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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] The invention relates to the field of wireless communications, and specifically the invention relates to a method
for dynamically allocating time slots of a common time division multiple access (TDMA) broadcast channel to a network
of transceiver nodes.

2. Description of the Prior Art

�[0002] A packet radio network consists of a number of geographically dispersed transceiver nodes that communicate
with each other. Due to limited transmission power and the geographic distance that physically separates the radios,
the transmissions of a given radio cannot be received by every other radio in the network. Instead, the transmissions of
a given radio can be received only by the radios located within the circular area covered by its transmission range R.
Referring to FIG.�1, the transmissions of node n can be received only by the radios located within a circle 10 whose
radius is equal to R, and its center is the location of node n. The circular area covered by the transmission range of a
node is referred to as the node’s one-hop neighborhood. The circle 10 having node n as its center and R as its radius
is the boundary of node n’s one-hop neighborhood. Similarly, the circle 14 having node j as its center and R as its radius
is the boundary of node j’s one-hop neighborhood.
�[0003] The circular area bounded by the circle 12 whose radius is equal to two times the transmission range (2R) and
has node n as its center is defined as node n’s two-hop neighborhood. Node n’s two-hop neighborhood includes all the
nodes included in the one-hop neighborhoods of all its one-hop neighbors. A node located within another node’s one-hop
neighborhood is referred to as a one-hop neighbor. Similarly, a node located within another node’s two-hop neighborhood
is referred to as a two-hop neighbor. The number of a node’s one-hop neighbors is defined as the node degree. The
maximum node degree of a network at a particular time instant is defined as the network degree. The maximum node
degree of a network over all time is defined as the maximum network degree.
�[0004] The problem of allocating the time slots of a common time division multiple access (TDMA) broadcast channel
to a geographically dispersed packet radio network of mobile nodes is especially challenging; this is because the time
slot allocation in such an environment has to maximize the spatial re-use of time slots, while at the same time guaranteeing
that each node’s broadcast transmissions are successfully received by all its one-hop neighbors. In order to guarantee
that a given node’s broadcast transmissions during a given time slot are successfully received by all its one-hop neighbors,
that node has to be the only transmitter within its two-hop neighborhood during that time slot.
�[0005] With continued reference to FIG. 1, if nodes n and j transmit during the same time slot their transmissions will
collide at node k, which is a one-hop neighbor of both nodes n and j. Therefore, in order to guarantee that node n’s
broadcast transmissions are successfully received by all its one-hop neighbors, node n has to be the only transmitter
in its two-hop neighborhood, which is the area bounded by circle 12. The objective of an efficient time slot allocation
method is to maximize the number of nodes that can transmit during the same time slot, while at the same time guar-
anteeing that their one-hop neighborhoods do not overlap. Furthermore, such a time slot allocation has to be resilient
to changes in topology that are caused by the constant mobility of the network nodes.
�[0006] Proposed time slot allocation methods can be divided into two categories: topology-dependent, and topolo-
gy-transparent. Topology-dependent time slot allocation methods rely on the instantaneous connectivity between the
nodes within a two-hop neighborhood, and dynamically reallocate time slots in a distributed manner in response to
connectivity changes.
�[0007] The main disadvantage of topology-dependent TDMA time slot allocation methods is that their efficiency and
robustness is vulnerable in a highly mobile environment for the following reasons:�

a) Significant overhead may be incurred in the process of coordinating time slot re-allocation within a two-hop
neighborhood, due to the exchange of control packets that is required in order for all nodes involved in the re-allocation
to have a consistent view of the updated time slot allocation;
b) Depending on the timing of events and the particular connectivity, the time slot re-assignment process within a
two-hop neighborhood may trigger time slot re-assignments in adjacent, overlapping two-hop neighborhoods, caus-
ing a time slot re-allocation ’ripple’ effect that could propagate throughout the entire network; this would increase
the control overhead required to synchronize all the nodes even more;
c) Transmissions are lost during the transient period of time slot re-allocation; lost transmissions can seriously
degrade network performance during transient periods since they cause retransmissions to occur, which in turn will
be lost again if the time slot reallocation process has not converged, causing further retransmissions; in other words,
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if the transient period of the time slot re-allocation process is longer than some critical time threshold, the network
performance may experience a spiral degradation;
d) The time slot re-allocation process may never converge if the rate of topology change exceeds the rate at which
the protocol can re-compute and distribute the new schedules; this will cause catastrophic failure of the network.

�[0008] In order to overcome the above deficiencies, a number of topology-transparent time slot allocation methods
have been proposed. The basic idea of the proposed topology-transparent time slot allocation methods is for a node to
transmit in a number of time slots in each time frame. The time slots which node n is allocated in a time frame correspond
to a unique code such that for any given one-hop neighbor k of node n, node n is allocated at least one time slot which
is not allocated to node k or any of k’s one-hop neighbors. Therefore, within any given time frame, any neighbor of n
can receive at least one packet from n collision-free.
�[0009] The disadvantages of the topology-transparent time slot allocation methods are the following:�

a) The transmitter is unable to know which neighboring nodes can correctly receive the packet it sends in a particular
slot, because these methods cannot guarantee a unique transmitter within a two-hop neighborhood; therefore, these
time slot allocation methods cannot be used in conjunction with interactive query/�response schemes between a
particular transmitter and a particular receiver. In addition, since the transmitter does not know which neighbor can
receive its transmissions at what time slot, it has to repeat transmitting the same packet during every allocated time
slot within a frame in order to guarantee that the intended destination correctly receives the packet.
b) The number of time slots between successive transmissions of different packets by a given node produced by
these methods is proportional to the square of the maximum network degree; therefore, the bandwidth efficiency of
these methods drops exponentially as the maximum network degree increases.
c) They require a priori knowledge of the network size and the maximum network degree; therefore, these methods
cannot be used in scenarios where the network size and the maximum network degree vary in an unpredictable
manner.

�[0010] In U.S. Patent No. 5 450 329, a position-based time slot allocation method is proposed. Space is divided into
a number of grid segments, and each grid segment is further divided into a number of cells. Each cell is assigned its
own unique time slot according to a predefined position-to-time slot mapping function that maps each cell of a grid
segment to a unique time slot. The length of the resulting time frame is equal to the number of cells making up each
grid. Each node is continuously aware of its geographic position, which is then mapped to a unique time slot assignment
according to the predefined position-to-time slot mapping function, and that is how each node determines the time slot
that is assigned to it.
�[0011] The disadvantages/ �shortcomings of the approach described in U.S. Patent No. 5 450 329 are that: �

a) It does not provide a sufficiently robust solution for the problem of time slot assignment conflicts. In U.S. Patent
No. 5 450 329 (col. 9, lines 59 to 68), it is suggested that time slot assignment conflicts (which are treated as rare
and undesirable occurrences) can be predicted by motion tracking logic and resolved, a priori, by slightly shifting
each conflicting vehicle’s time slot assignment, so that the conflict is prevented from occurring. However, this may
not work all the time, since the shifted time slot assignment may inadvertently cause a new conflict if another
transceiver located nearby is already using the newly assigned time slot, or if multiple vehicles’ time slot assignments
have to be shifted simultaneously, in order to resolve multiple simultaneous collisions happening at neighboring cells.
b) In U.S. Patent No. 5 450 329, it is evident that the TDMA frame length (and the resulting transmission cycle) is
driven by the requirement of time slot assignment uniqueness (see, e.g., col. 3, line 67; col. 4, lines 32-33; col. 4,
line 51; col. 5, lines 7-8; col. 6, line 6). This can be extremely inefficient and impractical for sparse networks, or
networks that have a significant density variance. This is because the sparser areas, or even the entire network
area if it happens to be a moderately sparse network, will be unnecessarily penalized with very large transmission
cycles (i.e., frame lengths) because a large number of time slots will be assigned to vacant space and, consequently,
remain unused.

