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TIME DIVISION MULTIPLE ACCESS FOR
NETWORK NODES WITH MULTIPLE
RECEIVERS

TECHNICAL FIELD

The invention relates to the field of communications net-
works and, more particularly, to systems and methods for
communicating among nodes in a wireless network.

BACKGROUND OF THE INVENTION

Communications networks typically include a number of
interconnected communicating nodes. The connections
between nodes are usually made through physical wires or
optical links. Wireless networks, in which nodes connect
through wireless links, are also well known.

Wireless networks generally employ radio-frequency
channels to communicate between nodes. In a wireless net-
work that uses Frequency Division Multiple Access (FDMA),
channels are defined by the use of one or more radio-frequen-
cies. For example, node A may communicate with node B on
one channel using frequency 1, while node C may communi-
cate with node D on another channel using frequency 2.

In a wireless network that employs Code Division Multiple
Access (CDMA), channels are defined by a set of spreading
codes (a spreading code may control, or allow variations in,
transmission frequencies in accordance with prescribed
mathematical function or functions). Thus, for example, node
E may transmit to node F using a first spreading code and
node G may transmit to node H using a second spreading
code. The two transmissions may overlap in frequency and
time. On reception, nodes F and H can extract the intended
information using the first and second spreading codes,
respectively.

In a wireless network that employs Time Division Multiple
Access (TDMA) channels, one or more time slots may be
assigned to each node, such that each respective node may
transmit information only within its assigned time slots. FIG.
1 illustrates an exemplary wireless network 100 that employs
TDMA to define multiple channels.

Wireless network 100 includes nodes 102-112. Nodes 102-
112 may be included in, for example, an airplane, a ground
station, a sensor, and a vehicle, such as a car or a ship. Each
node may be assigned a timeslot in which to transmit. For
example, node 102 is assigned timeslot 116, node 104 is
assigned time slot 122, node 106 is assigned timeslot 114,
node 108 is assigned timeslot 118, node 110 is assigned
timeslot 120, and node 112 is assigned timeslot 124. Thus,
each node may transmit to other nodes only during the node’s
respective assigned timeslots. A receiving node may thus
receive information from another transmitting node when the
transmitting node transmits during its assigned timeslot.

Typically, each node in a network has a single transceiver.
Usually the single transceiver may transmit or receive, but
may not simultaneously transmit and receive because the
power used to transmit information may interfere with recep-
tion. Such transceivers are called half-duplex transceivers.
Full-duplex transceivers are capable of simultaneous trans-
mission and reception. This can be achieved by devoting one
frequency (in an FDMA network) or one spreading code (in a
CDMA network, direct sequence spread spectrum radios, or
frequency hopping radios) to transmission in one channel and
another frequency or spreading code to reception in another
channel. Thus, a full-duplex transceiver actually transmits
and receives simultaneously by using two channels.

20

25

30

35

40

45

50

55

60

65

2

Some nodes in wireless networks have multiple transceiv-
ers that are operated independently of other transceivers. In
some relatively rare cases multiple transceivers may be used
in a coordinated fashion within a given network node. For
example, in one system, a node may transmit and receive
distinct synchronization patterns on multiple channels in par-
allel using closely coordinated multiple transceivers.

Dueto increasing demand for more bandwidth within com-
munications networks, a more efficient way of transmitting
and receiving information among nodes in a wireless network
is desired.

SUMMARY OF THE INVENTION

Systems and methods for providing an efficient way to
transmit and receive information among nodes in a wireless
network are provided. Each node is assigned at least one
TDMA timeslot for receiving messages. Multiple messages
may be received by a node during an assigned timeslot. Each
received message may be distinguished within the receiving
node using different transmit spreading codes, carrier fre-
quencies, or frequency hop sets.

In a first aspect of the invention, a method of communicat-
ing among nodes in a wireless network is provided. Using the
method, a timeslot is assigned to each of a group of nodes in
the wireless network. The timeslot is a time for a correspond-
ing node to receive messages transmitted by other nodes. A
modulation scheme is assigned to each of the nodes. A mes-
sage is transmitted from at least one of the nodes, using the
assigned modulation scheme, to at least one destination node.
The message is received at the at least one destination node
from the at least one of the nodes.

In a second aspect of the invention, a network is provided.
The network includes a group of nodes. Each of the nodes has
anassigned modulation scheme. Each ofthe nodes includes at
least one transmitter and a group of receivers. The at least one
transmitter is configured to transmit to a destination node
using the assigned modulation scheme. The group of receiv-
ers is configured to receive multiple messages during a
TDMA timeslot assigned to the node.

In a third aspect of the invention, a network is provided.
The network includes means for transmitting in a network,
that includes a group of nodes, messages using multiple
modulation schemes, and means for receiving the messages
only during assigned timeslots.

In a fourth aspect of the invention, a machine-readable
medium having instructions recorded thereon is provided.
When the instructions are read and executed by at least one
processor of a node, the node is configured to: receive a
message from at least one of a plurality of nodes during a
receive timeslot assigned to the node.

