or more of the following steps: 

the network operator or user marks the database system that they wish to lnstaH the smaH cell in the small cell to 

be placed At the location; based on the data collected over time, the database system proposes to place the 

location of the small cell. 

In the absence of a network connection or a small number of network connections, the location--dependent 

measured network characteristics and the location-dependent context data requirements of the mobile device are 

recorded and stored offline and uploaded to the database when a preferred connection is available. system. 

In a preferred embodiment, the means for guidance includes an orientation sensor that assists in the acquisition 

and/or positioning of small cell information. In a preferred embodiment, an application running on a mobile 

device or smart phone can implement a device for guidance. In particular, the smartphone indudes a position 

sensor that can be used to guide the user to the optimal location of the new small celL 

The device used to guide the user uses visual, audible or other means to guide the user to the location. 

This guidance to the user can be achieved using one or more of the following methods, including: 

(i) use building survey data (if available) and plot the desired location on the map to guide the user, 

(ii) use wlreless fingerprint information and use text/audio based commands to guide the user, 

(Hi) detecting the presence of other connected devices near the desired location and forming an association with 

them. 

After positioning a new small cell, accurate placement is supervised by using triangulation or other location 
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estlmation techniques and testing and calibrating the cell and preferably providing status updates to the user. 

Another part of the invention is a system comprising a database system, characterized in that the method of one 

of claims 1 to 14 is implemented. 

The advantages of the invention relating to each of the distinguishing technical features are as follows: 

The present invention can determine and characterize the location-dependent data requirements of a mobile 

device, reflecting application usage. Thls approach allows for characterizing the properties required for a 

communication link to a particular location. 

The present invention can determine the availability of existing network resources at or at a particular location 

("potentially at1ected area of a new cell"). This approach allows for the discovery of the nature of a llnk that may 

have been connected to a location. 

(a) The present invention can characterize the new ceH in terms of at least capacity. bandwidth, power, and 

latency of the new cell. This approach allows for determining the nature of the new cell to he placed. 

(h) The present invention can compare (a) to (b) to determine the contextual requirements depending on 

location. This approach allows the calculation of the required resources. 

(c) The present invention can compare (c) with (d) and calculate the result to determine the optimal location of 

the new cell in view of the possible location. This approach allows the location required for placement to be 

determined. 

(d) The present invention can guide an operator or a user to place a cell. This approach allows for optimal 

positioning of new cells. 

DRAWINGS 

Figure 1 shows a mobile device architecture. 
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Figure 2 illustrates an example network processor architecture. 

Flgure 3 shows a flow chart of the method. 

Figure 4 shows a tlow chart of a method on a mobile device. 

Flgures 5 and 6 show the location of the small cell within the apartment before and after the method. 

Figure 7 shows an exemplary deduced mobile network scenario with a new site location. 

detailed description 

A good placement can be determined by the following operations: 

(i) a) determining location-specific requirements for cross-region usage of mobile devices in the context of an 

application executed by the user (eg, live streaming video has distinct file download requirements), 

(ii) Measuring network characteristics across this area. 

This information (i and ii) allows for the establishment of a mapping showing how existing network resources 

satisfactorily meet location-specific contextual application requirements and thus can optimally place new cells 

(with defined characteristics). 

Existing cell location planning approaches, typically based on predicting and/or sensing signal strength, using 

network mapping and characterization data, and capacity planning tools, do not take into account the user's 

location-specific usage context. This will become increasingly important as user data and application usage 

evolve. For example, in terms of latency and bandwidth, the data requirements for the Streamed Y ouTub UHD 

video are very different from the Skype live video link. Due in part to a large number of cells and possible links 

under the advanced communication network (to be included in legacy network resources), it is envisioned that 
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when existing network resources (such as macro cells) can meet the data requirements of some applications, 

other applications Data requirements (due to bandwidth or latency requirements) may not be met, especially if 

capacity constraints are also considered. 

Thus, a key element of the responsible nature of the present invention is the iterative discovery of applications 

performed by users in different locations and their respective data requirements, and these needs are considered 

with respect to existing network resources that may have been available at the user's location. This is an example 

of using context, hut obviously there are other examples. 