�[0012] A need therefore exists for a distributed, dynamic time slot allocation/ �assignment method that overcomes the
limitations of the prior art time slot allocation methods in mobile, multi-hop, broadcast packet radio networks.

SUMMARY OF THE INVENTION

�[0013] In accordance with the present invention, a method is provided for allocating a set of time slots belonging to a
common time division multiple access (TDMA) channel to a network of transceiver nodes. The method includes the
steps of dividing the set of time slots into a plurality of time slot sub-sets; defining for each transceiver node a common
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function that assigns one time slot sub-set of the plurality of time slot sub-sets to each point in space, where each point
in space is identified by a unique set of space coordinates; performing the following steps for each one of the transceiver
nodes: periodically identifying a set of space coordinates; and allocating to each transceiver node time slots belonging
to the time slot sub-set assigned by the common function to the point in space identified by the periodically identified
set of space coordinates; and resolving time slot allocation conflicts occurring when at least two transceiver nodes are
allocated time slots belonging to an identical time slot sub-set and the distance between the at least two transceiver
nodes is less than a predetermined distance threshold. The resolving step is characterized in that it includes the step
of allocating to each one of the at least two transceiver nodes time slots belonging to a different time slot sub-set of the
identical time slot sub-set. The periodically identified set of space coordinates corresponds to the current set of space
coordinates for each one of the transceiver nodes.
�[0014] Accordingly, several objects and advantages of the present invention are: �

a) The time slot allocation produced by the present invention is independent of the instantaneous connectivity
between the nodes of the network; therefore, the present method does not suffer from the deficiencies associated
with prior art topology-dependent time slot allocation methods.
b) It guarantees a unique transmitter within a two-hop neighborhood, therefore making it possible for a particular
sender and a particular receiver to engage in an interactive dialogue; therefore, the present invention can be readily
used to facilitate the collision-free transmission of control packets that are responsible for the allocation of channel
resources within a two-hop neighborhood. Furthermore, since there is only one transmitter in any given two-hop
neighborhood, a node does not need to transmit a packet more than once in order to guarantee that every neighbor
received it (the packet) correctly.
c) The time slot assignment engine of the present invention does not require time slot assignments to be unique,
because the final time slot assignments are not made exclusively based on position; instead, a combination of
position and other information, such as the number of collocated nodes and their numerical IDs, is used to make
the final time slot assignments. Position is used first to assign the set of time slots from which a node is eligible to
transmit; subsequently, the number of collocated nodes and their numerical IDs are used to divide the position-as-
signed time slot set into smaller disjoint subsets, and assign one subset to each collocated node. This makes it
significantly different from the approach described in U.S. Patent No. 5 450 329, because it results in much smaller
transmission cycles.
d) The number of time slots elapsing between successive transmissions of different packets by a given node produced
by the present invention is linear with respect to the maximum network degree, instead of quadratic; therefore, the
present invention exponentially outperforms the prior art topology-transparent time slot allocation methods. This
means that for the same channel bandwidth, the present invention can accommodate networks with quadratically
higher densities. Conversely, for the same network density, the present invention can provide quadratically higher
bandwidth utilization.
e) It does not require a priori knowledge of the network size, or the maximum network degree or density, therefore
making it automatically adaptable to variable network sizes and densities.

BRIEF DESCRIPTION OF DRAWINGS

�[0015]

FIG. 1 is a diagram of a network of nodes according to the prior art;
FIG. 2-A is an illustration of the first 80 time slots of a superset of time slots belonging to a conventional TDMA
channel according to the prior art;
FIG. 2-B graphically illustrates the division of the time slot superset shown in FIG. 2-A into 9 time slot sets, or
equivalently, the definition of a TDMA frame consisting of 9 time slots according to the prior art;
FIG. 3 graphically illustrates a two-dimensional function that assigns one integer to each point in two-dimensional
(x, y) space according to the prior art;
FIG. 4-A schematically illustrates the dynamic time slot allocation process that occurs in each node of the network
based on each node’s geographic position according to the prior art;
FIG 4-B graphically illustrates the time slot access division process that occurs when multiple nodes are allocated
the same time slot (set) according to the principles of the present invention; and
FIG. 5 is a diagram of a reservation time division multiple access structure utilizing the principles of the present
invention.
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DETAILED DESCRIPTION OF THE INVENTION

�[0016] FIG. 2-A shows the first 80 time slots of a time slot superset 20 belonging to a common Time Division Multiple
Access (TDMA) channel. A time slot 25 is uniquely identified by its sequence number S 26. Alternatively, a time slot can
be uniquely identified by the pair (M, F), where M 22 is the time slot’s circular sequence number (or column number),
and F 24 is the time slot’s frame sequence number (or row number). In FIG. 2-A, a time frame is defined as a group of
9 consecutive time slots (i.e., the frame length 21 is equal to 9). Each row of time slots represents a different frame.
Each column (of time slots) represents a different time slot. In general, for two-dimensional networks, the time frame
length is the square of an integer that is greater than 1.
�[0017] The sequence number S 26 and the circular sequence number M 22 of a particular time slot are related by the
following equation:�

M 22 is a time slot sequence number that resets to 1 every 9 consecutive time slots. The maximum value of M is the
time frame length 21. F 24 is incremented every time M is reset to 1, which signifies the beginning of a new time frame.
The sequence number S 26 and the frame sequence number F 24 of a particular time slot are related by the following
equation: 

Since M 22 resets every 9 consecutive time slots, no two time slots within a time frame can have the same value of M.

Dividing time slot superset into multiple time slot sets

�[0018] Referring to FIG. 2-B, we then divide the time slot superset 20 into the following 9 time slot sets: �

L �[1] = { S | M = 1} = {0, 9, 18, 27, 36, 45, 54, 63, 72, ...., 9n + 0, ... } where n = 0, 1, 2, 3, ..., ∞
L �[2] = { S | M = 2} = {1, 10, 19, 28, 37, 46, 55, 64, 73, ...., 9n + 1, ... } where n = 0, 1, 2, 3, ..., ∞
L �[3] = { S | M = 3} = {2, 11, 20, 29, 38, 47, 56, 65, 74, ...., 9n + 2, ... } where n = 0, 1, 2, 3, ..., ∞
L �[4] = { S | M = 4} = {3, 12, 21, 30, 39, 48, 57, 66, 75, ...., 9n + 3, ... } where n = 0, 1, 2, 3, ..., ∞
L �[5] = { S | M = 5} = {4, 13, 22, 31, 40, 49, 58, 67, 76, ...., 9n + 4 , ... } where n = 0, 1, 2, 3, ..., ∞
L �[6] = { S | M = 6} = {5, 14, 23, 32, 41, 50, 59, 68, 77, ...., 9n + 5, ... } where n = 0, 1, 2, 3, ..., ∞
L �[7] = { S | M = 7} = {6, 15, 24, 33, 42, 51, 60, 69, 78, ...., 9n + 6, ... } where n = 0, 1, 2, 3, ..., ∞
L �[8] = { S | M = 8} = {7, 16, 25, 34, 43, 52, 61, 70, 79, ...., 9n + 7, ... } where n = 0, 1, 2, 3, ..., ∞
L �[9] = {S | M = 9} = {8, 17, 26, 35, 44, 53, 62, 71, 80, ...., 9n + 8, ... } where n = 0, 1, 2, 3, ..., �∞

The time slots of a particular time slot set have the same value of M 22. In essence, time slot set L�[k] consists of the kth

time slot of each (infinitely many) time frame.