In a fifth aspect of the invention, a method of communicat-
ing among nodes in a wireless network is provided. Using the
method, a node in a network receives, during a TDMA
timeslot assigned to the node for receiving, multiple mes-
sages transmitted by a group of other nodes. Each of the other
nodes transmits messages to the node, using a different
orthogonal or nearly orthogonal transmit spreading code, dur-
ing the timeslot assigned to the node.

In a sixth aspect of the invention, a method is provided for
simultaneously receiving multiple messages in a wireless
network node. Using the method, a node in the network
receives, during a TDMA timeslot assigned to the node, the
multiple messages transmitted by a group of other nodes.
Each of the other nodes transmits messages during the
timeslot assigned to the node using a different carrier fre-
quency.
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In a seventh aspect of the invention, a method for commu-
nicating among a group of ultra-wideband radios functioning
as wireless network nodes is provided. Using the method, one
of a group of transmit spreading codes is used to transmit a
message from an ultra-wideband radio to at least one other of
the ultra-wideband radios in a wireless network during a
timeslot assigned to the at least one other of the ultra-wide-
band radios for receiving the message.

In an eighth aspect of the invention, a node is provided. The
node includes at least one transmitter and multiple receivers.
The at least one transmitter is configured to transmit to a
destination node using an assigned modulation scheme dur-
ing a timeslot assigned to the destination node. The receivers
are configured to receive messages during a timeslot assigned
to the node.

In a ninth aspect of the invention, an ad-hoc network having
a group of nodes is provided. A timeslot and a modulation
scheme are assigned to each of the nodes. The timeslot is a
time during which its respective node is capable of receiving
a message from at least one other of the nodes. The message
is transmitted from at least one other of the nodes in accor-
dance with the modulation scheme to at least one of each of
the nodes during the timeslot assigned to the at least one of
each of the nodes. The at least one of each of the nodes
receives the message.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate an
embodiment of the invention and, together with the descrip-
tion, explain the invention. In the drawings,

FIG. 1 illustrates an exemplary wireless network that uses
an existing TDMA method for sharing a channel;

FIG. 2 illustrates an exemplary ad hoc network in which
implementations consistent with principles of the invention
may operate,

FIG. 3 is a functional block diagram that illustrates an
exemplary node;

FIG. 4 shows a first exemplary wireless network consistent
with the principles of the invention;

FIG. 5 is a flowchart that illustrates a networking setup
process that may be used with the first exemplary wireless
network;

FIG. 6 is a flowchart that illustrates a process that may be
used for transmitting from a node according to one imple-
mentation;

FIG. 7 is a flowchart that illustrates a process that may be
used for receiving messages in a node in the first exemplary
wireless network;

FIG. 8 shows a second exemplary wireless network con-
sistent with the principles of the invention;

FIG. 9 is a flowchart that illustrates a networking setup
process that may be used according to another implementa-
tion;

FIG. 10 is a flowchart that illustrates a process that may be
used for transmitting from a node according to another imple-
mentation;

FIG. 11 is a flowchart that illustrates a process that may be
used for receiving messages in a node according to another
implementation;

FIG. 12 shows a third exemplary wireless network consis-
tent with the principles of the invention; and

FIG. 13 shows a fourth exemplary wireless network con-
sistent with the principles of the invention.
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4
DETAILED DESCRIPTION

The following detailed description of the invention refers
to the accompanying drawings. The same reference numbers
in different drawings may identify the same or similar ele-
ments. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the
appended claims and equivalents.

Operating Environment

One type of wireless network is known as an “ad-hoc”
network. In an ad-hoc network, nodes may cooperatively
route traffic among themselves. Network nodes in these net-
works may not be permanent: they are instead based on physi-
cal proximity at any given point in time. The network may
adjust dynamically to changing node conditions, which may
result from node mobility or failure.

In general, some or all of the nodes in an ad-hoc network
are capable of network routing functions (“routers”), while
other nodes may be merely source or destinations for data
traffic (“endpoints™). All nodes in the network may execute a
set of algorithms and perform a set of networking protocols
that enable the nodes to find each other, determine paths
through the network for data ftraffic from source to
destination(s), and detect and repair ruptures in the network
as nodes move, fail, as battery power changes, and as com-
munication path characteristics change over time.

FIG. 2 is a diagram illustrating an exemplary ad-hoc net-
work 200 in which implementations consistent with prin-
ciples of the invention may operate. Ad-hoc network 200
includes a number of nodes 201-1 through 201-16. Lines
joining nodes 201 represent connectivity; that is, if two nodes
201 are connected by a line, the two nodes can communicate
directly with one another, each capable of transmitting and
receiving messages. A message in network 200 can make its
way through the network hop-by-hop until it reaches its des-
tination node.