(i) Identify application requirements that vary by location. Given the fact that the mobile device is within range of 

the cell, this can be solved by using data collected by the mobile device and/or the network. To determine the 

location of the user, the mobile device collects measurements ( eg, relative timing of signals received from 

neighboring base stations) and passes them to the network, which then calculates the location of the mobile 

device and passes the location to the external application server. Alternatively, devices such as the SiRFusion 

product range from CSR allow the location of the mobile device to be calculated by fusing the output data with 

several different geolocation techniques, including triangulation or GPS. After determining the location of the 

mobile device, this can be related to time varying application usage. Once the location and application and 

associated data requirements are characterized, the resulting data can be communicated to the server in which the 

data is stored for future use. Since these steps are associated with the placement of a new cell, it is possible that in 

the area of its potential location, there is no coverage of the existing cell or the coverage of the existing cell is 

small, which means that the desired application. As a result, these data wm not be recorded by the above steps. In 

this example, the following approaches can be taken: (i) by tracking the location of the user's mobile device to 

understand which users have entered the potential impact area of the new cell (if necessary, this can be done by 

storing the historical location and when the connection becomes available) Upload these historical locations to 

"offline". One or more users depicted in the potentially affected area of the new ceH are determined to determine 

their historical application usage in other areas that can reasonably be expected to extend to the potentially 

affected area of the new cell. (This can be done, for example, by cross-referencing the geographic location of the 

belongings to determine their type (home, office, station, etc.) and then use that type to characterize the 

likelihood that these users are in this location compared to other locations of the same type that the user has 

accessed. lJ se to achieve). 

(ii) Identify network resources that may already be available. Similar to (i), this can be determined by employing 

a participatory sensing approach using a mobile device or (ii) by an existing network model that has been 

developed using site surveys or other existing methods. 

Therefore, some of the distinguishing features of the present invention are that 
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(a) Identify and characterize location-based data requirements for mobile devices that reflect application usage 

and are repeated as needed. 

(b) determining the availability of existing network resources at or at a particular location ("area of potential 

impacts across new cells"), 

(c) characterizing the new cell in terms of at least capacity, bandwidth, power and latency of the new cell, 

(d) comparing (a) with (b) to determine the contextual requirements depending on location, 

(e) Compare (c) with (d) and calculate the result to determine the best location for the new cell in view of the 

possible location location, and finally (f) direct the operator or user to place the new small cell. 

H is to he noted that the invention has numerous possible embodiments and the description ls not intended to 

limit the scope. A possible embodiment is presented herein and uses a mobile device based implementation. 

Other possible embodiments are not illustrated, such as using a web-based implementation (some of which are 

mentioned above). 

The described system can perform functions on a mobile device (where the results of these functions are 

communicated to a network-based processing system/database system) and itself in a network-based processing 

system (which can, for example, form part of a network architecture) The functions implemented on the division 

are divided. An overview of an example mobile device architecture is shown in FlG. 1, and an example network 

architecture (related to the present invention) is shown in FIG. 

Figure 1 shows a mobile device including means for determining its position inside and outside the building. 

Other sensors may also he included to, for example, determine their orientation, which may aid in the collection 

of cell placement information. Display devices are also incorporated, and may additionally include other output 

devices to help direct the user to the cell placement location. For example, these devices may include haptic 

devices, or audible instructions. 

Figure 2 shows an example network processor architecture/database system. The data collected by the mobile 

device is written to one of three databases controlled by the processor that is capable of accessing the local 
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memory and an interface that allows its communication to the mobile devlce. 

The method is implemented on each of the network processor and mobile device architecture. The method for 

the mobile device architecture represented by Figure 4 is given below. 

The first step uses one of the various known geolocation techniques to determine the location of the mobile 

device, such as if the mobile devlce is using GPS outside of the bullding, or if the mobile device is inside the 

building, using triangulation and such as ( For example, a combination of other techniques such as inertial 

estimation implemented on a SiRFusion device from a CSR. 

Thus, the input is the physical location of the user and the output is a digital representation of the user 

coordinates. 

The second step compares the user's current location to the "potentially affected area" of the planned placement 

of the small cell that is considered new. If the user's current location is within the potentially affected area, then 

the method continues, otherwise lt returns to the beginning. 