Defining a common function that assigns one time slot set to each point in space

�[0019] Referring to FIG 3, and in a manner similar to the approach described in U.S. Patent No. 5 450 329 (col. 2,
lines 50-55), we define for each node a two-dimensional function S �(x, y) 30 that assigns an integer to each point (x, y)
in two-dimensional space. The integer assigned to each point (x, y) represents one of the time slot sets L listed in the
discussion of FIG. 2-B above.
�[0020] Therefore, for any given point (xi, yi), function S�(x, y) 30 assigns time slot set L�[S �(xi, yi)] to space point (xi, yi).
In essence, function S�(x, y) assigns the kth time slot of each (infinitely many) time frame to points whose coordinates
(xi, yi) satisfy the equation { S�(xi, yi) = k }. The function S �(x, y) 30 is defined by the following equation: 
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 The functions H�(x) and V�(y) are defined by the following equations: 

SFL and SSL 36 are defined in what follows. Due to the inherent periodicity of the modulo operation, H �(x) and V�(y) are
periodic with respect to x and y respectively, and the following equations are true: 

Consequently, S�(x, y) 30 is periodic in x and y, and the following set of equations is true: 

It follows that: 

�[0021] Equations 8 and 9 say that points that are assigned the same integer by function S�(x, y) 30 are assigned the
same time slot sets. Points that are assigned the same integer by S�(x, y) 30 are referred to as ’simultaneous’. Since
simultaneous points are assigned the same time slot set, nodes located at simultaneous points are eligible to schedule
transmissions during the same time slots. Therefore, the periodicity of function S�(x, y) 30 automatically facilitates spatial
re-use of time slots. The parameter SFL is defined as the distance between simultaneous points.
�[0022] Since there are only 9 time slot sets to be assigned to an infinite number of points in two-dimensional space,
S �(x, y) 30 cannot assign a different time slot set to each distinct point in space. Instead, S�(x, y) 30 assigns a different
time slot set to each space slot 34; a space slot 34 is defined as a set of contiguous space points forming a square such
that for any two points (x1, y1) and (x2, y2) belonging to the set, both of the following equations are true: 

The parameter SSL 36 represents the space slot 34 length. Due to the ceiling operation, points that belong to the same
space slot 34 are assigned the same time slot set by function S�(x, y) 30. Furthermore, due to the periodicity of S �(x, y)
30, space slots 34 whose centers are separated by a distance equal to SFL are assigned the same time slot set. Space
slots that are assigned the same time slot set are referred to as ’simultaneous’.
�[0023] A space frame 32 is defined as a block of contiguous space slots 34 such that a) no two space slots 34 in the
block are simultaneous, and b) the union of the time slot sets assigned to each space slot 34 in the space frame 32 is
equal to the time slot superset 20 being allocated. Given the definition of the space frame 32, we can say that S�(x, y)
30 consists of the superposition of infinite space frames 32 in both the x and y directions.
�[0024] We define SSD as the minimum distance between two simultaneous space slots 34. The following equations
hold: 
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By combining the above equations we obtain: 

�[0025] In order to prevent transmissions from nodes located in simultaneous space slots 34 from colliding at common
neighbors, the minimum distance (SSD) between simultaneous space slots 34 has to be equal to two times the trans-
mission range (R). This ensures that transmitting nodes located in simultaneous space slots will never have any one-hop
neighbors in common since their one-hop neighborhoods do not overlap. Therefore, SSD is set to 2R, guaranteeing that
transmitters located at simultaneous points will not have any common one-hop neighbors. Therefore, equations 14 and
15 can be rewritten as: 

Consequently, equations 4, and 5 can be written as: 

Node dynamic time slot allocation process

�[0026] Referring to FIG. 4-A, and in a manner similar to the approach described in U.S. Patent No. 5 450 329 (col. 4,
lines 24-26), each node in the network is equipped with a space coordinates module that periodically provides it (the
node) access to its current space coordinates x�[nT] and y �[nT]. The parameter T represents the period with which the
space coordinates module outputs the node’s current space coordinates, and n is a running counter. Then, according
to the present method, and in a manner similar to the approach described in U.S. Patent No. 5 450 329 (col. 4, lines
30-35), each node in the network executes the following steps:�

a) numerically evaluates function S�(x, y) 30 by substituting x �[nT] for x, and y�[nT] for y;
b) allocates itself the time slots belonging to time slot set L�[S �(x�[nT], y�[nT])], which is the time slot set assigned to its
current space coordinates x�[nT] and y�[nT] by function S �(x, y) 30.

Step (b) above can be also written as follows: allocates itself time slot S�(x�[nT], y�[nT]), which is the time slot assigned to
its current space coordinates x�[nT] and y�[nT] by function S�(x, y) 30.
A node is eligible to schedule transmissions during the time slots that are allocated to it.

Time slot allocation conflict resolution

�[0027] Referring to FIG. 3, a time slot allocation conflict occurs when multiple nodes are collocated within the same
space slot 34 because: �

a) All collocated nodes are eligible to schedule transmissions during the time slots of the same time slot set, or
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equivalently, from a TDMA frame perspective, all collocated nodes are assigned the same time slot, and
b) Since the space slot 34 length (SSL) is equal to the transmission range R, the distance between any two collocated
nodes is less than 2R; consequently, the one-hop neighborhoods of any given two collocated nodes will overlap,
resulting in the existence of common neighbors; therefore, simultaneous transmissions from collocated nodes will
collide at these common neighbors, resulting in lost transmissions.

�[0028] A need therefore arises for the inventive method described herein to resolve such time slot allocation conflicts.
Let C represent the number of nodes that are collocated within a particular space slot at a given time tc, and let L �[3] be
the time slot set that is assigned to that particular space slot by function S �(x, y) 30. Then, all collocated nodes allocate
themselves time slot set L �[3] (or equivalently, from a TDMA frame perspective, all collocated nodes assign themselves
time slot 3, the time slot uniquely characterized by M = 3), which is described by the following equation: 

According to the present invention, time slot allocation conflicts are resolved as follows:�

A) Each collocated node n continuously maintains:�

A1) an ascending-order sorted list of the node identifiers of all collocated nodes, including its own; and
A2) the integer variable CRI �[n] (Conflict Resolution Index �[n]), which represents the relative order of its own
identifier within the collocated node identifier sorted list; CRI ranges from 1 to C.