FIG. 3 illustrates exemplary node 201. Exemplary node
201 may include a Central Processing Unit (CPU) 302,
memory 304, one or more transmitters 306, one or more
receivers 308, RF subsystem 310 and antenna 312. Option-
ally, node 201 may further include network interface 314 and
one or more sensors 316. The total number of transmitters 306
and receivers 308 in node 201 can be three or more. For
example, node 201 may have at least one transmitter and two
receivers, or node 201 may have at least one receiver and two
transmitters. Further, in one implementation, transmitters 306
may be or may include transmit modems and receivers 308
may be or may include receive modems.

CPU 302 may be a conventional microcomputer, micro-
controller, Digital Signal Processor (DSP), Field Program-
mable Gate Array (FPGA), Application Specific Integrated
Circuit (ASIC) or other device capable of controlling node
201.

Memory 304 may include static memory, such as Nonvola-
tile Random Access Memory or flash memory for storing
instructions and configuration parameters. Memory 304 may
also include Dynamic Random Access Memory, or any other
convenient form of memory for use as working storage during
operation of node 201.

Transmitters 306 may be capable of modulating messages
over a wireless channel. Transmitters 306 may perform such
functions as converting bits to chips, inserting preambles (for
example, to provide synchronization patterns for a receive
modem), adding error correction features, such as Forward
Error Correction codes, and providing power level indica-
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tions. In a CDMA transmitter, narrow band signals are con-
verted to chips, or wider band signals by multiplying each
complex single bit symbol by atime-varying complex spread-
ing code sequence.

Receivers 308 may be capable of demodulating messages
received by antenna 312. Receivers 308 may perform func-
tions, such as detection of synchronization preambles, Viterbi
decoding, and application of error codes.

The above described transmit and receive modems may be
implemented using a mixture of hardware and software. For
example, the modems may be implemented by code instan-
tiated in Field Programmable Gate Arrays (FPGAs). Thus, by
using an FPGA implementation, there would be little addi-
tional power or space requirement for installing multiple
transmitters and receivers in a single node.

RF subsystem 310 may include electronics for upconvert-
ing signals from transmitters 306 for transmission via antenna
312 and for downconverting received signals from antenna
312 and passing the downconverted signals to receivers 308.

Optional network interface 314 may be a wireless or wire-
line interface, such as an Ethernet interface, that allows a
device or another node to plug into node 201. Network inter-
face 314 may be useful, for example, if node 201 is to act as
awired or wireless router. In this situation, RF subsystem 310
and antenna 312 may not be present.

Optional sensors 316 may be provided for sensor network
nodes. Sensors 316 may include video sensors, for still or
moving images, acoustic sensors, magnetic sensors, or other
types of sensors. An ad hoc wireless sensor network may, for
example, be used to gather environmental data for a particular
area in which the nodes are placed.

Implementations

FIG. 4 illustrates an exemplary wireless network 400 con-
sistent with the principles of the invention. Exemplary wire-
less network 400 includes multiple nodes 201-1 through
201-6 (each of which includes one or more receivers). Nodes
201-1 through 201-6 may operate according to a TDMA
schedule that may be imposed by a predetermined configu-
ration, by administration of a master node or by any scheme
for distributing, sharing or deriving the TDMA schedule.
Each of nodes 201-1 through 201-6 may be implemented in
an airplane, a ground station, a sensor, or a vehicle.

In exemplary network 400, each of nodes 201-1 through
201-6 may be assigned a timeslot. Unlike traditional TDMA
networks, which use timeslots for sending messages, each of
nodes 201-1 through 201-6 in network 400 may use a respec-
tive TDMA timeslot for receiving messages from other
nodes. Thus, in network 400, node 201-1 may use timeslot
416 to receive messages, node 201-2 may use timeslot 422 to
receive messages, node 201-3 may use timeslot 414 to receive
messages, node 201-4 may use timeslot 418 to receive mes-
sages, node 201-5 may use timeslot 420 to receive messages,
and node 201-6 may use timeslot 424 to receive messages. In
other words, instead of transmitting in an assigned timeslot
and receiving in the other timeslots, nodes 201-1 through
201-6 receive in their assigned timeslots and may transmit in
other timeslots.

To transmit information, each of the nodes 201-1 through
201-6 may use a different spreading code to transmit the
information using CDMA techniques. The spreading codes
may be orthogonal or nearly orthogonal with respect to one
another (orthogonal in this context meaning that the codes are
mutually non-interfering), such that multiple transmitters of
nodes 201-1 through 201-6 may transmit simultaneously with
the different spreading codes. In one implementation of net-
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work 400, each of nodes 201-1 through 201-6 may include a
number of receivers 308 equal to a number of nodes in net-
work 400. The multiple transmissions may then be received
by receivers 308 of the node designated for that timeslot.

