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(57) ABSTRACT 

An improved method is performed within power-sourcing 
equipment. The method controls delivery of power to a 
remotely powerable device through a communications path­
way that connects the power-sourcing equipment to the 
remotely powerable device. The method involves obtaining 
an initial resistance value representing an initial resistance of 
the communications pathway, and obtaining an operating 
resistance value representing an operating resistance of the 
communications pathway aftero btaining the initial resistance 
value. The method further involves generating a temperature 
change result based on the initial resistance value and the 
operating resistance value, and selectively one of enabling, 
scaling back and disabling delivery of power to the remotely 
powerable device through the communications pathway 
based on the temperature change result. 
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OBTAIN AN INITIAL RESISTANCE VALUE REPRESENTING AN INITIAL 
RESISTANCE OF THE COMMUNICATIONS PATHWAY (E.G., DURING 
DISCOVERY) AND STORE TO NON-VOLATILE MEMORY 

110 

OBTAIN AN OPERATING RESISTANCE VALUE REPRESENTING AN 
OPERATING RESISTANCE OF THE COMMUNICATIONS PATHWAY (E.G., 
DURING POWER DELIVERY) AND STORE TO NON-VOLATILE MEMORY 

GENERATE A TEMPERATURE CHANGE RESULT BASED ON THE INITIAL 
RESISTANCE VALUE AND THE OPERATING RESISTANCE VALUE AND 
PERFORM ADDITIONAL POWER-RELATED OPERATIONS (E.G. STORE 
RESULTS IN A HISTORY LOG, ADJUST A POWER BUDGET, ALLOCATE 
POWER BASED ON THE ADJUSTED POWER BUDGET, DIRECT A SMART 
REMOTE DEVICE TO SCALE BACK POWER CONSUMPTION, ETC.) 
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TECHNIQUES FOR CONTROLLING 
DELIVERY OF POWER TO A REMOTELY 

POWERABLE DEVICE BASED ON 
TEMPERATURE 

BACKGROUND 

A typical Power-over-Ethernet (PoE) application involves 
supplying power from power-sourcing equipment (PSE) to a 
powered device (PD) through a cable ( e.g., Category-3 cable, 
Category-5 cable, Category-6 cable, etc.). During operation, 
the PSE performs a discovery routine by testing for the pres­
ence of a known impedance on the PD end of the cable ( e.g., 
a 25K-Ohm resistor). If the PSE determines that such an 
impedance is present, the PSE supplies power to the PD 
through the cable and periodically checks to make sure the PD 
is still present. If the PSE determines that the PD is no longer 
present, the PSE re-performs the discovery routine by con­
tinuing to periodically test for the presence of the known 
impedance on the PD. 

2 
level, the infrared detection circuit would then send a signal to 
the PSE directing the PSE to longer supply power to the PD 
through the cable. 

SUMMARY 

Unfortunately, there are deficiencies to using an infrared 
detection circuit to control PoE power delivery to a PD 
through a cable. For example, it is unlikely that the infrared 

10 camera of such an infrared detection circuit would be able to 
scan an entire cable (e.g., due to obstructions within the 
environment). Rather, such scamiing would likely be limited 
to only a localized section of the cable thus leaving the 
remaining portions of the cable vulnerable to entering a high-

15 temperature condition in an undetected manner. Additionally, 
the infrared camera would not sense the temperature of the 
copper conductor but only the temperature of outside of the 
cable (i.e., the outer insulation) and thus not provide an accu­
rate temperature measurement. Furthermore, it is likely that 

20 the infrared detection circuit itself would require delivery of 
power through its own cable and thus itself pose another 
cable-related safety concern. Moreover, other means such as 
embedding temperature sensors within a bundle of cables 
along an entire run ( e.g., across a building) would require the 

25 proper embedding of such sensors, taking apart the infrastruc­
ture, and cost money and network downtime and would still 
fail to predict the temperature of the metal inside the cable. 

When the PSE supplies power to the PD through the cable, 
the possibility exists that the temperature of the conductive 
material within the cable ( e.g., copper) could increase beyond 
a safe limit. Once the temperature exceeds this limit, the PoE 
infrastructure and perhaps the surrounding environment 
could sustain permanent damage. In some cases, the results 
could be catastrophic ( e.g., the cable insulation could melt, 
the cable could start a fire, a trace in a patch panel could fuse 
and become open, etc.). 30 

In contrast to the above-described infrared detection circuit 
approach, improved techniques control delivery of power to a 
remotely powerable device based on generating temperature 
change results which are determined from resistance mea­
surements ( e.g., using the temperature coefficient of the cable 
conductor material). Such resistance measurements are easily 
obtainable and thus provide convenient and reliable means of 

For example, suppose that a PSE delivers power to a PD 
through wire pairs of a cable. Further suppose that there is a 
substantial increase in DC resistance through a wire in one of 
the wire pairs (e.g., the wire is suddenly cut, the wire suddenly 
provides high impedance due to faulty manufacturing, etc.). 
In response to a reduction in current through the failed wire of 
that wire pair, more current may pass through the non-failed 
wire of the wire pair. Under such a condition, the PSE may be 
able to detect the failure and automatically shut off current 
through that wire pair (e.g., the PHY of the PSE may sense 
impaired data delivery or loss of the link, a TDR circuit of the 
PHY may flag an open condition on that wire pair, etc.). 

However, in some situations, the PSE may not be able to 
detect the increase in DC resistance and thus continue to 
supply current through the cable. For instance, the DC resis­
tance could increase but not affect data flow ( e.g., in a 
l0BaseT system). Additionally, due to the particular imple­
mentation of PHY circuitry and/or lower losses in the cable, 
the PSE may not be able to predict the potential overheating 

35 temperature measurement. 
One embodiment is directed to a method, performed within 

power-sourcing equipment (PSE), for controlling delivery of 
power to a remotely powerable device through a communi­
cations pathway that connects the power-sourcing equipment 

40 to the remotely powerable device. The method involves 
obtaining an initial resistance value representing an initial 
resistance of the communications pathway, and obtaining an 
operating resistance value representing an operating resis­
tance of the communications pathway after obtaining the 

45 initial resistance value. The method further involves generat­
ing a temperature change result based on the initial resistance 
value and the operating resistance value, and one of (i) 
enabling, (ii) scaling back, or (iii) disabling delivery of power 
to the remotely powerable device through the communica-

50 tions pathway based on the temperature change result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following descrip­
tion of particular embodiments of the invention, as illustrated 
in the accompanying drawings in which like reference char­
acters refer to the same parts throughout the different views. 
The drawings are not necessarily to scale, emphasis instead 

of a cable. Furthermore, the PSE may not even have a PHY/ 
TDR attached to the cable such as when the PSE supplies 
power only and no data on two pairs in a cable ( e.g., 10/100 
Ethernet). Examples of situations where a PHY is absent 
include mid-span power systems, and switches providing 55 
power through unused pairs. Moreover, even with PHY-based 
TDR, there are limitations in performing accurate tempera­
ture measurements since the TDR typically has no direct 
access to the DC resistance of the cable that an inline power 
controller has. 60 being placed upon illustrating the principles of the invention. 