B) Defines and assigns itself the time slot subset described by the following equation: 

So, for example, let’s say that nodes 2, 17, and 5, are collocated within the same space slot and are assigned time slot
set L�[3] (or equivalently, from a TDMA frame perspective, time slot 3). Then,� each collocated node produces and maintains
the following sorted node identifier list: LIST = {2, 5, 17}.�
In addition, the CRIs of nodes 2, 5, and 17 are given by: 

�[0029] Consequently, referring to FIG. 4-B, and according to the method of the present invention, node 2 defines and
assigns itself time slot subset Q�[2], node 5 defines and assigns itself time slot subset Q�[5], and node 17 defines and
assigns itself time slot subset Q�[17], where Q�[2], Q�[5], and Q �[17] are described by equations 25, 26, and 27, respectively: 

�[0030] Referring to FIG. 4-B, the union 46 of time slot subsets Q �[2], Q �[5], and Q �[17] is equal to time slot set L �[3] 23.
Therefore, it can be seen that the time slot assignment conflict is successfully resolved by dividing (sharing) access 46
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of the commonly assigned time slot (i.e., time slot 3) on a round-robin manner amongst the collocated nodes.
�[0031] Therefore, it can be seen from the above conflict resolution technique, that the time slot assignment engine of
the present invention does not require time slot assignments to be unique, because the final time slot assignments are
not made exclusively based on position; instead, a combination of position and other information, such as the number
of collocated nodes and their numerical IDs, is used to make the final time slot assignments. Position is used first to
assign the set of time slots from which a node is eligible to transmit; subsequently, the number of collocated nodes and
their numerical IDs are used to divide the position-assigned time slot set into an equal number of smaller disjoint subsets,
and assign one subset to each collocated node.

Derivation of maximum time between successive transmissions by a given node

�[0032] Define X as the number of time slots elapsed between successive transmissions by a given node. Since the
difference of the sequence numbers of two consecutive time slots belonging to the same time slot set is equal to 9, the
minimum value of X is equal to 9; this minimum value is achieved when the given node is the only node located in its
space slot. When there are C nodes collocated within a space slot, the difference of the sequence numbers of two
consecutive time slots belonging to the same time slot subset is equal to 9C; therefore, X is given by the following equation:�

The area of a space slot SSA is given by: 

The area of a node’s one-hop neighborhood (see FIG. 1) is given by: 

�[0033] Since the area of a space slot is less than one third of the area of a node’s one-hop neighborhood, the number
of nodes that can be collocated within the same space slot at any given time can never be greater than the maximum
number of one-hop neighbors that a node can ever have, which is by definition equal to the maximum network degree
Dmax. Therefore, the maximum value of X can be written as: 

�[0034] Therefore, according to the time slot allocation produced by the present invention, the maximum number of
time slots that will elapse between two successive transmissions by a given node is linearly proportional to the maximum
network degree; this is exponential improvement over prior art topology-transparent time slot allocation methods, ac-
cording to which the maximum number of time slots between two successive transmissions of different packets by a
given node is proportional to the square of the maximum network degree.

Using allocated set of time slots for managing communication channel resources

�[0035] Referring to FIG. 5, time is divided into multiple super-frames. Each super-frame consists of a control frame
50 and a data frame 52. The control frame 50 is used for the transmission of control packets that coordinate the conflict-free
allocation of data communication slots within a two-hop neighborhood, and the data frame 52 is used for the transmission
of data packets.
�[0036] The data frame 52 is a two-dimensional array of discrete bandwidth blocks 58, each bandwidth block 58 being
uniquely specified by its time slot ID s and the channel f it belongs to. In the rest of this specification, the notation (s, f)
is used to represent a bandwidth block; s represents a particular time slot, and f represents a particular channel (out of
the three channels shown).
�[0037] The function of the control frame 50 is to coordinate the conflict free allocation of each (s, f) pair, subject to the
following constraints:�
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a) A node cannot transmit and receive during the same time slot.
b) A node cannot transmit on a (s, f) pair that is used by any one of its neighbors to receive.
c) A node cannot receive on a (s, f) pair that is used by any one of its neighbors to transmit.

�[0038] If nodes have the ability to vary the power used for their transmissions, constraints b and c can be rewritten as
follows:�

b) The transmission power used by a node for transmitting on a (s, f) pair has to be such that the transmitting node
will not interfere with any of its neighbors that are receiving on (s, f).
c) A node cannot receive on a (s, f) pair on which a neighbor is transmitting at a power level that will interfere with
the node’s ability to receive.

�[0039] Each control frame 50 is divided into multiple control slots 54 that are used to facilitate a dialogue between a
sender, who sends queries, and a set of intended receivers, who send responses; thus, each control slot 54 is further
divided into multiple control sub-slots. The first control sub-slot 56 in each control slot 54 is designated as the query
control sub-slot. Query control sub-slots are used by senders to send query control packets to a list of intended receivers
within its one-hop neighborhood. The even-numbered control sub-slots are used by the intended receivers to send
response control packets, responding to the queries sent by the sender; the odd-numbered control sub-slots are used
by the sender to send confirmation control packets, confirming receipt of the data in the response control packets.

Allocating the superset of control time slots

�[0040] The superset of control time slots consisting of all control time slots is allocated as follows:�

a) The control time slot superset is divided into 16 control time slot sets (Lc �[1], Lc�[2], Lc �[3], ...., Lc�[16]). The circular
sequence number Mc associated with the control time slots of control time slot set Lc�[k] is equal to k, where k ranges
from 1 to 16.
b) The function Sc �(x, y) used for the allocation of the control time slot superset is given by the following equation: 

The functions Hc �(x) and Vc�(y) are given by: 

�[0041] The nodes to which a particular control time slot is allocated play the role of the sender and control the dialogue
between them and the intended receivers. Two nodes that are allocated the same control time slot are referred to as
simultaneous senders. Two destination nodes that have to respond to a query control packet sent by the sender during
the same response control sub-slot are referred to as simultaneous receivers. In order to prevent the response control
packets of simultaneous receivers from colliding at common neighbors, the minimum distance between simultaneous
receivers must be equal to 2R (where R is the maximum transmission range), so that their respective one-hop neigh-
borhoods do not overlap. In order to guarantee that simultaneous receivers are separated by a minimum distance equal
to 2R, the minimum distance between simultaneous senders must be equal to 4R. Therefore, the minimum distance
between simultaneous space slots (SSDc) is set to 4R.�
Consequently, SSLc and SFLc are given by: 
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By combining equations 36 and 37, we obtain the following: 

Therefore, by substituting for SSLc in equation 37, SFLc is given by: 

Therefore, equations 34 and 35 can be rewritten as follows: 

�[0042] Therefore, a given node in the network with current space coordinates (xi, yi), allocates itself the control time
slots 56 belonging to control time slot set Lc �[S�(xi, yi)]. Time slot allocation conflicts occurring when multiple nodes are
located within the same space slot are resolved by the process described in the ’Time slot allocation conflict resolution’
sub-section of this specification.

Node state variable definitions

�[0043] We define, for each node, the following variables: �

X�(s, f, i) ≡ maximum power level that node (i) can use for a transmission on (s, f) without interfering with the reception
assignments of any of its neighbors. When X�(s, f, i) is equal to zero, allocation (s, f) is unavailable for future trans-
mission assignments; this could happen if node (i) has already been assigned to transmit on (s, f), or a neighbor
very close to node (i) has been assigned to receive on (s, f). X�(s, f, i) ranges from 0 to Maximum_Power_Level and
Initial Value [X �(s, f, i)] = Maximum Power Level.
X�(s, f, i, j) ≡ Node j’s perception of X �(s, f, i).
R�(s, f, i) is a Boolean flag indicating the ability of node (i) to receive on (s, f). R �(s, f, i) is set to 1 if node (i) is able
to receive on (s, f), and set to 0 otherwise. Initial Value [R�(s, f, i)] = 1
N�(i, j) ≡ minimum power level at which nodes i and j are within transmission range of each other.
N�(i, j) = N�(j, i)
Transmission Assignment Set (i) = TAS�(i) = {[ �(s, f), X �(s, f, i)] | X �(s, f, i) > 0 for each (s, f)}.
TAS �(i) is the set of [(s, f), Power] pairs that are advertised by node i as available for transmission assignments.
Receive Assignment Set (i) = RAS�(i) = {(s, f) | R �(s, f, i) > 0 for each (s, f) }.
RAS�(i) is the set of (s, f) pairs that are available to node i for reception assignments.