FIG. 5 is a flowchart that illustrates an exemplary proce-
dure that may be used for setting up a network, such as
exemplary network 400. A master node, which may be one of
nodes 201-1 through node 201-6, may assign a unique trans-
mit spreading code to each node (act 500). Alternatively, the
unique transmit spreading code for each node may be pre-
configured in each node, such as during manufacture of the
node. The master node may distribute a TDMA schedule
including receive timeslots for each of the nodes (act 502).
Alternatively, the TDMA schedule may be derived and/or
shared among the nodes.

FIG. 6 illustrates exemplary procedures that may be used in
nodes 201-1 through node 201-6 to transmit a message to
another node. A node may determine whether it has a message
to transmit to another node (act 602). If the node does nothave
amessage to transmit to another node, the node may continue
to check for a message to transmit to another node. Otherwise,
the node may determine whether the current TDMA timeslot
is assigned to the other node (act 604). If the current timeslot
is not assigned to the other node, the node may continue to
check the current time slot until the current timeslot is one that
is assigned to the other node. When the node determines that
the current timeslot is assigned to the other node, transmitter
306 of the node transmits the message using the transmitting
node’s pre-assigned transmit spreading code (act 606).

FIG. 7 is a flowchart that helps to explain exemplary pro-
cessing that may be performed in nodes 201-1 through node
201-6 when receiving messages from other nodes in exem-
plary network 400. One of nodes 201-1 through node 201-6
may determine whether the current timeslot is assigned to
itself (act 702). If the current timeslot is assigned to the node,
the node may assign the transmit spreading codes of some or
all other nodes in network 400 to respective receivers 308 (act
704). That is, each receiver 308 in the node may be assigned
a different one of the transmit spreading codes. Alternatively,
the node may assign the transmit spreading codes of some or
all other nodes to respective receivers 308 at an earlier time.
During the assigned timeslot, the node may receive multiple
incoming messages on multiple receivers 308 (act 706). Each
received message may be encoded with the transmit spread-
ing code of a respective one of the transmitting nodes in
exemplary network 400. Each received message may then be
processed by the receiving node.

Second Implementation

A second implementation consistent with the principles of
the invention differs from the previous implementation in that
each node has a number, K, of receivers 308 that is less than
a number of nodes in the network and K spreading codes are
used in the network. Thus, the spreading codes are “over-
booked” with the understanding or expectation that some
nodes will not have anything to transmit during a given slot.

An example of the second implementation is illustrated by
FIG. 8, which shows exemplary wireless network 800 con-
sistent with another aspect of the invention. Wireless network
800 includes multiple nodes 201-1 through 201-6 (each of
which may include one or more receivers, but having fewer
receivers than the number of nodes in network 800). Nodes
201-1 through 201-6 may operate according to a TDMA
schedule that may be pre-configured, imposed by a master
node or by any scheme for distributing, sharing or deriving
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the TDMA schedule. Nodes 201-1 through 201-6 may be
included in airplanes, ground stations, sensors, and vehicles.

Innetwork 800, each of nodes 201-1 through 201-6 may be
assigned a timeslot for receiving messages in a manner simi-
lar to that discussed with regard to network 400. Transmitters
306 may be provided with spreading codes for a direct
sequence CDMA system. K spreading codes may be used
within network 800, where K is less than the number of nodes
in network 800. Each node 201-1 through 201-6 may have K
receivers 308. The spreading codes may be orthogonal or
nearly orthogonal with respect to one another, such that mul-
tiple transmitters 306 may transmit simultaneously with dif-
ferent spreading codes, and the multiple transmissions may
be correctly received by receivers 308 in a single node during
the node’s assigned timeslot.

In network 800, node 201-5 may be assigned to receive
during timeslot 814. Nodes 201-1 through 201-4 and 201-6
may transmit to node 201-5 during timeslot 814. Each of
nodes 201-1 through 201-4 and 201-6 may transmit using a
respective one of K spreading codes.

FIG. 9 is a flowchart that helps to explain an exemplary
process that may occur during network setup of exemplary
network 800. A master node, which may be one of nodes
201-1 through 201-6, or some other network device may
distribute K orthogonal spreading codes to each of nodes
201-1 through 201-6 (act 902). As mentioned previously, K
can be less than the number of nodes in network 800. Alter-
natively, the spreading codes may be pre-configured in nodes
201-1 through 201-6. The master node or some other network
device may distribute the TDMA schedule to nodes 201-1
through 201-6 (act 904). Alternatively, the nodes may derive
and/or share the TDMA schedule.

FIG. 10 is a flowchart that illustrates an exemplary proce-
dure for nodes 201-1 through 201-6 to transmit messages to
other nodes. One of nodes 201-1 through 201-6 may deter-
mine whether there is a message to transmit to another node
(“X”) in network 800 (act 1002). If the node determines that
it has a message to transmit to another node, the node may
determine whether a current timeslot is assigned to the other
node (act 1004). If the current time slot is assigned to the other
node, then the node may randomly select one of the K
orthogonal spreading codes (act 1006) and may transmit the
message to the other node using the selected spreading code
to encode the message (act 1008).