To avoid creation of a catastrophic event due to cable 
overheating, some have considered employing an infrared 
detection circuit to monitor the temperature of the cable. In 
particular, an infrared camera of the infrared detection circuit 
would scan the cable, or a bundle of cables, in an attempt to 
identify whether the temperature of the cable ever surpasses a 
critical level. If the cable temperature were to exceed this 

FIG. 1 shows a particular layout of an electronic system 
which controls power delivery to a remotely powerable 
device by temperature sensing based on changes in resistance 
through conductors carrying communications signals and 

65 power. 
FIG. 2 shows a block diagram of various circuits of the 

remotely powerable device of FIG. 1. 

Petitioner Samsung Ex-1008, 0010
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FIG. 3 shows a block diagram of various circuits of the 
power-sourcing equipment of FIG. 1. 

FIG. 4 shows a flowchart of a procedure which is per­
formed by a controller of the power-sourcing equipment of 
FIG. 3. 

FIG. 5 shows an alternative layout of an electronic system 
which controls power delivery to a remotely powerable 
device by temperature sensing based on changes in resistance 
through conductors carrying only power. 

FIG. 6 shows an alternative layout of an electronic system 
which controls power delivery to a remotely powerable 
device by temperature sensing based on changes in resistance 
through conductors which do not carry either communica­
tions signals or power. 

FIG. 7 shows an alternative layout of an electronic system 
which controls power delivery to a remotely powerable 
device by temperature sensing based on changes in resistance 
through conductors carrying communications signals and 
power without power being supplied through an additional set 
of conductors. 

DETAILED DESCRIPTION 

Improved techniques control delivery of power to a 
remotely powerable device based on generating temperature 
change results which are determined from resistance mea­
surements ( e.g., using the temperature coefficient of the cable 
conductor material). Such resistance measurements are easily 
obtainable and thus provide convenient and reliable means of 
temperature measurement. Such measurements enable a 
power source to accurately measure power loss in a specific 
cable and thus more accurately predict and budget its power 
allocation rather than rely on a standardized budgeted 
amount. For example, the 802.3af standard has allocated for a 
minimum loss in a cable of approximately 2.4 watts, even 
though the power loss through an actual cable (e.g., a very 
short cable) may be much lower than 2.4 watts. 

4 
supply leg for current 44, and the conductor pair 34(8) oper­
ates as the return path for the current 44. Similarly, the con­
ductor pair 34(C), operates as the supply leg for additional 
current, and the conductor pair 34(D) operates as the return 

5 path for the additional current. 
As generally shown in FIG. 1, the PSE 24 includes, among 

other things, a power source 46, a monitoring circuit 48, and 
a connection interface 50 ( e.g., an RJ-45 connector interface). 
Similarly, the PD 26 includes, among other things, a load 52 

10 (e.g., a Voice-over-IP phone), a monitoring circuit 54, and a 
connection interface 56 ( e.g., another RJ-45 connector inter­
face). It should be understood that the monitoring circuits 48, 
54 are shown as extending across conductor pairs 34 for 
simplicity but that such circuits 48, 54 preferably include 

15 circuits which connect in series with the circuits 48, 54. In 
some arrangements, the monitoring circuit 48 includes a cur­
rent sense resistor in series with the power source 46 supply 
leg ( e.g., 1-0hm or less in value), and a voltage amplifier 
buffer driving an analog/digital converter circuit configured 

20 to measure the voltage drop across that resistor in order to 
enable the PSE 24 to determine the amount of current through 
the power source 46 supply leg. In such arrangements, the 
monitoring circuit 54 includes a similar current sense resistor 
in series on the power source 46 supply leg in order to enable 

25 the PD 26 to sense current as well. 
It should be understood that the circuitry of the PSE 24 and 

the PD 26 further includes a variety of (i) filters, (ii) relays or 
power transistors that enable or disable power flow out of the 
PSE 24 in the case of the PSE 24, and into the PD 26 in the 

30 case of the PD 26, and (iii) internal protection circuits, but that 
such circuits are omitted from FIG. 1 for simplicity. Such 
filtering circuits enable isolation of communications signals 
on each conductor pair 34, and the current on conductor pairs 
34(A), 34(8) from any current on the conductor pairs 34(C), 

35 34(D) (and vice versa). Additionally, such internal protection 
circuits isolate the internal circuits of the PSE 24 and the PD 

FIG. 1 shows a layout 20 for a Power-over-Ethernet (PoE) 
system 22 which controls the supplying of power based on 
temperature change results which are determined from resis- 40 

tance measurements. The PoE system 22 includes power­
sourcing equipment (PSE) 24, a remotely powerable device 
(PD) 26, and a communications pathway 28. The communi­
cations pathway 28 includes communications cabling 30 (i.e., 
one or more cables) and a patch panel 32. The communica- 45 

tions cabling 30 includes pairs of electrical conductors 34(A), 
34(8), 34(C), 34(D) ( collectively, conductor pairs 34) which 
are capable of carrying communications signals 36 ( e.g., dif­
ferential mode) between the PSE 24 and the PD 26, and power 

26 from direct voltages and currents on the conductor pairs 
34. Further details of the operation of the PSE 24 and the PD 
26 will now be provided with reference to FIGS. 2 and 3. 

FIG. 2 shows various circuits of the PD 26, and FIG. 3 
shows various circuits of the PSE 24. As shown in FIG. 2, the 
monitoring circuit 54 of the PD 26 includes a local voltage 
monitor 60 and a local current monitor 62. The PD 26 further 
includes a controller having an analog-to-digital converter 
(ADC) 64, non-volatile memory 65, and a transmitter 66. 

During operation of the PD 26, the local voltage monitor 60 
is configured to measure the input voltage at the end 40(2) of 
the communications pathway 28 (also see FIG.1). In particu­
lar, the local voltage monitor 60 is configured to (i) sense the 

38 ( e.g., common mode) from the PSE 24 to the PD 26. 
In the layout 20, the PSE 24 resides at a first end 40(1) of 

the communications pathway 28, and is configured to trans­
mit a communications signal 36 to the PD 26 through the 
conductor pair 34(A), and receive a communications signal 

50 potential difference across the conductor pairs 34(A) and 
34(8) ( e.g., at the center taps of isolation transformers), and 
(ii) output an analog voltage signal 68 identifying the sensed 
potential difference. The local current monitor 62 is config-

36 from the PD 26 through the conductor pair 34(8). Simi- 55 

larly, the PD 26 resides at a second end 40(2) of the commu­
nications pathway 28, and is configured to transmit a com­
munications signal 36 to the PSE 24 through the conductor 
pair 34(8), and receive a communications signal 36 from the 
PSE 24 through the conductor pair 34(A). Accordingly, a first 60 

set 42(1) of conductor pairs 34(A), 34(8) are communica­
tions signal carrying pairs, and a second set 42(2) of conduc-
tor pairs 34(C), 34(D) are non-communications signal carry­
ing pairs. 