Communication assignment event

�[0044] A communication assignment event is uniquely defined by the following values:�

s = time slot during which the transmission will occur
f = channel that will be used for the transmission. A channel can be a frequency channel of an FDMA system, or a
code channel of a CDMA system.
Transmitter ≡ Node ID of node assigned to transmit on (s, f).
Receiver ≡ Node ID of node assigned to receive on (s, f).
Power ≡ Power level that will be used by the transmitter for its transmission on (s, f). This is assigned by the receiver,
based on the stored value of N�(receiver, transmitter) and the perceived link quality between the transmitter and the
receiver.

�[0045] We define the procedure ASSIGNMENT, which is the response of a node triggered by the reception of a
communication assignment event for pair (s, f), such that the following constraints are satisfied:�
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Constraint a: A node cannot transmit and receive during the same time slot.
Constraint b: The power used by a node for transmitting on a (s, f) pair has to be such that the transmitting node
will not interfere with any of its neighbors that are receiving on (s, f).
Constraint c: A node cannot receive on a (s, f) pair on which a neighbor is transmitting at a power level that will
interfere with the node’s ability to receive.

�[0046] Procedure ASSIGNMENT takes as inputs the following parameters, in the following order:�

1) s = time slot during which the transmission will occur.
2) f = channel that will be used for the transmission. A channel can be a frequency or a code.
3) current node ≡ Node ID of node processing the communication assignment event.
4) advertising node ≡ Node ID of node announcing the communication assignment event.
5) transmitter = Node ID of node assigned to transmit on (s, f).
6) receiver = Node ID of node assigned to receive on (s, f).
7) power = Power level that will be used by the transmitter for its transmission on (s, f).

�[0047] Therefore, the first input represents the time slot during which the transmission is scheduled for, the second
input represents the channel on which the transmission will take place, the third input represents the node ID of the node
processing the communication assignment event, the fourth input represents the node ID of the node advertising the
communication assignment event, the fifth input represents the node ID of the node that will transmit on (s, f), the sixth
input represents the node ID of the node that will receive on (s, f), and the seventh input represents the power level that
will be used by the transmitter for its transmission on (s, f).
�[0048] Procedure ASSIGNMENT is given by the following pseudo-code:

Procedure Assignment (s, f, current node, advertising node, transmitter, receiver, power level)

�[0049]

Communicating slot and channel pair data between a source and a set of receivers

�[0050] Referring to FIG. 5, we give the sequence of events that occur during a particular control slot. �
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Control sub-slot �[1]: The transmitter sends a query control packet containing a list of intended receivers and a selected
sub-set of its Transmission Assignment Set.�
FOR i: �=1 TO 2
Control sub-slot �[2i]: Upon reception of the query control packet, receiver�(i) executes the following steps: a) Searches
its Receive Assignment Set for an (sa, fa) pair that satisfies: {[R�(sa, fa, c) = 1] AND [X�(sa, fa, i, j) ≥ N�(x, c)]}; b) Executes
procedure ASSIGNMENT�[sa, fa, receiver�(i),� receiver�(i), transmitter, receiver�(i), X �(sa, fa, i, j)]; and, c) Sends a response
control packet advertising (sa, fa). Upon reception of the response packet, each neighbor�(j) of receiver�(i) executes
procedure ASSIGNMENT�[sa, fa, neighbor�(j), receiver �(i), transmitter, receiver�(i), X �(sa, fa, i, j)]�
Control sub-slot �[2i+1]: Upon reception of the response packet, the transmitter sends a confirmation packet advertising
(sa, fa). Upon reception of the confirmation packet; each neighbor �(k) of the transmitter executes procedure ASSIGNMENT
[sa, fa, neighbor�(k), transmitter, transmitter, receiver�(i), X�(sa, fa, i, j)].

Operation of method

�[0051] One skilled in the art can appreciate that the method operates by using a set of programmable instructions
executed by one or more processors in the network of transceiver nodes to perform the functions of the method as
described in the specification.
�[0052] What has been described herein is merely illustrative of the application of the principles of the present invention.
For example, the functions described above and implemented as the best mode for operating the present invention are
for illustration purposes only. Other arrangements and methods may be implemented by those skilled in the art without
departing from the scope of this invention.

Claims

1. A method for allocating a set of time slots (20) belonging to a common time division multiple access (TDMA) channel
to a network of transceiver nodes, the method comprising the steps of:�

dividing said set of time slots (20) into a plurality of time slot sub-sets (28);
defining for each transceiver node a common function (30) that assigns one time slot sub-set of said plurality
of time slot sub-sets (28) to each point in space, wherein said each point in space is identified by a unique set
of space coordinates; and
performing the following steps for each one of said transceiver nodes:�

periodically identifying a set of space coordinates (40); and
allocating (44) to said each one of said transceiver nodes time slots belonging to the time slot sub-set
assigned by said common function to the point in space identified by the periodically identified set (40) of
space coordinates; and

resolving time slot allocation conflicts occurring when at least two transceiver nodes of said network of transceiver
nodes are allocated time slots belonging to an identical time slot sub-set (23) and the distance between said at
least two transceiver nodes is less than a predetermined distance threshold (36), wherein said resolving step
is characterized in that it comprises the step of allocating to each one of said at least two transceiver nodes
time slots belonging to a different time slot sub-set (46) of said identical time slot sub-set (23).

2. The method of claim 1, wherein the periodically identified set of space coordinates (40) corresponds to said each
one of said transceiver nodes current set of space coordinates.

3. The method of claim 1, further comprising the step of using said set of time slots (20) belonging to said common
TDMA channel for managing communication channel resources (52) between a plurality of nodes of said network
of transceiver nodes.

4. The method of claim 3, wherein each node of said plurality of nodes communicates on multiple channels on a time
multiplex basis (58).

5. The method of claim 4, further comprising the steps of: �

dividing each time slot of said set of time slots belonging to said common TDMA channel into a plurality of time
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sub-slots; and
designating one time sub-slot of said plurality of time sub-slots as a query time sub-slot (56);
wherein each source node of said plurality of nodes desiring to send data to a destination sub-set of said each
source node’s respective set of neighboring nodes transmits a query packet including the identifier of each node
of said destination sub-set of said respective set of neighboring nodes during the query time sub-slot of an
allocated time slot of said set of time slots belonging to said common TDMA channel.

6. The method of claim 5, further comprising the steps of: �

storing for each communicating node of said plurality of nodes: �

a transmit set of time slot and channel pairs which can be used by said each communicating node to transmit
data to said each communicating node’s said respective set of neighboring nodes; and
a receive set of time slot and channel pairs which can be used by said each communicating node to receive
data from each communicating node’s said respective set of neighboring nodes; and

communicating a portion of the stored time slot and channel pair data between said each source node and said
destination sub-set during the subsequent time sub-slots of said allocated time slot.