Note that if two or more transmitting nodes use the same
spreading code, the message may not be received correctly.
Therefore, in cases where the message must be sent reliably,
the transmitting node may wait to receive an acknowledge-
ment of correct receipt from the receiving node. If no such
acknowledgement is received within a predetermined time
period, the transmitting node may randomly select another
one of the K spreading codes and retransmit the message
during a later timeslot of the receiving node.

FIG. 11 is a flowchart that explains an exemplary process in
nodes 201-1 through 201-6 of network 800 for receiving a
message from another node. One of nodes 201-1 through
201-6 may determine whether a current timeslot is assigned
to itself (act 1102). If the current timeslot is assigned to the
node, then the node assigns the K orthogonal spreading codes
to its K respective receivers 308 (act 1104). That is, each
receiver 308 in the node may be assigned a different one of the
transmit spreading codes. Alternatively, the node may assign
the transmit spreading codes to respective receivers 308 at an
earlier time. The node may then receive incoming messages
on multiple receivers 308 using the assigned spreading codes
to demodulate the messages (act 1106).
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Third Implementation

A third implementation consistent with the principles of
the invention differs from the first and second implementa-
tions in that multiple nodes may be configured to receive
during the same timeslots.

An example of the third implementation is shown in FIG.
12, which illustrates an exemplary wireless network 1200
consistent with another aspect of the invention. Wireless net-
work 1200 includes multiple nodes 201-1 through 201-6
(each of which includes more than one receiver 308). In some
implementations, the number of receivers 308 per node, K,
may be less than or equal to the number of nodes in network
1200. In other implementations, the number of receivers 308
per node, K, may be greater than the number of nodes in
network 1200. Nodes 201-1 through 201-6 may operate
according to a TDMA schedule that may be imposed by
pre-configuration of nodes 201-1 through 201-6, imposed by
a master node, which may be one of nodes 201-1 through
201-6, or by any scheme for distributing, sharing or deriving
the TDMA schedule. Any of nodes 201-1 through 201-6 may
located in airplanes, ground stations, sensors, and vehicles.

In network 1200, each of nodes 201-1 through 201-6 may
be assigned a timeslot for receiving messages. In this imple-
mentation, multiple nodes may be assigned to receive infor-
mation in a single timeslot.

Transmitters 306 may be provided with a spreading code
for a direct sequence CDMA system. K spreading codes may
be used within network 1200. In implementations in which K
is less than or equal to the number of nodes in network 1200,
some nodes may use the same spreading code. In implemen-
tations in which K is greater than the number of nodes in
network 1200, some or all of the nodes may use a unique
transmit spreading code.

Each node 201-1 through 201-6 may have K receivers 308.
The spreading codes may be orthogonal or nearly orthogonal
with respect to one another, such that multiple transmitters of
different nodes may transmit simultaneously with different
spreading codes, and the multiple transmissions may be cor-
rectly received by receivers 308 in a single node during the
node’s assigned timeslot.

In network 1200, nodes 201-2 and 201-5 may be assigned
timeslot 1214. Nodes 201-1 through 201-6 may transmit to
nodes 201-2 and 201-5 during timeslot 1214, (although node
201-2 is shown in FIG. 12 as receiving and not shown as
sending, it has capacity to concurrently transmit to node
201-5in this timeslot; likewise, although node 201-5 is shown
in FIG. 12 as receiving and not shown as sending, it has
capacity to concurrently transmit to node 201-2 in this
timeslot). Thus, in this example, multiple nodes are transmit-
ting to other multiple nodes during the same timeslot. Each of
nodes 201-1 through 201-6 may transmit using one of K
spreading codes. In some implementations, a node ID may be
included in the transmitted message to indicate the intended
destination (e.g., node 201-2 or 201-5). Nodes receiving the
message that do not correspond to the node ID in the message
may discard the received message.

Multiple nodes in network 1200 may transmit simulta-
neously using the same spreading code. In this situation, the
receiving nodes may transmit acknowledgements to the send-
ing node to indicate correct reception of a transmitted mes-
sage. If the acknowledgment is not received within a prede-
termined time period, the transmitting node may retransmit
the message.

FIGS. 9-11, which describe exemplary network setup and
exemplary transmit and receive processing of a node in net-
work 800 may also apply to setup of network 1200 and
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transmit and receive processing of a node in network 1200.
FIG. 9 explains processing for network setup. FIG. 10
explains processing for transmission from a node. FIG. 11
explains processing for receiving a message in a node.

Fourth Implementation

A fourth implementation consistent with the principles of
the invention differs from the previous implementations in
that each node has more than one transmitter 306 as well as
more than one receiver 308.