ured to (i) measure the current 44 through the conductor pairs 
34(A), 34(8), and (ii) output an analog current signal 70 
identifying the amount of current through the conductor pairs 
34( A), 34(8). The controller having the ADC 64 is configured 
to generate a digital PD voltage signal 72 and a digital PD 
current signal 74 based on the analog voltage signal 68 and 
the analog current signal 70, respectively. The digital PD 
voltage signal 72 defines a value which represents the input 
voltage at the end 40(2) of the conductor pairs 34(A), 34(8) of 
the communications pathway 28, and the digital PD current 
signal 74 defines a value which represents the current 44 

Additionally, in the layout 20, the PSE 24 is configured to 
supply power 38 to the PD 26 using all of the conductor pairs 
34. In particular, the conductor pair 34(A), operates as the 

65 through the conductor pairs 34(A), 34(8) of the communica­
tions pathway 28. The digital voltage and current signals 72, 
74 may be stored in non-volatile memory 65 for purposes of 
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retrieval at a later time. The transmitter 66 is configured to 
periodically send these values (i.e., electrical parameters) in 
the form of a PD signal 76 to the PSE 24 through the conduc­
tor pair 34(8). 

In some arrangements, the transmitter 66 includes standard 
Ethernet PHY technology where differential signaling is used 
to deliver packet data. In these arrangements, a packet has the 
digital signal setting encoded to deliver the amplitude of 
voltage, current, temperature and any other relevant data back 
to the PSE 24 or the power supplying device. 

In some arrangements, the transmitter 66 is capable of 
delivering the same data even though the PD 26 is not fully 
powered. In such arrangements, the transmitter 66 carries out 
common mode communications by modulating the voltage 
signal during detection in the PSE 24 ( equivalent derivative of 
46 shown in FIG. 1). In such arrangements, the PSE 24 
delivers a message to the PD 26 by modulating its common 
mode voltage, while the PD 26 modulates its current to send 
information back all while the power has not been fully turned 
on from the PSE 24. In order for the PD 26 to deliver its own 
measurements back to the PSE 24 using the data channel (i.e., 
the communications pathway 28 in FIG. 1), the PD 26 pref­
erably stores the measurements in non-volatile memory 65 of 
the PD 26. When the power 38 is turned on, the controller 64 
in its initialization routine retrieves such data from the non­
volatile memory 65 and sends the data to the PSE 24 via the 
data channel ( e.g., an Ethernet link) along with a host of other 
data. 

It should be understood that, when the PD 26 is inline 
powered, the transmitter 66 may be configured to only send an 
update if there is a change that calls for an update. This 
requirement imposes additional burden and cost on the power 
controller 64 of the PD 26. Such cost stems from the need for 
an isolated digital interface integrated into the power control­
ler 64 in the PD 26 that crosses the isolated DC/DC boundary 
where the power for the digital interface of the PHY and/or 
PHY and the memory 65 may exist. Such an interface though 
costly is capable of being used to initiate a PSE-based query 

6 
critical availability of certain functions) to help reduce the 
cooling expense needed to keep the temperature of the build­
ing within a specified range. 

As shown in FIG. 3, the monitoring circuit 48 of the PSE 24 
5 includes a local voltage monitor 80 and a local current moni­

tor 82. The PSE 24 further includes an ADC 84, a receiver 86, 
a controller 88, and non-volatile memory 89. 

During operation of the PSE 24, the local voltage monitor 
80 is configured to measure the input voltage at the end 40(1) 

10 of the communications pathway 28 (also see FIG. 1). In 
particular, the local voltage monitor 80 is configured to (i) 
sense the potential difference applied across the conductor 
pairs 34(A) and 34(8) (e.g., at the center taps of isolation 
transformers), and (ii) output an analog voltage signal 90 

15 identifying the sensed potential difference. The local current 
monitor 82 is configured to (i) measure the current 44 through 
the conductor pairs 34(A), 34(8), and (ii) output an analog 
current signal 92 identifying the amount of current through 
the conductor pairs 34(A), 34(8). The ADC 84 is configured 

20 to generate a digital PSE voltage signal 94 and a digital PSE 
current signal 96 based on the analog voltage signal 90 and 
the analog current signal 92, respectively. The digital PSE 
voltage signal 94 defines a value which represents the applied 
voltage at the end 42(1) of the conductor pairs 34(A), 34(8) of 

25 the communications pathway 28, and the digital PSE current 
signal 96 defines a value which represents the current 44 
through the conductor pairs 34(A), 34(8) of the communica­
tions pathway 28. 

It should be understood that the controller 88 is capable of 
30 storing these digital signals 94, 96 in the non-volatile memory 

85. Accordingly, the controller 88 is capable of further calcu­
lating an average which it then stores in the non-volatile 
memory 85 at lower frequency for future use and or to gen­
erate a heat map and or a graphical plot of historical data over 

35 time to enable comparison. If the PD 26 is a smart device that 
is equipped with the earlier-described interface, the PSE 24 
may send a request based on these digital signals asking the 
PD 26 to reduce its power consumption while more reading 
are taken and averaged over time. If such a reduction in power 

40 consumption improves the operational temperature of the 
cable evidenced by the current measurements, the user or the 
administrator is informed to look into the whole link, from 
cable and patch panel to connectors in order to identify the 

to a smart PD 26 to reduce its power requirements thus insur­
ing the validity of measurements of the temperature rise in a 
cable of the communications pathway 28 ahead of powering 
down the PD 26. For example, ifa PD 26 is faulty and does not 
respond to such request, that in itself is a good indicator of 45 

something out of control. Also if the PD 26 succeeds in 
scaling back its power requirements upon a request from the 
PSE 24 via such added interface (i.e., the PD 26 reduces its 
power consumption while continuing to perform a series of 
operations), and the PSE 24 can detect a decrease in tempera- 50 

ture, the user or administrator are informed all while keeping 
the PD 26 in a usable lower power mode with a cable of the 
communications pathway 28 that is cooler until the problem 

proper course of action. 
It should be further understood that the non-volatile 

memory 85 may be a shared memory device that is shared 
among all ports and inline power controllers in a system. 
Information stored in the non-volatile memory 85 is capable 
of including a date and time stamp, port number, an IEEE 
power class as defined in 802.3af or similar methods of the PD 
attached device, cable length (as determined by a TDR in the 
PHY), the number of powered pairs, a remote device ID, the 
voltage and current at the remote device 26 at different 
instances in time, temperature reading from different loca­
tions in a building to track the changes in ambient temperature 
(if available), date and time of resistance measurements, and 

is understood and solved. Such interface may resemble what 

a flag if the remote device 26 has been disconnected and or 
taken off line, along with a host of other useful information 
that helps track history of a device's performance and envi-

is known as the SM8US interface, I2C interface or the like, 55 

and it uses opto-isolators or transformers to allow the PD 
controller 64 to communicate with the PHY in the PD 26 for 
purposes of management, control, and frequent status updat­
ing ( as in reading the local voltage and current for purposes of 
calculating the change in resistance). Such communication is 
capable of taking place in both directions between the PSE 24 
and the PD 26 via standard Ethernet packets and using a 
protocol such as the Cisco Discovery Protocol (CDP). A 
smart PD 26 may be instructed to scale back its power con­
sumption at night for example, when the user is no longer 
present, or it may display a message to the user asking for 
permission to scale back power (possibly eliminating non-