The planned potential impact area of the new small cell can be determined as follows: 

- The network operator or user marks the system that they wish to install a smaH cdl 

- the network operator or user indicates when they are in the location where the ceH is to be placed (eg in a 

building) 

-- This area is then defined as a potential area of influence. 

Alternatively, the mobile device method can be performed on all defined mobile devices that allow data to be 

collected for aH locations over a period of time to get the best results, or an equivalent way of producing similar 

results can be performed on network resources (however, It should be noted that this may have associated user 

privacy issues). If you do this, you can delete the second step. 
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Therefore, the input ls the user location and the potential lnterference zone definition, and the output continues 

to return to the start loop. 

The third step determines the nature of the connection at the user location and may include parameters such as 

QoS (Quality of Service), QoE (Quality of Experience), recelved signal strength and direction, connected cells, 

and context usage information. 

H is important to note that since this step is associated with the placement of a new cell, it is possible that in the 

area of its potential location, there is no coverage of the existing cell or there is little coverage of the existing cell, 

which means that Execute the desired application. As a result, they will not be recorded. In this example, the 

following approaches can be taken: (i) by tracking the location of the user's mobile device to understand which 

users have entered the potential impact area of the new cell (if necessary, this can be done by storing the historical 

location and when the connection becomes available) Upload these historical locations to "offiine". 

(ii) Depicting one or more users in the potentially affected area of the new cell to determine their historical 

application usage in other areas that can reasonably be expected to extend to the potentially affected area of the 

new cell. (This can be done, for example, by cross-referencing the geographic location of the belongings to 

determine their type (home, office, station, etc.) and then use that type to characterize the likelihood that these 

users are in this location compared to other locations of the same type that the user has accessed. Use to achieve). 

Thus, the input is the user location and the output is the user location marked with the context connection 

property. 

The fourth step communicates the location of the user marked with the context connection property to the 

network processing system and records H as a record in the capture database. 

Thus, the input is the locatlon of the user marked with the context connection property, and the output is the 

record stored in the capture database. 

After the method for the mobile device architecture, the method for the network architecture represented by 

FIG. 3 is glven below. 
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The first step identifies existing network resources of the potentially affected area by utllizing knowledge about 

the macro network (site location, available technology, technical parameters, ... ) available from the mobile 

network operator and loading this data into local memory . 

Thus, the input is a potential area of influence for new cell placement and outputs the nature of existing network 

resources across the potentially affected area. 

The second step compares the output from step 1 with the contents of the capture database. In fact this is to 

compare the available network resources with the required resources. The difference is calculated and stored as a 

representation ln the temporary database. 

Thus, the input is the nature of the capture database, the existing network. and the output is the difference 

between the existing network resources and those resources that are optimally needed in the case of context­

speclflc context usage for a given mobile device. 

The third step directly or indirectly determines the nature of the new small ceH and stores these properties in local 

memory. 

Thus, the input is a product reference code (for example) and the output is a cell/access point property. 

The fourth step uses information from the temporary database to model the impact of the new cell and calculate 

the placement location of the cell that will achieve the desired placement characteristics (for users, network 

operators, etc.). Desirably, mapping data reflecting the structure of the building should also be considered at this 

time in order to ensure that the placement posHion can be achieved with power availability or the like. Possible 

placement locations can be ranked and stored in the placement database. 

Therefore, the input ls new cell information, location and context dependent network requirements (temporary 

database), and the output is the ranked placement location. 

The fifth step presents the results to the user and uses visual, audible or other means to direct the user to the 

location. User guidance can be achieved by using several methods, including (i) using building mapping data (if 

available) and plotting the desired location on the map to guide the user, (ii) using wireless fingerprint 

information (from wifi, etc.) and Text/audio based commands are used to guide the user, (iii) detecting the 

28-10-2019 17 TP Link Ex. 1004 
Page 683



presence and association of other connected devlces in the vicinity of the desired location, which may, for 

example, result in informing the user to place the consumer cell next to the "HP8500 Printer." 

Thus, the input is a ranked placement result and the output is a user instruction for locating the placement 

locatlon. 

The sixth step verifies the exact location and tests and calibrates the cell by using triangulation or other location 

estimation techniques, as well as providing status updates to the user. 