7. The method of claim 6, wherein said query packet further includes a selected sub-set of said transmit set of time
slot and channel pairs stored for said each source node.

8. The method of claim 7, wherein said step of communicating said portion of the stored time slot and channel pair
data is performed by sequentially repeating for each destination node of said destination sub-set of said each source
node’s said respective set of neighboring nodes the following steps:�

identifying by said each destination node an assignment set of time slot and channel pairs belonging to both
the selected sub-set of said transmit set of time slot and channel pairs included in said query control packet
and the receive set of time slot and channel pairs stored for said each destination node;
sending by said each destination node a response packet including said assignment set of time slot and channel
pairs on which said each destination node desires to receive data from said each source node;
receiving by said each source node said response packet including said assignment set of time slot and channel
pairs; and
sending by said each source node a confirmation packet including said assignment set of time slot and channel
pairs which said each source node uses to transmit data to said each destination node.

9. The method of claim 8, wherein: �

each neighboring node of said each destination node receiving said response packet identifies in the transmit
set of time slot and channel pairs stored for said each neighboring node of said each destination node the time
slot and channel pairs belonging to said assignment set of time slot and channel pairs; and
each neighboring node of said each source node receiving said confirmation packet identifies in the receive set
of time slot and channel pairs stored for said each neighboring node of said each source node the time slot and
channel pairs belonging to said assignment set of time slot and channel pairs.

10. A system for allocating a set of time slots (20) belonging to a common time division multiple access (TDMA) channel
to a network of transceiver nodes, said system comprising:�

means for dividing said set of time slots (20) into a plurality of time slot sub-sets (28);
means for defining for each transceiver node a common function (30) that assigns one time slot sub-set of said
plurality of time slot sub-sets (28) to each point in space, wherein said each point in space is identified by a
unique set of space coordinates;
means for performing the following steps for each one of said transceiver nodes: �

periodically identifying a set of space coordinates (40); and
allocating (44) to said each one of said transceiver nodes time slots belonging to the time slot sub-set
assigned by said common function to the point in space identified by the periodically identified set (40) of
space coordinates; and
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means for resolving time slot allocation conflicts occurring when at least two transceiver nodes are allocated
time slots belonging to an identical time slot sub-set (23) and the distance between said at least two transceiver
nodes is less than a predetermined distance threshold (36), wherein said resolving means is characterized in
that it comprises means for allocating to each one of said at least two transceiver nodes time slots belonging
to a different time slot sub-set (46) of said identical time slot sub-set (23).

11. The system of claim 10, wherein the periodically identified set of space coordinates (40) corresponds to said each
one of said transceiver nodes current set of space coordinates.

Revendications

1. Procédé d’allocation d’un ensemble de créneaux temporels (20) appartenant à un canal commun d’accès multiple
par répartition temporelle (AMRT) à un réseau de noeuds émetteurs/récepteurs, le procédé comprenant les étapes
consistant à :�

diviser ledit ensemble de créneaux temporels (20) en une pluralité de sous-ensembles de créneaux temporels
(28) ;
définir, pour chaque noeud émetteur/récepteur, une fonction commune (30) qui attribue un sous-ensemble de
créneaux temporels de ladite pluralité de sous-ensembles de créneaux temporels (28) à chaque point dans
l’espace, dans lequel chacun desdits points dans l’espace est identifié par un ensemble unique de coordonnées
spatiales ; et
effectuer les étapes suivantes pour chacun desdits noeuds émetteurs/récepteurs :�

identifier périodiquement un ensemble de coordonnées spatiales (40) ; et
allouer (44) à chacun desdits noeuds émetteurs/récepteurs des créneaux temporels appartenant au
sous-ensemble de créneaux temporels attribués par ladite fonction commune au point dans l’espace qui
est identifié par l’ensemble périodiquement identifié (40) de coordonnées spatiales ; et
résoudre les conflits d’allocation de créneaux temporels se produisant lorsqu’on alloue à au moins deux
noeuds émetteurs/récepteurs dudit réseau de noeuds émetteurs/récepteurs des créneaux temporels ap-
partenant à un même sous-ensemble de créneaux temporels (23) et lorsque la distance entre lesdits au
moins deux noeuds émetteurs/récepteurs est inférieure à un seuil de distance prédéterminé (36), dans
lequel ladite étape de résolution est caractérisée en ce qu’ elle comprend l’étape consistant à allouer à
chacun desdits au moins deux noeuds émetteurs/récepteurs des créneaux temporels appartenant à un
sous-ensemble différent de créneaux temporels (46) dudit même sous-ensemble de créneaux temporels
(23).

2. Procédé selon la revendication 1, dans lequel l’ensemble périodiquement identifié de coordonnées spatiales (40)
correspond à chacune dudit ensemble courant de coordonnées spatiales desdits noeuds émetteurs/récepteurs.

3. Procédé selon la revendication 1, comprenant l’étape consistant à utiliser ledit ensemble de créneaux temporels
(20) appartenant audit canal AMRT commun pour gérer les ressources de canaux de communication (52) entre
une pluralité de noeuds dudit réseau de noeuds émetteurs/récepteurs.

4. Procédé selon la revendication 3, dans lequel chaque noeud de ladite pluralité de noeuds communique sur des
canaux multiples par multiplexage temporel (58).

5. Procédé selon la revendication 4, comprenant en outre les étapes consistant à :�

diviser chaque créneau temporel dudit ensemble de créneaux temporels appartenant audit canal AMRT commun
en une pluralité de sous-créneaux temporels ; et
désigner un sous-créneau temporel de ladite pluralité de sous-créneaux temporels en tant que sous-créneau
temporel d’interrogation (56) ;
dans lequel chaque noeud source de ladite pluralité de noeuds souhaitant envoyer des données à un sous-en-
semble destinataire dudit ensemble respectif de noeuds voisins de chacun desdits noeuds sources émet un
paquet d’interrogation comportant l’identificateur de chaque noeud dudit sous-ensemble destinataire dudit en-
semble respectif de noeuds voisins pendant le sous-créneau temporel d’interrogation d’un créneau temporel
alloué dudit ensemble de créneaux temporels appartenant audit canal AMRT commun.
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6. Procédé selon la revendication 5, comprenant en outre les étapes consistant à :�

stocker pour chaque noeud de communication de ladite pluralité de noeuds :�

un ensemble d’émission de paires de créneaux temporels et de canaux qui peuvent être utilisées par
chacun desdits noeuds de communication pour émettre des données vers ledit ensemble respectif de
noeuds voisins de chacun desdits noeuds de communication ; et
un ensemble de réception de paires de créneaux temporels et de canaux qui peuvent être utilisées par
chacun desdits noeuds de communication pour recevoir des données dudit ensemble respectif de noeuds
voisins de chacun desdits noeuds de communication ; et
communiquer une partie des données de la paire de créneaux temporels et de canaux stockés entre chacun
desdits noeuds sources et ledit sous-ensemble destinataire pendant les sous-créneaux temporels succes-
sifs dudit créneau temporel alloué.

7. Procédé selon la revendication 6, dans lequel ledit paquet d’interrogation comporte en outre un sous-ensemble
sélectionné dudit ensemble d’émission de paires de créneaux temporels et de canaux stockées pour chacun desdits
noeuds sources.