60 ronmental variables that can affect it. If temperature sensors 
were deployed in a building and their data is shared with the 
controllers discussed in these arrangements, then a sudden 
rise in ambient temperature of the building where the cable 
run is present on a hot summer day that contributes to the rise 

65 in the temperature of the cables can be factored in the decision 
and would help account for the operational temperature of the 
cables as dictated in their specifications. A heat map of the 

Petitioner Samsung Ex-1008, 0012



US 7,593,747 Bl 
7 

heat or ambient temperature in a building can be derived from 
the resistance measurements of these arrangements if similar 
PD devices 26 attached to the PSE 24 on similar cable runs 
produces predictable heat rise patterns at specific times of the 
day and of the year. 

Concurrently or within a short period of time from when 
the ADC 84 generates the digital PSE voltage signal 94 and 
the digital PSE current signal 96, the receiver 86 is configured 

8 
In Equation (2), 0.00393 in Ohms per degrees Celsius is the 
temperature coefficient of copper, R_INITIAL is the resis­
tance of the communications pathway 28 when the PSE 24 
makes an initial baseline measurement ( e.g., during an initial 

5 discovery phase prior to supplying power through the com­
munications pathway 28), and R_OPERATING is the resis­
tance of the communications pathway 28 when the PSE 24 
makes periodic measurements over time while supplying 
power to the PD 26. 

The PSE 24 and PD 26 preferably take the voltage and 
current measurements for the initial baseline resistance cal­
culation soon after the PD 26 activates ( e.g., during the PSE 
discovery phase, shortly after the PSE 24 transitions from the 
discovery phase to the delivery phase, etc.). Accordingly, 

to receive the PD signal 76 from the PD 26, and extract and 
10 

provide the digital PD voltage signal 72 and the digital PD 
current signal 74 to the controller 88. The digital signal 74 
may be stored in the non-volatile memory 85, at the location 
associated with the port number along with any other useful 
data that a smart PD may send. With knowledge of the PSE 
output voltage "V _PSE" (i.e., defined by the digital PSE 
voltage signal 94), the PD input voltage "V _PD" (i.e., defined 

15 R_INITIAL for the communications pathway 28 represents 
the resistance of the communications pathway 28 relatively 
close to startup conditions. 

by the digital PD voltage signal 72), and the current "I" (i.e., 
defined by either the digital PSE current signal 92 of the 
digital PD current signal 7 4 since the current 44 should be the 
same when measured at either end 42(1), 42(2)), the control­
ler 88 is capable of computing the resistance "R" through the 
communications pathway 28. In some arrangements, the con­
troller 88 includes a processor 98 and memory 100 which 
stores a specialized application 102. When the processor 98 
executes this application 102, the processor 98 calculates the 
resistance "R" through the communications pathway 28. 
Accordingly, the controller 88 computes the resistance "R" 
through the communications pathway 28 at different times in 
order to determine a temperature change. Once the resistance 
"R" is known, a digital representation of its value may be 
stored in the non-volatile memory 85, at the location associ­
ated with the port number along with any other useful data 
such as the time and date stamp. 

First, it should be understood that the controller 88 is 
capable of calculating the resistance "R" through the com­
munications pathway 28 based on the voltage drop through 
the communications pathway 28 (i.e., the difference between 
the PSE output voltage "V _PSE" and the PD input voltage 
"V _PD") and the current 44. In particular, the controller 88 is 
capable of determining the resistance "R" of the communi­
cations pathway using Equation (1). 

From then on, the PSE 24 and PD 26 continue to periodi­
cally take voltage and current measurements for operating 

20 resistance calculations which are performed by the controller 
88 in an ongoing manner ( e.g., every 10 seconds, every 30 
seconds, etc.). Furthermore, the controller 88 periodically 
generates a temperature change result 104 and compares this 
temperature change result 104 to a predetermined threshold 

25 value 106 (FIG. 3). The processor 98 is capable of saving 
these results 104 in the memory 100 (e.g., in the form of a 
log). 

If each temperature change result 104 stays lower than the 
predetermined threshold value 102, the controller 88 consid-

30 ers the communications pathway 28 to be at a nominal tem­
perature. However, when a temperature change result 104 
surpasses the predetermined threshold value 106, the control­
ler 88 considers the communications pathway 28 to be poten­
tially at a dangerous temperature and transitions to an error 

35 handling mode. In some arrangements, the controller 88 per­
forms one or more additional temperature calculations to 
confirm that the communications pathway 28 is at a danger­
ous temperature and, if so, disables delivery of power to the 
PD 26 through the communications pathway 28 and sends a 

40 warning message to a user. Accordingly, the PSE 24 safely 
turns off the power 38 supplied to the PD 26 through the 
cabling 30 (e.g., by opening a switch 108 of the power source 
46, see FIG. 3) and thus avoids causing damage to the com­
munications pathway 28. Further details will now be pro­

R = (V_PSE-V_PDJ_ 
I 

(lJ 45 vided with reference to FIG. 4. 
FIG. 4 summarizes a procedure 110 which is performed by 

the controller 88 of the PSE 24. In step 112, the processor 98 
of the controller 88 obtains the initial resistance value (e.g., 
the processor 98 reads R_INITIAL) from the memory 100. Second, it should be understood that, with knowledge of 

the conductor material used in the communications pathway 
28, a change in temperature of that conductor material over 
time is capable of being derived from the change in the 
resistance "R" over time and the temperature coefficient of 
the conductor material. For example, in the context of a typi­
cal network infrastructure, the employed hardware is pre­
dominantly made of copper ( e.g., see the cabling 30 and the 
patch panel 32 in FIG. 1). Along these lines, the change in 
temperature of the communications pathway 28 which can be 
assumed to be the change in temperature of the copper mate­
rial within the cabling 30 is capable ofbeing determined using 
Equation (2). 

R OPERATING-R INITIAL 
Change in Temperature= - R_INITIALx 0_00393 

(2) 

50 Recall that this initial resistance value is capable of being 
obtained by applying Equation (1) while using the initially 
measured voltages and current from the PSE 24 and the PD 
26. Accordingly, step 112 preferably occurs during the dis­
covery phase of the PS E's operation or shortly thereafter. The 

55 PSE 24 may opt to store a digital representation of R_INI­
TIAL in the non-volatile memory 85. 

Similarly, in step 114, the processor 98 obtains the operat­
ing resistance value ( e.g., R_OPERATING) while the PSE 24 
supplies power to the PD 26 during a power delivery phase. 