Therefore, the input is the cell placement location and the output is a status update. 

The last step is to pre-arrange the location to be updated when the network or user request has changed or if the 

physical location of the cell is arhitrarlly changed by the user. 

Therefore, the lnput is a possible change and the output is an iteration of the process. 

A use case will he described below. 

In the first step. the information is captured. As can be seen in Figure 5, the building is covered by the macroceH 

base station BSl. Most users experience good coverage, however, conference rooms that are partially blocked by 

thick walls suffer from high levels of signal degradation. Therefore, users (e.g., UE1) who wish to nm a more 

demanding application (as opposed to a less demanding voice call) experience very poor QoE. This is captured 

and stored in the capture database and is also reflected in the temporary database. 

In a second step, the placement of the new cell is determined. As can be seen in Figure 6, the new small cell BS2 is 

placed in a location in whlch the UE l located in the conference room is subject to less signal degradation. The 

cell is placed in this location as a result of the calculations that have been performed, with the ranked results being 

stored in the placement database. As a result of the optimal placement of new cells (located using contextual 

application information), a higher level of QoE and other network advantages of UEl can be achieved. 

Additional details are provided below: 
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Derivation of the new site 

A higher probability of a poor service SINR (one of the four cases) that occurs when the service requested by the 

user (UEl) at the location 1 is unsuccessful at location 1. 

Deriving a new site based on the requirements identified at location 1, and site information including power 

access, fixed line availability, evaluation location, and building planning 

Another use case is depicted in FIG. 

Two base stations having an ideal coverage area, typically represented by a hexagon, are illustrated. BSl serves 3 

terminals (UES, UE6, UE7) and BS2 serves 4 terminals (UE1, UE2, UE3, UM). Although the terminal assigned 

in BSl is experiencing good link quality (eg, UE5 has 10 dB SINR), 3 of the 4 terminals at BS2 appear at the cell 

edge or at the cell edge in the network due to Hs presence. It is indoors wHh poor link quality (for example, UEl 

has a O dB SINR). 

Each terminal is using a service and requires a certain amount of radio resources to achieve a satisfactory quality 

of experience. If, for example, a user living in the depicted house always experiences poor quality when 

attempting a video call, he will likely not try again after a whlle. In this example, the terminal appearing at the edge 

of the cell or indoors uses the http service. In addition. the UE 4 with a good radio link can only use a satisfactory 

http service due to the problem that the cell may be overloaded. This may be due to the problem that other 

served terminals require a larger amount of resources to meet the requirements of the services used due to poor 

radio links. The information for each individual user is stored in a central database that collects statistics for each 

location that occurs. This will result in huge amounts of data, and the location of the new site location required 

can be derived based on this data. The http service was successfully used in 4 of the 7 locations in this example. A 

poor SINR has appeared in 3 of the 7 positions. Therefore, at locations 1. 2 and 3, any service with higher quality 

requirements will not be used with a good experience. At these locations, the radio link conditions are poor. 

Based on the combined information of these locations, new site locations can be derived (eg, the average location 

of those 3 locations or nearby locations that meet additional requirements (such as fixed line and power access)). 
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current technology 

[1] US2010120394 (Al) - FemtoceH positioning by proxy method 

[2] 
*Background text based on an excerpt from "US2010120394 (Al) - Femto Cell Location by Proxy Method" 

[3] 
US2010120394 (Al) - Femtocell positioning by proxy method 

[4] 
US200815 l 777 (Al) - System and method for core network topology router placement planning 

[5] 
US2008279552 (Al) -- Method for placing a reconfigurable optical add/drop multiplexer (ROADMS) in a 

network 

[6] 
W002071781 (Al) - Method for cell site location in a cellular mobile network 

[7] 
US2010309790 (Al) - Femto base station and method for operating a femto base station 
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Patent Translate 
Powered by EPO and Google 

Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, reliable or 

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 

based on machine-translation output. 