8. Procédé selon la revendication 7, dans lequel ladite étape de communication de ladite partie des données de la
paire de créneaux temporels et de canaux stockés est exécutée en répétant séquentiellement pour chaque noeud
destinataire dudit sous-ensemble destinataire dudit ensemble respectif de noeuds voisins de chacun desdits noeuds
sources, les étapes suivantes : �

l’identification par chacun desdits noeuds destinataires d’un ensemble d’attribution de paires de créneaux tem-
porels et de canaux appartenant à la fois au sous-ensemble sélectionné dudit ensemble d’émission de paires
de créneaux temporels et de canaux contenues dans ledit paquet de commande d’interrogation et l’ensemble
de réception de paires de créneaux temporels et de canaux stockées pour chacun desdits noeuds destinataires ;
l’envoi par chacun desdits noeuds destinataires d’un paquet de réponse comportant ledit ensemble attribué de
paires de créneaux temporels et de canaux sur lesquels chacun desdits noeuds destinataires souhaite recevoir
des données de chacun desdits noeuds sources ;
la réception par chacun desdits noeuds sources dudit paquet de réponse comportant ledit ensemble d’attribution
de paires de créneaux temporels et de canaux ; et
l’envoi par chacun desdits noeuds sources d’un paquet de confirmation comportant ledit ensemble d’attribution
de paires de créneaux temporels et de canaux que chacun desdits noeuds sources utilise pour émettre des
données vers chacun desdits noeuds destinataires.

9. Procédé selon la revendication 8, dans lequel :�

chaque noeud voisin de chaque noeud destinataire recevant ledit paquet de réponse identifie, dans l’ensemble
d’émission de paires de créneaux temporels et de canaux stockées pour chacun desdits noeuds voisins de
chacun desdits noeuds destinataires, les paires de créneaux temporels et de canaux appartenant audit ensemble
attribué de paires de créneaux temporels et de canaux ; et
chaque noeud voisin de chacun desdits noeuds sources recevant ledit paquet de confirmation identifie, dans
l’ensemble de réception de paires de créneaux temporels et de canaux stockées pour chacun desdits noeuds
voisins de chacun desdits noeuds sources, les paires de créneaux temporels et de canaux appartenant audit
ensemble attribué de paires de créneaux temporels et de canaux.

10. Système pour allouer un ensemble de créneaux temporels (20) appartenant à un canal d’accès multiple par répartition
temporelle (AMRT) commun à un réseau de noeuds émetteurs/récepteurs, ledit système comprenant :�

un moyen pour diviser ledit ensemble de créneaux temporels (20) en une pluralité de sous-ensembles de
créneaux temporels (28) ;
un moyen pour définir, pour chaque noeud émetteur/récepteur, une fonction commune (30) qui attribue un
sous-ensemble de créneaux temporels de ladite pluralité de sous-ensembles de créneaux temporels (28) à
chaque point dans l’espace, dans lequel chacun desdits points dans l’espace est identifié par un ensemble
unique de coordonnées spatiales ;
un moyen pour exécuter les étapes suivantes pour chacun desdits noeuds émetteurs/récepteurs :�
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l’identification périodique d’un ensemble de coordonnées spatiales (40) ; et
l’allocation (44) à chacun desdits noeuds émetteurs/récepteurs de créneaux temporels appartenant au
sous-ensemble de créneaux temporels attribués par ladite fonction commune au point dans l’espace qui
est identifié par l’ensemble périodiquement identifié (40) de coordonnées spatiales ; et
un moyen pour résoudre des conflits d’allocation de créneaux temporels se produisant lorsqu’on attribue
à au moins deux noeuds émetteurs/récepteurs des créneaux temporels appartenant à un même sous-en-
semble de créneaux temporels (23) et lorsque la distance entre lesdits au moins deux noeuds émetteurs/ré-
cepteurs est inférieure à un seuil de distance prédéterminé (36), dans lequel ledit moyen de résolution est
caractérisé en ce qu’ il comprend un moyen pour allouer à chacun desdits au moins deux noeuds émet-
teurs/récepteurs des créneaux temporels appartenant à un sous-ensemble de créneaux temporels diffé-
rents (46) dudit même sous-ensemble de créneaux temporels (23).

11. Système selon la revendication 10, dans lequel l’ensemble périodiquement identifié de coordonnées spatiales (40)
correspond à chacun dudit ensemble courant de coordonnées spatiales desdits noeuds émetteurs/récepteurs.

Patentansprüche

1. Verfahren zum Zuordnen einer Gruppe von Zeitschlitzen (20), welche zu einem gemeinsamen Time Division Multiple
Access (TDMA) �-Kanal gehören, in einem Netzwerk von Sender-/ �Empfängerknoten; wobei das Verfahren folgende
Schritte umfasst:�

Unterteilen der Gruppe von Zeitschlitzen (20) in eine Vielzahl von Untergruppen von Zeitschlitzen (28); und
Definieren einer gemeinsamen Funktion (30) für jeden Sender-/�Empfängerknoten, welche eine Zeitschlitz-Un-
tergruppe der Vielzahl von Zeitschlitz-Untergruppen (28) jedem Punkt im Raum zuordnet, wobei jeder dieser
Punkte im Raum durch eine eindeutige Gruppe von Ortskoordinaten identifiziert ist; und
Durchführen der folgenden Schritte für jeden der Sender-/ �Empfängerknoten: �

Periodisches Identifizieren einer Gruppe von Ortskoordinaten (40); und
Zuordnen (44) von Zeitschlitzen, welche zu der Zeitschlitz-Untergruppe gehören, die durch die gemeinsame
Funktion dem Punkt im Raum zugeordnet sind, der durch die periodisch definierte Gruppe (40) von Orts-
koordinaten definiert ist, zu jedem der Sender-/ �Empfängerknoten; und

Auflösen von Konflikten in der Zuordnung von Zeitschlitzen, welche dann auftreten, wenn zumindest zwei Knoten
des Netzwerks von Sender-/�Empfängerknoten Zeitschlitze zugeordnet werden, die zu einer identischen Zeit-
schlitz-Untergruppe (23) gehören und wenn die Distanz zwischen diesen Sender-/ �Empfängerknoten weniger
ist, als ein zuvor bestimmter Distanz-Schwellwert (36), wobei dieser Auflöseschritt dadurch gekennzeichnet
ist, dass er den Schritt umfasst, in welchem jedem dieser Sender-/�Empfängerknoten Zeitschlitze zugeteilt
werden, welche zu unterschiedlichen Zeitschlitz-Untergruppen (46) der identischen Zeitschlitz-Untergruppe
(23) gehören.

2. Verfahren nach Anspruch 1, bei dem die periodisch identifizierte Gruppe von Ortskoordinaten (40) der aktuellen
Gruppe von Ortskoordinaten jedes Sender-/ �Empfängerknotens entspricht.

3. Verfahren nach Anspruch 1, das außerdem den Schritt aufweist, die zu dem gemeinsamen TDMA-Kanal gehörende
Zeitschlitz-Untergruppe (20) für die Verwaltung der Kommunikationskanalressourcen (52) für eine Vielzahl von
Knoten des Netzwerks von Sender-/ �Empfängerknoten zu verwenden.

4. Verfahren nach Anspruch 3, bei dem jeder Knoten dieser Vielzahl von Knoten über verschiedene Kanäle auf Basis
eines Zeitmultiplexverfahrens (58) kommuniziert.