60 Again, recall that this operating resistance value is capable of 
being obtained by applying Equation (1) while using subse­
quently measured voltages and current from the PSE 24 and 
the PD 26. The PSE 24 may opt to store a digital representa-

65 

tion ofR_OPERATING in the non-volatile memory 85. 
In step 116, the processor 98 generates a temperature 

change result 104 based on the initial resistance value and the 
operating resistance value. In some arrangements, the proces-
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sor 98 logs this result 104 in the memory 100 and may store a 
copy in the non-volatile memory 85 ( e.g., with a date and time 
stamp). In some arrangements, the processor 98 further cal­
culates the actual power loss through the communications 
pathway, adjusts a power budget of the PSE 24, and allocates 5 

power to other devices based on the adjusted power budget. 
In step 118, the processor 98 compares the temperature 

change result 104 with the predetermined threshold 106 ( e.g., 
a value representing 10 degrees Celsius, 20 degrees Celsius, 
30degrees Celsius, etc.), and controls delivery of power to the 10 

PD 26 depending on the comparison. In particular, if the 
temperature change result 104 indicates that the change in 
temperature of the communications pathway 28 is lower than 
the predetermined threshold 106, the processor 98 proceeds 
to step 120. However, if the temperature change result 104 15 

indicates that the change in temperature of the communica­
tions pathway 28 exceeds than the predetermined threshold 
106 the processor 98 proceeds to step 122. 

In step 120, the processor 98 waits a predefined period of 
time before repeating steps 114 and 116 (e.g., 10 seconds, 30 20 

seconds, etc.). The processor 98 then proceeds back to step 
114. 

10 
tor pairs 34(C), 34(D) are susceptible to overheating and pose 
a threat to causing damage, the PSE 24 would be able to 
effectively determine whether the temperature of the commu-
nications pathway 28 has risen to above a dangerous level. 

FIG. 6 shows another layout 130 for a PoE system 22 which 
controls the supplying of power based on temperature change 
results which are determined from resistance measurements. 
The layout 130 is similar to the layout 120 of FIG. 5 except 
that, in the layout 130, the monitoring circuits 48, 54 are 
configured to monitor voltage and current on the conductor 
pairs 34(C), 34(D) but the conductor pairs 34(C), 34(D) are 
not involved in supplying power to the PD 26. Accordingly, 
the second set 42(2) of conductor pairs 34(C), 34(D) are 
utilized for temperature monitoring but are otherwise unused. 

In the layout 130, the PD 26 provides a short circuit 132 ( or 
alternatively a load 132) across the conductor pairs 34(C), 
34(D) in order to form a close circuit that enables the moni­
toring circuits 48, 54 to effectively measure voltage and cur­
rent on the conductor pairs 34(C), 34(D) (i.e., current mea­
suring via series connected resistors). As a result, the 
monitoring circuits 48, 54 are capable of measuring the out-
put voltage of the PSE 24 and the input voltage of the PD 26 
across the conductor pairs 34(C), 34(D), as well as the current 
44 through the conductor pairs 34(C), 34(D), without the 

In step 122, the processor 98 performs an error handling 
routing such as turning off the switch 108 to prevent further 
delivery of power 38 to the PD 26 through the communica­
tions pathway 28. In some arrangements, the processor 98 
repeats steps 114 and 116 ( e.g., without waiting) at least one 
more time to confirm the rise in temperature before turning 
off delivery of power to the PD 26. Accordingly, the processor 

25 need for electrical access to the first set 42(1) of conductor 
pairs 34(A), 34(8) which carry both communications and 

98 is well-equipped to selectively enable and disable delivery 30 

of power 38 to the PD 26 through the communications path­
way 28 based on the temperature change result 104. 

Also, in step 122, the ambient temperature is evaluated 
(assuming sensors are present) to analyze if the rise is due to 
environmental issues. In particular, if the PD 26 is determined 35 

to be a smart PD, it may be instructed to scale its power 
requirements down and to inform its users of such request. 
The PD 26 may or may not be allowed to return to its full 
power requirement if the PSE 24 determines that its own 
measurements after such power cutback has changed for the 40 

better ( e.g., if a decrease in temperature is detected after the 
PD power has been reduced). Either way a note is preferably 
sent to the administrator. In some arrangements, the admin­
istrator configures the PSE 24 to issue warnings only and keep 
everything operational. Further details will now be provided 45 

with reference to FIGS. 5 through 7. 
FIG. 5 shows an alternative layout 120 for a PoE system 22 

which controls the supplying of power based on temperature 
change results which are determined from resistance mea­
surements. The layout 120 is similar to the layout 20 of FIG. 50 

1 except that, in the layout 120, the monitoring circuits 48, 54 
are configured to monitor voltage and current on the conduc-
tor pairs 34(C), 34(D) rather than on the conductor pairs 
34(A), 34(8). As mentioned earlier, the second set 42(2) of 
conductor pairs 34(C), 34(D) does not need to carry the 55 

communications signals 36 between the PSE 24 and the PD 
26 (e.g., in the case of 10/100 Ethernet), but nevertheless is 
involved in conveying power from the PSE 24 to the PD 26. 

With the layout 120, the monitoring circuits 48, 54 effec­
tively measure voltage and current on the conductor pairs 60 

34(C), 34(D). That is, the monitoring circuits 48, 54 measure 
the output voltage of the PSE 24 and the input voltage of the 
PD 26 across the conductor pairs 34(C), 34(D), as well as the 
current 44 through the conductor pairs 34(C), 34(D). (Recall 
that the monitoring circuits 48, 54 are shown as crossing 65 

conductor pairs for simplicity but preferably include series 
connected resistors for current sensing). Since these conduc-

power. 
FIG. 7 shows an alternative layout 140 for a PoE system 22 

which controls the supplying of power based on temperature 
change results which are determined from resistance mea­
surements. The layout 140 is similar to the layout 20 of FIG. 
1 except that, in the layout 140, the second set 42(2) of 
conductor pairs 34(C), 34(D) is not involved in conveying 
power from the PSE 24 to the PD 26. In some arrangements, 
the second set 42(2) of conductor pairs 34(C), 34(D) never­
theless carries data. 

With the layout 140, the monitoring circuits 48, 54 effec­
tively measure voltage and current on the first set 42(1) of 
conductor pairs 34(A), 34(8) as in the layout 20 of FIG. 1. 
That is, the monitoring circuits 48, 54 are configured to mea­
sure the output voltage of the PSE 24 and the input voltage of 
the PD 26 across the conductor pairs 34(A), 34(8), as well as 
the current 44 (i.e., current measuring via series connected 
resistors) through the conductor pairs 34(A), 34(8) to enable 
the PSE 24 to generate a temperature change result 104 based 
on determines resistances through the communications path­
way 28, and ultimately selectively enable, scale back or dis­
able delivery of power 38 to the PD 26 through the commu­
nications pathway 28 based on the temperature change result 
104. 