CLAIMS CNl.04854901 

L 
A method for directing placement of a new small cell, wherein the small cell is a radio cell station having a much 

smaller coverage area than the macro cell, including one or more existing wireless cells, having One or more 

mobile devices, processors and database systems of known location and application usage and context, new small 

cells, devices for instructing users to place new small cells, the method comprising the steps of: 

- Recording and storing location-dependent measured network characteristics and location-dependent 

contextual data requirements of the mobile device over Hme in the database system; 

- The content in the database system is used to determine possible future location-specific network requirements 

such that this information, along with the characteristics of the new small cell. is used to determine the placement 

coordinates of the new small cell , 

And directing the user to place the new small cell by means of the device for guiding the user using the placement 

coordinates. 

2. 
The method of claim 1 wherein said placing position is determined by: 

a) determining the location-dependent requirements of the cross-region usage of the mobile device in the 
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context of an application executed by the user on the mobile device, 

b) measuring the network characteristics across this area 

Where information a) and b) are used to establish a mapping showing how existing network resources 

satisfactorily meet location-specific contextual application requirements, and thus can optimally place new cells 

with defined characterlstics . 

:t 
The method of claim 2 wherein said method comprises: 

(a) determining and characterizing the location-dependent data requirements of the mobile device, reflecting 

appllcatlon usage, 

(b) determining the availabillty of exlstlng network resources at or across a particular location, particularly across 

the potentially affected area of the new cell, 

(c) characterizing the new cell in terms of at least capacity, bandwidth, power, and latency of the new cell, 

(d) comparing (a) with (b) to determine the contextual requirements depending on location, 

(e) comparing (c) with (d) and calculating the resuHs to determine the best location of the new cell in view of 

possible locatlon locations, and finally 

(f) directing the operator or user to place the new small celL 

4. 
Method according to claim 3, characterized in that the location--specific requirements of the cross-region usage 

of the mobile device are determined iteratively, in particular after the placement of a new cell. 
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5. 
The method of any of claims 1-4, wherein the location of the mobile device is determined by using data collected 

by the mobile device and/or the network to determine a location of the user, The mobile device collects 

measurements and communicates the measurements to the database system. 

and/ or 

Using GPS (Global Positioning System) on the mobile device, 

and/ or 

The SiRFusion product range from CSR is used to enable the location of the mobile device to be calculated by 

fusing the output data with several different geolocatlon techniques, lnduding triangulation or GPS. 

6. 
The method of any of claims 1-5, wherein the application and associated data requirements are stored in the 

database system, including one or more of the following fields: an application name Protocol Type, Bandwidth, 

IP Packet Loss, Transmission Waiting Time, QoS (Quality of Service), QoE (Quality of Experience), Received 

Signal Strength and Direction, Connected Cell and Context Usage Information. 

7. 
Method according to any of the claims 1-6, wherein the locatlon-dependent measured network characteristlcs 

and the mobile device depend on the absence of a network connection or a small number of network 

connections The context data requirements for the location are recorded and stored offline and uploaded to the 

database system when a preferred connection is available. 

8. 
The method of any of claims 1-7, wherein the means for directing comprises an orientation sensor that can assist 

in the acquisition and/or positioning of small cell information. 

9. 
Method according to any of the claims 1-8, characterized in that after determining the location of the mobile 

device, it is determined whether the current location is considered as a potential impact area of a planned 
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placement of a new small cell If the user's current location is wlthin the potential impact area, the method 

proceeds to determine the location of the small cell. 

10. 
The method of claim 9 wherein the planned placement of the potential impact area of the new smaH cell ls 

determined according to one or more of the following steps: 

- the network operator or user marks the database system that they wish to install the small cell at the location 

where the small cell is to be placed; 

Based on the data collected over time, the database system proposes to place the location of the small cell. 

11. 

A method according to any of the claims 1-10. wherein the means for guiding the user uses visual, audible or 

other means to direct the user to the location. 

12. 

The method of claim 11 wherein the instruction to the user is achieved using one or more of the following: 

(i) use building survey data if available and plot the desired location on the map and direct the user, 

(ii) use wireless fingerprint information and use text/audio based commands to guide the user, 

(Hi) detecting the presence of other connected devices near the desired location and forming an association with 

them. 

13. 
Method according to any of the claims 1 to 12, characterized in that after the new small cdl is located, by using 

triangulation or other position estimation techniques and testing and calibrating the cell and preferably Provide 

status updates to users to monitor accurate placement 
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