5. Verfahren nach Anspruch 4, das folgende Schritte aufweist:�

Unterteilen jedes Zeitschlitzes der Gruppe von Zeitschlitzen, welche zu dem gemeinsamen TDMA-Kanal ge-
hören, in eine Vielzahl von Unter-Zeitschlitzen; und
Bestimmen eines Unter-Zeitschlitzes jener Vielzahl von Unter-Zeitschlitzen als Abfrage-Unter-Zeitschlitz (56);
wobei jeder Quellknoten dieser Vielzahl von Knoten, welcher Daten zu einer Ziel-Untergruppe einer jedem
Quellknoten zugehörigen Gruppe von Nachbarknoten senden möchte, ein Abfragepaket, welches die Kennung
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jedes Knotens der Ziel-Untergruppe der zugehörigen Gruppe von Nachbarknoten enthält, während des Abfra-
ge-Unterzeitschlitzes eines zugewiesenen Zeitschlitzes der Gruppe der Zeitschlitze überträgt, welche zu dem
gemeinsamen TDMA-Kanal gehören.

6. Verfahren nach Anspruch 5, das folgende Schritte aufweist:�

Speichern für jeden Kommunikationsknoten jener Vielzahl von Knoten:�

eine Übertragungsgruppe von Zeitschlitzen und Kanalpaaren, welche von jedem Kommunikationsknoten
verwendet werden kann, um Daten zu der jedem Kommunikationsknoten zugeordneten Gruppe von Nach-
barknoten zu senden; und
eine Empfangsgruppe von Zeitschlitzen und Kanalpaaren, welche von jedem Kommunikationsknoten ver-
wendet werden kann, um Daten von der einem jedem Kommunikationsknoten zugeordneten Gruppe von
Nachbarknoten zu empfangen; und
Übermitteln eines Teils der gespeicherten Zeitschlitz- und Kanalpaardaten zwischen jedem Quellknoten
und der Ziel-Untergruppe während aufeinanderfolgenden Unterzeitschlitzen jenes zugeteilten Zeitschlitzes.

7. Verfahren nach Anspruch 6, bei dem jedes Abfragepaket eine ausgewählte Untergruppe der für jeden Quellknoten
gespeicherten Übertragungsgruppe mit Zeitschlitzen und Kanalpaaren beinhaltet.

8. Verfahren nach Anspruch 7, wobei der Schritt der Übermittlung des Teils der gespeicherten Zeitschlitz- und Kanal-
paardaten durch sequentielles Wiederholen folgender Schritte für jeden Empfängerknoten der Ziel-Untergruppe der
dem Quellknoten zugehörigen Gruppe von Nachbarknoten durchgeführt wird:�

Identifizieren durch jeden Zielknoten einer Zuteilungs-Gruppe von Zeitschlitzen und Kanalpaaren, welche zu
der ausgewählten Untergruppe der in dem
Abfragepaket enthaltenen Gruppe von Zeitschlitzen und Kanalpaaren zur Übertragung gehören, und Identifi-
zieren einer Gruppe von für jeden Zielknoten gespeicherten Gruppe von Zeitschlitzen und Kanalpaaren zum
Empfang für jeden Zielknoten;
Senden eines Antwortpakets durch jeden Zielknoten, welches die Zuteilungs-Gruppe der Zeitschlitze und Ka-
nalpaare beinhaltet, auf denen jeder Zielknoten Daten von jedem Quellknoten empfangen möchte.
Empfangen des Antwortpakets durch jeden Quellknoten, welches die Zuteilungs-Gruppe von Zeitschlitzen und
Kanalpaaren beinhaltet; und
Senden eines Bestätigungspakets durch jeden Quellknoten, welches die Zuteilungs-Gruppe von Zeitschlitzen
und Kanalpaaren, welches jeder Quellknoten benutzt, um Daten zu jedem Empfangsknoten zu senden, be-
inhaltet.

9. Das Verfahren nach Anspruch 8, wobei
jeder Nachbarknoten des Empfangsknotens, welcher das Antwortpaket empfängt, aus der für jeden Nachbarknoten
eines jeden Zielknotens gespeicherten Gruppe von Zeitschlitzen und Kanalpaaren zur Übertragung jene Zeitschlitze
und Kanalpaare identifiziert, welche zu der Zuteilungs-Gruppe von Zeitschlitzen und Kanalpaaren gehören; und
jeder Nachbarknoten eines jeden Quellknotens, welche ein Bestätigungspaket empfängt, aus der für jeden Nach-
barknoten eines jeden Quellknotens gespeicherten Gruppe von Zeitschlitzen und Kanalpaaren zum Empfang jenen
Zeitschlitz und Kanalpaare identifiziert, welche zu der Zuteilungs-Gruppe von Zeitschlitzen und Kanalpaaren gehö-
ren.

10. Ein System zum Zuteilen einer Gruppe von Zeitschlitzen (20), welche zu einem gemeinsamen Time Division Multiple
Access (TDMA) �-Kanal gehören, zu einem Netzwerk von Sender-/ �Empfängerknoten, dieses System umfasst: �

Mittel zum Unterteilen der Gruppe von Zeitschlitzen (20) in eine Vielzahl von Untergruppen von Zeitschlitzen
(28) ;
Mittel zum Definieren einer gemeinsamen Funktion (30) für jeden Sender-/ �Empfängerknoten, welche eine Zeit-
schlitz-Untergruppe der Vielzahl von Zeitschlitz-Untergruppen (28) jedem Punkt im Raum zuordnet, wobei jeder
dieser Punkte im Raum durch eine eindeutige Gruppe von Ortskoordinaten identifiziert ist; und
Mittel zum Durchführen folgender Schritte für jeden der Sender- und Empfängerknoten: �

Periodisches Identifizieren einer Gruppe von Ortskoordinaten (40); und
Zuordnen (44) von Zeitschlitzen, welche zu der Zeitschlitz-Untergruppe gehören, die durch die gemeinsame
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Funktion dem Punkt im Raum zugeordnet sind, der durch die periodisch definierte Gruppe (40) von Orts-
koordinaten definiert ist, zu jedem der Sender-/ �Empfängerknoten; und

Mittel zum Auflösen von Konflikten in der Zuordnung von Zeitschlitzen, welche dann auftreten, wenn zumindest
zwei Knoten des Netzwerks von Sender-/�Empfängerknoten Zeitschlitze zugeordnet werden, die zu einer iden-
tischen Zeitschlitz-Untergruppe (23) gehören und wenn die Distanz zwischen diesen Sender-/�Empfängerknoten
weniger ist, als ein zuvor bestimmter Distanz-Schwellwert (36), wobei dieser Auflöseschritt dadurch gekenn-
zeichnet ist, dass er den Schritt umfasst, in welchem jedem dieser Sender-/�Empfängerknoten Zeitschlitze
zugeteilt werden, welche zu unterschiedlichen Zeitschlitz-Untergruppen (46) der identischen Zeitschlitz-Unter-
gruppe (23) gehören.

11. Das System nach Anspruch 10, bei dem die periodisch identifizierte Menge von Ortskoordinaten (40) der aktuellen
Menge von Ortskoordinaten jedes Sender-/ �Empfängerknotens entspricht.



EP 1 290 529 B1

20



EP 1 290 529 B1

21



EP 1 290 529 B1

22



EP 1 290 529 B1

23



EP 1 290 529 B1

24



EP 1 290 529 B1

25



EP 1 290 529 B1

26


	bibliography
	description
	claims
	drawings