As mentioned above, improved techniques control supply­
ing power to a remotely powerable device ( e.g., a PD 26) 
based on generating temperature change results 104 which 
are determined from resistance measurements (e.g., using the 
temperature coefficient of cable conductor material of a com­
munications pathway 28). Such resistance measurements are 
easily obtainable and thus provide convenient and reliable 
means of temperature measurement. 

While this invention has been particularly shown and 
described with references to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined 
by the appended claims. 

For example, it should be understood that the system lay­
outs of FIGS. 1, 5, 6 and 7 were provided to illustrate particu­
lar arrangements and that other layouts are suitable as well. In 
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particular, in some arrangements, the communications path­
way 28 carries data through all four conductor pairs 34. In 
some arrangements, the monitoring circuits 48, 54 sense volt­
age across and current through multiple sets 42 of conductor 
pairs 34. In other arrangements, the number of conductor 5 

pairs 34 within the communications pathway is a number 
other than four ( e.g., two, six, eight, and so on). Other com­
binations and variations are intended to belong to various 
embodiments and arrangements as well. 

What is claimed is: 
1. In power-sourcing equipment, a method for controlling 

delivery of power to a remotely powerable device through a 
communications pathway connecting the power-sourcing 
equipment to the remotely powerable device, the method 
comprising: 

obtaining an initial resistance value representing an initial 
resistance of the communications pathway; 

after obtaining the initial resistance value, obtaining an 
operating resistance value representing an operating 
resistance of the communications pathway; 

generating a temperature change result based on the initial 
resistance value and the operating resistance value; and 

selectively one of enabling and disabling delivery of power 

10 

15 

20 

to the remotely powerable device through the commu­
nications pathway based on the temperature change 25 

result. 
2. A method as in claim 1 wherein the power-sourcing 

equipment is configured to operate in (i) a discovery phase to 
discover whether the remotely powerable device is ready to 
receive power through the communications pathway, and (ii) 30 

a delivery phase to deliver power to the remotely powerable 
device through the communications pathway after the power­
sourcing equipment has discovered that the remotely power­
able device is ready to receive power through the communi­
cations pathway; and wherein obtaining the initial resistance 35 

value includes: 
acquiring an initial remote voltage value from the remotely 

powerable device through the communications pathway, 
the initial remote voltage value representing an input 
voltage at the remotely powerable device during the 40 

discovery phase; and 

12 
able device is ready to receive power through the communi­
cations pathway; and wherein obtaining the initial resistance 
value includes: 

acquiring an operating remote voltage value from the 
remotely powerable device through the communications 
pathway, the initial remote voltage value representing an 
input voltage at the remotely powerable device during 
the delivery phase; and 

generating the operating resistance value based on the 
operating remote voltage value. 

5. A method as in claim 4 wherein generating the operating 
resistance value includes: 

measuring an operating local voltage value at the power­
sourcing equipment, the operating local voltage value 
representing an output voltage at the power-sourcing 
equipment during the delivery phase; 

measuring a current value representing an amount of cur­
rent through the communications pathway during the 
delivery phase; and 

producing the operating resistance value based on (i) the 
operating remote voltage value representing the input 
voltage at the remotely powerable device during the 
delivery phase, (ii) the operating local voltage value 
representing the output voltage at the power-sourcing 
equipment during the delivery phase, and (iii) the cur­
rent value representing the amount of current through 
the communications pathway during the delivery phase. 

6. A method as in claim 1 wherein the communications 
pathway includes a cable having a set of signal carrying 
conductors and a set of unused conductors; and wherein 
obtaining the operating resistance value includes: 

monitoring voltage on the set of signal carrying conductors 
without monitoring voltage on the set of unused conduc­
tors. 

7. A method as in claim 1 wherein the communications 
pathway includes a cable having a set of signal carrying 
conductors and a set of unused conductors; and wherein 
obtaining the operating resistance value includes: 

monitoring voltage on the set of unused conductors with­
out monitoring voltage on the set of signal carrying 
conductors. 

8. A method as in claim 1 wherein the communications 
generating the initial resistance value based on the initial 

remote voltage value. 
3. A method as in claim 2 wherein generating the initial 

resistance value includes: 
measuring an initial local voltage value at the power-sourc­

ing equipment, the initial local voltage value represent­
ing an output voltage at the power-sourcing equipment 
during the discovery phase; 

pathway includes a cable having conductors formed of copper 

45 
material; wherein the temperature change result represents a 
change in temperature of the copper material; and wherein 
generating the temperature change result includes: 

measuring a current value representing an amount of cur- 50 

rent through the communications pathway during the 
discovery phase; and 

producing the initial resistance value based on (i) the initial 
remote voltage value representing the input voltage at 
the remotely powerable device during the discovery 55 

phase, (ii) the initial local voltage value representing the 
output voltage at the power-sourcing equipment during 
the discovery phase, and (iii) the current value represent­
ing the amount of current through the communications 
pathway during the discovery phase. 60 

4. A method as in claim 1 wherein the power-sourcing 
equipment is configured to operate in (i) a discovery phase to 
discover whether the remotely powerable device is ready to 
receive power through the communications pathway, and (ii) 
a delivery phase to deliver power to the remotely powerable 65 

device through the communications pathway after the power­
sourcing equipment has discovered that the remotely power-

producing the temperature change result based on (i) the 
initial resistance value, (ii) the operating resistance 
value, and (iii) a temperature coefficient of the copper 
material. 

9. A method as in claim 8 wherein selectively one of 
enabling and disabling delivery of power to the remotely 
powerable device through the communications pathway 
includes: 

comparing the temperature change result with a predeter­
mined threshold; 

enabling delivery of power to the remotely powerable 
device through the cable when the temperature change 
result is less than the predetermined threshold; and 

disabling delivery of power to the remotely powerable 
device through the cable when the temperature change 
result is greater than the predetermined threshold. 

10. A method as in claim 9 wherein the predetermined 
threshold represents a temperature change of more than 10 
degrees Celsius; and wherein disabling delivery of power to 
the remotely powerable device includes: 
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preventing delivery of power to the remotely powerable 
device through the cable when the temperature change 
result exceeds the predetermined threshold representing 
the temperature change of more than 10 degrees Celsius. 

11. A method as in claim 1: 
wherein obtaining the initial resistance value representing 

the initial resistance of the communications pathway 
includes dynamically calculating, at the power-sourcing 
equipment, as the initial resistance value, an actual ini­
tial resistance amount from a first set of voltages and a 10 

first set of currents measured at a startup time range 
during which the remotely powerable device (PD) is 
starting up but before the PD reaches a fully powered 
state; and 

14 
converting the analog current signal to a digital current 

signal at the first ADC; 
sending the first digital voltage signal and the digital cur­

rent signal through the second conductor pair to the 
power-sourcing equipment (PSE); 

measuring, at the startup time range during which the PD is 
starting up but before the PD reaches a fully powered 
state, a second potential difference across the first 
twisted pair and the second twisted pair at a PSE side of 
the communications pathway; 

in response to measuring the second potential difference, 
outputting a second analog voltage signal indicating a 
PSE voltage, 

converting the second analog voltage signal to a second 
digital voltage signal at a second ADC; and 

calculating at the power-sourcing equipment the initial 
resistance by dividing the difference between the PSE 
voltage and the PD voltage by the current. 

wherein obtaining the operating resistance value represent- 15 

ing the operating resistance of the communications path­
way includes dynamically calculating, at the power­
sourcing equipment the operating resistance, from a 
second set of voltages and a second set of currents at an 
operational time range during which the PD is in a fully 
powered state. 