An example of the fourth implementation is shown in FIG.
13, which illustrates an exemplary wireless network 1300
consistent with another aspect of the invention. Wireless net-
work 1300 includes multiple nodes 201-1 through 201-6
(each of which may include more than one receiver 308 and
more than one transmitter 306). Nodes 201-1 through 201-6
may operate according to a TDMA schedule that may be
pre-configured in nodes 201-1 through 201-6, imposed by a
master node, which may be one of nodes 201-1 through
201-6, or by any scheme for distributing, sharing or deriving
the TDMA schedule. Any of nodes 201-1 through 201-6 may
beincluded in airplanes, ground stations, sensors, or vehicles.

In network 1300, each of nodes 201-1 through 201-6 may
be assigned a timeslot for receiving messages. Multiple nodes
may be assigned to receive in a single timeslot.

Each transmitter 306 may be provided with a spreading
code for a direct sequence CDMA system. K spreading codes
may be used within network 1300. In some implementations,
K may beless than or equal to the number of nodes in network
1300. In such implementations, some nodes may transmit
using the same spreading code. In other implementations, K
may be greater than the number of nodes in network 1300. In
such implementations, some or all nodes may transmit using
a unique spreading code. The spreading codes may be
orthogonal or nearly orthogonal with respect to one another,
such that multiple transmitters 306 may transmit simulta-
neously with different spreading codes, and the multiple
transmissions may be correctly received by receivers 308 in a
single node during the node’s assigned timeslot.

In network 1300, nodes 201-2 and 201-5 may be assigned
timeslot 1314 to receive information. Nodes 201-1 through
201-6 may transmit to nodes 201-2 and 201-5 during timeslot
1314, (although not shown in FIG. 13, receiving node 201-2
may be concurrently transmitting to node 201-5 while receiv-
ing and node 201-5 may be concurrently transmitting to node
201-2 while receiving). Each of the transmitters 306 of nodes
201-1 through 201-6 may transmit using one of K spreading
codes. All transmitters 306 of a node may use a different
spreading code. In some implementations, a node ID may be
included in the transmitted message to indicate an intended
destination. Nodes receiving the message that do not corre-
spond to the node ID in the message may discard the received
message.

Some transmitters 306 within different nodes may transmit
using the same spreading code. Therefore, it is possible that a
transmission may not be reliably received when two or more
transmitters transmit simultaneously using the same spread-
ing code. In such an situation, the receiving node may trans-
mit an acknowledgement to the sending node to indicate
correct reception of a transmitted message. The transmitting
node may wait a predetermined period of time for the
acknowledgement. If the acknowledgement is not received
during the predetermined time period, the transmitting node
may retransmit the message during a later timeslot.

In network 1300, nodes 201-1, 201-3 through 201-4 and
201-6 may transmit, using multiple transmitters per node,
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during timeslot 1314 and nodes 201-2 and 201-5 may simul-
taneously receive the transmitted messages. Thus, for
example, nodes 201-2 and 201-5 may simultaneously receive
three messages from node 201-1, one message from node
201-3, two messages from node 201-4, and two messages
from node 201-6.

FIG. 9, showing exemplary network setup processing, may
also apply to network 1300. The received K spreading codes
may be assigned by each node to each transmitter 306 within
the respective node, such that no two transmitters 306 within
a node are assigned the same spreading code.

The process described in either FIG. 6 or FIG. 10 for
transmitting a message to another node may also apply to
nodes of network 1300, such that transmitters 306 of nodes
201-1 through 201-6 may transmit a message to another node
according to the process of FIG. 6 or FIG. 10. Thus, each
transmitter 306 of one of the nodes may transmit messages
using its respective assigned spreading code. Further, when
using the process of F1G. 10 to transmit messages from nodes
of network 1300, after randomly selecting a spreading code
(act 1006), the node may check whether the spreading code is
already assigned to another transmitter 306 within the node,
and if so, another spreading code may be selected.

The process described in FIG. 11 may be used by each
receiver 308 within a node in network 1300 to receive mes-
sages.

In some implementations, the spreading code of a trans-
mitter may be changed. The spreading codes of transmitters
306 within a single node should be unique within the node
because simultaneous transmissions of transmitters using the
same spreading code may cause the transmissions to be
garbled. Thus, when changing the spreading code of one
transmitter within a node, the new spreading code should not
be a spreading code used by any other transmitter within the
node.

Itshould be clear from the several examples and discussion
given above that each node may be assigned to more than one
timeslot and during each of those separate timeslots a particu-
lar node can receive messages from one or more other nodes.
It also should be clear from the several examples and discus-
sion above that each timeslot may be assigned to more than
one node, whereby multiple nodes to which a particular
timeslot is assigned can receive messages from one or more
other nodes during that particular timeslot.

Channels

The above implementations use spreading codes in a
spread spectrum system. However, other implementations are
possible. For example, spreading codes may be used for trans-
mitting messages from Ultra-Wideband (UWB) radio nodes.
UWRB radios convey information by transmitting a number of
very precisely timed, very short bursts of RF noise. The bursts
correspond to “chips” in conventional direct sequence spread
spectrum techniques. Thus, a network of UWB radios may
transmit a carefully spaced series of pulses to represent a O or
1. A number of such sequences may be used as different
spreading codes. Thus, an implementation may include a
number of UWB radios having one or more transmitters and
receivers, wherein each UWB radio is assigned a respective
TDMA timeslot for receiving messages.