14. A method as in claim 13 wherein obtaining an operating 
20 resistance value representing an operating resistance of the 

communications pathway includes: 
12. A method as in claim 1: 
wherein the communications pathway includes a first con­

ductor pair along which a communication signal trans­
mits from the power-sourcing equipment to the remotely 25 

powerable device, the first conductor pair being a differ­
ential twisted pair for differential signaling in high speed 
communications; 

wherein the communications pathway includes a second 
conductor pair along which the communication signal 30 

transmits from the remotely powerable device to the 
power-sourcing equipment, the second conductor pair 
being a differential twisted pair for differential signaling 
in high speed communications; 

wherein the communications pathway includes a third con- 35 

ductor pair and a fourth conductor pair, the third con­
ductor pair and the fourth conductor pair being twisted 
pairs; 

wherein the communications pathway is constructed and 
arranged to deliver current from the power-sourcing 40 

equipment to the remotely powerable device along the 
first conductor pair and the third conductor pair; and 

wherein the communications pathway is constructed and 
arranged to return current from remotely powerable 
device to the power-sourcing equipment along the sec- 45 

ond conductor pair and the fourth conductor pair. 
13. A method as in claim 12 wherein obtaining an initial 

resistance value representing an initial resistance of the com­
munications pathway includes: 

measuring, at a startup time range during which the 50 

remotely powerable device (PD) is starting up but before 
the PD reaches a fully powered state, a first potential 
difference across the first twisted pair and the second 
twisted pair at a PD side of the communications path­
way; 55 

in response to measuring the first potential difference, out­
putting a first analog voltage signal indicating a PD 
voltage; 

measuring, at the startup time range during which the PD is 
starting up but before the PD reaches a fully powered 60 

state, a current through one of the first twisted pair and 
the second twisted pair of the communications pathway; 

in response to measuring the current, outputting an analog 
current signal indicating the current; 

converting the first analog voltage signal to a first digital 65 

voltage signal at a first analog-to-digital converter 
(ADC); 

measuring, at an operational time range during which the 
PD is in a fully powered state, a first operational poten­
tial difference across the first twisted pair and the second 
twisted pair at the PD side of the communications path­
way; 

in response to measuring the first operational potential 
difference, outputting a first analog operational voltage 
signal indicating an operational PD voltage; 

measuring, at the operational time range during which the 
PD is in a fully powered state, an operational current 
through one of the first twisted pair and the second 
twisted pair of the communications pathway; 

in response to measuring the operational current, output­
ting an analog operational current signal indicating the 
operational current, 

converting the first analog operational voltage signal to a 
first digital operational voltage signal at the first ADC; 

converting the analog operational current signal to a digital 
operational current signal at the first ADC; 

sending the first digital operational voltage signal and the 
digital operational current signal through the second 
conductor pair to the power-sourcing equipment; 

measuring, at the operational time range during which the 
PD is in a fully powered state, a second operational 
potential difference across the first twisted pair and the 
second twisted pair at the PSE side of the communica­
tions pathway; 

in response to measuring the second operational potential 
difference, outputting a second analog operational volt­
age signal indicating an operational PSE voltage; 

converting the second analog operational voltage signal to 
a second digital operational voltage signal at the second 
ADC; and 

calculating at the power-sourcing equipment the opera­
tional resistance by dividing the difference between the 
operational PSE voltage and the operational PD voltage 
by the operational current. 

15. Power-sourcing equipment, comprising: 
a power source; 
an interface configured to connect to a communications 

pathway leading to a remotely powerable device; and 
a controller interconnected between the power source and 

the interface, the controller being configured to: 
obtain an initial resistance value representing an initial 

resistance of the communications pathway; 
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after obtaining the initial resistance value, obtain an 
operating resistance value representing an operating 
resistance of the communications pathway; 

generate a temperature change result based on the initial 
resistance value and the operating resistance value; 5 

and 
selectively one of enable and disable delivery of power 

to the remotely powerable device through the com­
munications pathway based on the temperature 
change result. 10 

16 
measure an operating local voltage value at the power­

sourcing equipment, the operating local voltage value 
representing an output voltage at the power-sourcing 
equipment during the delivery phase; 

measure a current value representing an amount of current 
through the communications pathway during the deliv-
ery phase; and 

produce the operating resistance value based on (i) the 
operating remote voltage value representing the input 
voltage at the remotely powerable device during the 
delivery phase, (ii) the operating local voltage value 
representing the output voltage at the power-sourcing 
equipment during the delivery phase, and (iii) the cur-
rent value representing the amount of current through 
the communications pathway during the delivery phase. 

20. Power-sourcing equipment as in claim 15 wherein the 
communications pathway includes a cable having a set of 
signal carrying conductors and a set of unused conductors; 
and wherein the controller, when obtaining the operating 

16. Power-sourcing equipment as in claim 15 wherein the 
power-sourcing equipment is configured to operate in (i) a 
discovery phase to discover whether the remotely powerable 
device is ready to receive power through the communications 
pathway, and (ii) a delivery phase to deliver power to the 15 

remotely powerable device through the communications 
pathway after the power-sourcing equipment has discovered 
that the remotely powerable device is ready to receive power 
through the communications pathway; and wherein the con­
troller, when obtaining the initial resistance value, is config­
ured to: 

20 resistance value, is configured to: 

acquire an initial remote voltage value from the remotely 
powerable device through the communications pathway, 
the initial remote voltage value representing an input 
voltage at the remotely powerable device during the 25 

discovery phase; and 
generate the initial resistance value based on the initial 

remote voltage value. 
17. Power-sourcing equipment as in claim 16 wherein the 

controller, when generating the initial resistance value, is 30 

configured to: 

monitor voltage on the set of signal carrying conductors 
without monitoring voltage on the set of unused conduc­
tors. 