Shared channels may be implemented using other modu-
lation schemes instead of spreading codes. For example, a
node may tune each of its receivers to a different carrier
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frequency. Thus, a node may simultaneously receive mes-
sages transmitted on different frequencies. Shared channels
may also be implemented via a frequency hopping (FH)
spread spectrum modulation scheme. In such a network, each
receiver would be given its own hop set, instead of a spreading
code.

Although the above exemplary networks were described as
using RF channels, implementations are not limited to using
RF channels. The techniques described above may be applied
to a wide range of transmission media, including optical,
acoustical, and magnetic media. Further, each of the nodes
depicted in FIGS. 4, 8,12 and 13 may be implemented within
a commercial, military, or other usage environment.

Modifications and Variations

Embodiments of the invention may be implemented in
hardware, software, or firmware. The firmware may be in
Read-Only Memory (ROM) and the software may reside on,
for example, a medium, such as floppy disk, optical disk, or
CD ROM.

CONCLUSION

The foregoing description of preferred embodiments of the
invention provides illustration and description, but is not
intended to be exhaustive or to limit the invention to the
precise form disclosed. Modifications and variations are pos-
sible in light of the above teachings or may be acquired from
practice of the invention for example, while a series of acts
has been described with regard to FIGS. 5-7 and 9-11, the
order of the acts may differ in other implementations consis-
tent with the present invention. Also, non-dependent acts may
be performed in parallel.

No element, act, or instruction used in the description of the
present application should be construed as critical or essential
to the invention unless explicitly described as such. Also, as
used herein, the article “a” is intended to include one or more
items. Where only one item is intended, the term “one” or
similar language is used. The scope ofthe invention is defined
by the claims and their equivalents.

What is claimed is:

1. A method of communicating among nodes in a wireless
network, comprising:

assigning a timeslot to each of a plurality of nodes in the

wireless network, the timeslot being a time for a corre-
sponding one of the plurality of nodes to receive any
messages transmitted by all other nodes of the plurality
of nodes to the one node;

assigning a modulation scheme to each of the plurality of

nodes;

using the assigned modulation scheme, transmitting the

messages to one destination node within the plurality of
nodes from all of the other of the plurality of nodes, the
messages being transmitted during a timeslot assigned
to the one destination node, the timeslot being other than
areceiving timeslot for each of said all of the other of the
plurality of nodes; and

receiving, at the one destination node, the messages from

the all of the other of the plurality of nodes.

2. The method of claim 1, wherein the assigning comprises
assigning one of a plurality of transmit spreading codes to
each of the plurality of nodes.

3. The method of claim 1, wherein the assigning comprises
assigning one of a plurality of hop sets to each of the plurality
of nodes.
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4. The method of claim 1, wherein:

the assigning comprises assigning a unique transmit
spreading code to each of the plurality of nodes.

5. The method of claim 1, wherein,

the transmitting a message comprises transmitting mes-
sages from a plurality of transmitting nodes, and

the receiving a message comprises receiving, at one of the
at least one destination node, the respective messages
from the plurality of transmitting nodes.

6. The method of claim 1, wherein the receiving a message
comprises receiving, at a plurality of the at least one destina-
tion node, messages from a plurality of transmitting nodes.

7. The method of claim 1 wherein the assigning comprises
assigning one of a plurality of orthogonal or nearly orthogo-
nal transmit spreading, codes to each of the plurality of nodes.

8. The method of claim 7, wherein the assigning further
comprises assigning one of K orthogonal or nearly orthogo-
nal transmit spreading codes to each node, where K is a
number less than a number of nodes in the wireless network.

9. The method of claim 7, further comprising:

waiting, after the transmitting, for an acknowledgement
indicating correct receipt; and

when the acknowledgement is not received after a prede-
termined period of time:

selecting a new transmit spreading code; and

retransmitting the message.

10. The method of claim 1, wherein:

the assigning comprises assigning a plurality of one of
orthogonal or nearly orthogonal transmit spreading
codes, carrier frequencies and hop sets to each node of
the plurality of nodes, each of the nodes having a plu-
rality, of transmitters and a plurality of receivers,

the transmitting comprises transmitting a plurality of mes-
sages from one ofthe nodes to the at least one other of the
nodes, and

the receiving comprises receiving, from the one of the
nodes, the plurality of messages.

11. The method of claim 1, wherein the timeslot is the same

for the each of the plurality of nodes.

12. The method of claim 1, wherein the timeslot is different
for the each of the plurality if nodes.

13. The method of claim 1 wherein the timeslot is the same
for certain of the plurality of nodes and is different for each of
the plurality of nodes other than the certain nodes.

14. A network comprising:

aplurality of nodes, each of the plurality of nodes having an
assigned modulation scheme, each node of the plurality
of nodes comprising:

at least one transmitter configured to transmit to a destina-
tion node using the assigned modulation scheme during
a receiving timeslot assigned to the destination node;
and

a plurality of receivers configured to receive any messages
transmitted from all other nodes in the plurality of nodes
to the node during a timeslot assigned to the node;

wherein said receiving timeslot assigned to the destination
node is different from all other receiving timeslots, each
assigned, respectively, to one of said all other nodes.

15. The network of claim 14, wherein each of the nodes
further comprises:

a plurality of transmitters, each of the transmitters being
configured to transmit using one of a plurality of trans-
mit spreading codes, a plurality of carrier frequencies,
and a plurality of hop sets.

16. The network of claim 14, wherein each one of the

receivers is configured to demodulate each of the received
messages using one of a transmit spreading code of the plu-
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rality of transmit spreading codes, a carrier frequency of the
plurality of carrier frequencies, and a hop set of the plurality
of hop sets.
17. A network comprising:
means for transmitting in the network that includes a plu-
rality of nodes messages from more than one of the
nodes using a plurality of modulation schemes, said
messages transmitted by each of said more than one of
the nodes in timeslots other than a receiving timeslot for
said each of said more than one of the nodes, each said
receiving timeslot being assigned, respectively to a dif-
ferent one of said more than one of the nodes; and

means for receiving, in said one of the nodes any of the
messages from all of the other nodes in the plurality of
nodes, said any ofthe messages being transmitted to said
one of the nodes only during said receiving timeslot
assigned to said one of the nodes.

18. A computer-readable storage medium having computer
executable instructions encoded thereon, such that when at
least one processor of the computer reads and executes the
instructions, a node including the processor in a networks
having a plurality of nodes is configured to:

transmit in timeslots other than a receive timeslot for said

node, each of said plurality of nodes being assigned,
respectively, a different receive timeslot; and

receive any messages from all other nodes in the network

transmitted to the node during the receive timeslot
assigned to the node.

19. A method comprising:

receiving, by a node in a network during a TDMA timeslot

assigned to the node for receiving, any messages trans-
mitted by all other nodes in the network to the node, each
of the other nodes transmitting messages to the node
during the timeslot assigned to the node, each of the
messages being transmitted using a different orthogonal
or nearly orthogonal transmit spreading code;

wherein the timeslot assigned to the node is other than a

receiving timeslot for said each of said all other nodes.

20. A method for simultaneously receiving a plurality of
messages in a wireless network node, the method comprising:

receiving, by a node in a network during a TDMA timeslot

assigned to the node for receiving, any messages trans-
mitted by all other nodes in the network to the node, each
of the other nodes transmitting messages during the
timeslot assigned to the node, each of the messages
being transmitted using a different carrier frequency;

wherein the timeslot assigned to the node is other than a

receiving timeslot for said each of said all other nodes.
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21. A method for communicating among a plurality of
ultra-wideband radios functioning as wireless network nodes,
the method comprising:

using one of a plurality of transmit spreading codes to

transmit any messages to one of the ultra-wideband
radios during a timeslot assigned to the one of the ultra-
wideband radios, the timeslot plurality of receiving the
messages from all of the other ultra-wideband radios of
the plurality of ultra-wideband radios; and

receiving and demodulating the messages, using the one of

the plurality of the transmit spreading codes at the one of
the ultra-wideband radios during the timeslot;

wherein the timeslot assigned to the one of the ultra-wide

band radios is other than a receiving timeslot for each of
said all other ultra-wide band radios.

22. A node in a network of a plurality of nodes, said node
comprising:

at least one transmitter configured to transmit to a destina-

tion node in said plurality of nodes using an assigned
modulation scheme during a timeslot assigned to the
destination node; and

a plurality of receivers configured to receive any messages

from all other nodes in said plurality of nodes transmit-
ted to the node during a timeslot assigned to the node;
wherein said timeslot assigned to the destination node, said
timeslot assigned to the node, and each one of other
receiving timeslots assigned, respectively, to a different
one of said all other nodes, are all different timeslots.

23. In an ad hoc, wireless network having a plurality of
nodes, a method of communicating amongst said nodes com-
prising:

assigning a timeslot to each of said plurality of nodes, said

timeslot being the time when said each of said plurality
of nodes is capable of receiving messages from all other
of said plurality of nodes and being a different timeslot
from all receiving timeslots assigned, respectively, to
said all other of said plurality of nodes;

assigning a modulation scheme to said each of said plural-

ity of nodes;

transmitting said messages from at least one of said all

other of said plurality of nodes in accordance with said
modulation scheme to one of said each of said plurality
ofnodes during said timeslot assigned to said one of said
each of said plurality of nodes; and

receiving said messages at said one of said each of said

plurality of nodes.

#* #* #* #* #*
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