21. Power-sourcing equipment as in claim 15 wherein the 
communications pathway includes a cable having a set of 
signal carrying conductors and a set of unused conductors; 
and wherein the controller, when obtaining the operating 
resistance value, is configured to: 

monitor voltage on the set of unused conductors without 
monitoring voltage on the set of signal carrying conduc­
tors. 

measure an initial local voltage value at the power-sourcing 
equipment, the initial local voltage value representing an 
output voltage at the power-sourcing equipment during 
the discovery phase; 

measure a current value representing an amount of current 
through the communications pathway during the discov­
ery phase; and 

22. Power-sourcing equipment as in claim 15 wherein the 
communications pathway includes a cable having conductors 
formed of copper material; wherein the temperature change 

35 result represents a change in temperature of the copper mate­
rial; and wherein the controller, when generating the tempera­
ture change result, is configured to: 

produce the initial resistance value based on (i) the initial 
remote voltage value representing the input voltage at 40 

the remotely powerable device during the discovery 
phase, (ii) the initial local voltage value representing the 
output voltage at the power-sourcing equipment during 
the discovery phase, and (iii) the current value represent­
ing the amount of current through the communications 45 

pathway during the discovery phase. 
18. Power-sourcing equipment as in claim 15 wherein the 

power-sourcing equipment is configured to operate in (i) a 
discovery phase to discover whether the remotely powerable 
device is ready to receive power through the communications 50 

pathway, and (ii) a delivery phase to deliver power to the 
remotely powerable device through the communications 
pathway after the power-sourcing equipment has discovered 
that the remotely powerable device is ready to receive power 
through the communications pathway; and wherein the con- 55 

trailer, when obtaining the initial resistance value, is config­
ured to: 

acquire an operating remote voltage value from the 
remotely powerable device through the communications 
pathway, the initial remote voltage value representing an 60 

input voltage at the remotely powerable device during 
the delivery phase; and 

produce the temperature change result based on (i) the 
initial resistance value, (ii) the operating resistance 
value, and (iii) a temperature coefficient of the copper 
material. 

23. Power-sourcing equipment as in claim 22 wherein the 
controller, when selectively one of enabling and disabling 
delivery of power to the remotely powerable device through 
the communications pathway, is configured to: 

compare the temperature change result with a predeter­
mined threshold; 

enable delivery of power to the remotely powerable device 
through the cable when the temperature change result is 
less than the predetermined threshold; and 

disable delivery of power to the remotely powerable device 
through the cable when the temperature change result is 
greater than the predetermined threshold. 

24. Power-sourcing equipment as in claim 23 wherein the 
predetermined threshold represents a temperature change of 
more than 10 degrees Celsius; and wherein the controller, 
when disabling delivery of power to the remotely powerable 
device, is configured to: 

prevent delivery of power to the remotely powerable device 
through the cable when the temperature change result 
exceeds the predetermined threshold representing the 
temperature change of more than 10 degrees Celsius. generate the operating resistance value based on the oper­

ating remote voltage value. 
19. Power-sourcing equipment as in claim 18 wherein the 

controller, when generating the operating resistance value, is 
configured to: 

25. Power-sourcing equipment as in claim 15 wherein the 
65 controller is further configured to: 

measure actual power loss through the communications 
pathway; 
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adjust a power budget based on the measured actual power 
loss; and 

allocate power to other devices based on the adjusted 
power budget. 

26. Power-sourcing equipment as in claim 15 wherein: 
the communications pathway includes a cable having a 

plurality of pairs of electrical conductors, each electrical 
conductor made of copper wire and capable of transmit­
ting communications signals and power signals along 
the cable; 10 

the initial resistance of the communications pathway is an 
initial resistance along the plurality of pairs of electrical 
conductors made of copper; and 

the operating resistance of the communications pathway is 15 
an operating resistance along the plurality of pairs of 
electrical conductors made of copper. 

27. Power-sourcing equipment as in claim 26 wherein the 
cable with the plurality of pairs of electrical conductors made 
of copper wire is one of category 3 cable, category 5 cable, 20 

and category 6 cable. 
28. Power-sourcing equipment as in claim 15: 
wherein the controller is configured to obtain the initial 

resistance value representing the initial resistance of the 
communications pathway by being configured to 25 

dynamically calculate, at the power-sourcing equip­
ment, as the initial resistance value, an actual initial 
resistance amount from a first set of voltages and a first 
set of currents measured at a startup time range during 
which the remotely powerable (PD) device is starting up 30 

but before the PD reaches a fully powered state; and 
wherein the controller is configured to obtain the operating 

resistance value representing the operating resistance of 
the communications pathway by being configured to 
dynamically calculate at the power-sourcing equipment 35 

the operating resistance from a second set of voltages 
and a second set of currents at an operational time range 
during which the PD is in a fully powered state. 

29. In power-sourcing equipment, a method for controlling 
40 

delivery of power to a remotely powerable device through a 
communications pathway connecting the power-sourcing 
equipment to the remotely powerable device, the method 
comprising: 

obtaining an initial resistance value representing an initial 45 
resistance of the communications pathway; 

after obtaining the initial resistance value, obtaining an 
operating resistance value representing an operating 
resistance of the communications pathway; 

generating a temperature change result based on the initial 50 

resistance value and the operating resistance value; 

18 
storing power-related data including the measure of power 

dissipated in the communications pathway as a history 
log in memory. 

30. Power-sourcing equipment, comprising: 
a power source; 
an interface configured to connect to a communications 

pathway leading to a remotely powerable device; and 
a controller interconnected between the power source and 

the interface, the controller being configured to control 
delivery of power to the remotely powerable device 
through the communications pathway, the controller 
including: 
means for obtaining an initial resistance value represent­

ing an initial resistance of the communications path­
way; 

means for obtaining an operating resistance value rep­
resenting an operating resistance of the communica­
tions pathway after obtaining the initial resistance 
value; 

means for generating a temperature change result based 
on the initial resistance value and the operating resis­
tance value; and 

means for selectively one of enabling and disabling 
delivery of power to the remotely powerable device 
through the communications pathway based on the 
temperature change result. 

31. A smart remotely powerable device, comprising: 
a monitoring circuit configured to measure electrical 

parameters of copper wire in a cable used in determining 
a temperature change in the cable leading from a power 
source to the smart remotely powerable device; 

a communications circuit configured to communicate with 
the power source; and 

a controller configured to perform a series of operations, 
the controller being further configured to scale back 
power consumption while performing the series of 
operations in response to receipt of a power reduction 
command sent from the power source to the controller 
through the communications circuit when the power 
source detects a particular temperature change. 

32. A method as in claim 1 wherein: 
the communications pathway includes a cable having a 

plurality of pairs of electrical conductors, each electrical 
conductor made of copper wire and capable of transmit­
ting communications signals and power signals along 
the cable; 

the initial resistance of the communications pathway is an 
initial resistance along the plurality of pairs of electrical 
conductors made of copper; and 

the operating resistance of the communications pathway is 
an operating resistance along the plurality of pairs of 
electrical conductors made of copper. generating a measure of power dissipated in the commu­

nications pathway; 

selectively one of enabling, scaling back, and disabling 
delivery of power to the remotely powerable device 
through the communications pathway based on the tem­
perature change result; and 

33. A method as in claim 32 wherein the cable having the 
plurality of pairs of electrical conductors made of copper wire 

55 is one of category 3 cable, category 5 cable, and category 6 
cable. 

* * * * * 
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