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Figure 1 - Overview of a System for Burst Transmission to 21 Diversity of Satellites 
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Figure 2 — Block Diagram of a Device for Burst Transmission to a Diversity of (SAR) Satellites 
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Figure 3a — Footprint of Satellite on Earth Surface (Isometric view) 
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Figure 3b — Footprint of Satellite on Earth Surface (Sectional view) 
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Figure 4 — illustration of overlapping footprints of 24 satellites on the earth surface 
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Figure 5 — Channel Allocation Flow Chart 
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Figure 6 - Allocation of channels and time slots to mega-cells and cells 
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CHANNEL ALLOCATION FOR BURST 
TRANSMISSION TO A DIVERSITY OF 

SATELLITES 

BACKGROUND OF INVENTION 

[0001] When tWo communication devices simultaneously 
transmit on the same channel, a communication con?ict 
might occur, potentially degrading the receiving probability 
of one or both of these transmissions. Such communication 
con?icts are obviously undesired, yet cannot be disregarded 
in the croWded communication netWorks Which are usually 
short in bandWidth. 
[0002] The penalty for such transmission collisions is a 
loWer quality of service, more poWer consumption and more 
undesired RF radiation. Therefore, multiple access commu 
nication netWorks employ methods to properly allocate com 
munication channels to devices, in order to avoid such con 
?icts. Still, due to the high ratio of devices per channel, and to 
the often unsynchroniZed transmissions, among different 
devices and users that share these channels, such con?icts are 
still an important issue to consider in communication sys 
tems. 

[0003] One communication sector particularly vulnerable 
to channel allocation con?icts is related to netWorks compris 
ing a multitude of one-Way transmitters that share a relatively 
small amount of channels. In such netWorks, transmitters 
cannot coordinate With each other the allocation of channels, 
so there is a chance that tWo such devices Will simultaneously 
transmit on the same channel and interfere With each other. 
One such particular netWork that employs millions of one 
Way communication devices sharing thirty three or less chan 
nels is Cospas-Sarsat. Though the scope of the present inven 
tion is far beyond that speci?c system, Cospas-Sarsat is a 
good example to clarify the need and solution and a particular 
embodiment disclosed by the present invention, so is speci? 
cally enlightened here. 
[0004] Cospas-Sarsat is a satellite communications system 
to assist Search and Rescue (SAR) of people in distress, all 
over the World and at anytime. The system Was launched in 
1982 by the USA, Canada, France and the Soviet Union (noW 
Russia) and since then, it has been used for thousands of SAR 
events and has been instrumental in the rescue of over 20,000 
lives WorldWide. The goal of the system is to detect and locate 
signals from distress radio beacons and forWard these data to 
ground stations, in order to support all organiZations in the 
World With responsibility for SAR operations, Whether at sea, 
in the air or on land. The system uses spacecraftiLoW Earth 
Orbit (LEO); Geostationary (GEO) satellites; and in the 
future also Medium Earth Orbit (MEO); as Well as ground 
facilities. Cospas-Sarsat radio beacons transmit in the 406 
MHZ band (and 121.5 MHZ until 2009). The position of the 
beacon is determined either by the Doppler shift of the 
received beacon signal or by position data provided by an 
embedded Global Navigation Satellite System (GNSS) 
decoder (receiver), integrated With the radio beacon. A 
detailed description of the Cospas-Sarsat System is provided 
in the document “Introduction to the Cospas-Sarsat System, 
C/S G.003”, Which can be accessed through the folloWing 
linkihttp://cospas-sarsat.org)/Documents/gDocs.htm. 
[0005] Several types of Cospas-Sarsat beacons are 
approved for use, differing mainly in their mechanical struc 
ture and activation method, customiZed for different applica 
tions: a) Emergency Position Indicating Radio Beacon 
(EPIRB) for marine use; b) Emergency Locator Transmitter 
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(ELT) for aviation use; and c) Personal Locator Beacon 
(PLB) for personal and/or terrestrial use. 

[0006] Cospas-Sarsat beacons are deployed in large quan 
tities, all over the World, sharing a feW transmission channels. 
Further, these distress beacons are activated upon local trig 
gering and their transmissions are not synchronized in time, 
neither in frequency, With each other (except of a very rough 
control through a preliminary factory set frequency alloca 
tion). A narroW bandWidth is allocated to all these beacons 
Which are usually off, typically for several years, and transmit 
only in rare occasions, for a short time, normally in periodic 
bursts for several days. HoWever, as tens and hundreds of 
thousands of such beacons are deployed, sharing one narroW 
band channel, simultaneous transmissions might statistically 
occur, interfering With each other and decreasing the prob 
ability of a distress message to be detected. Then, in order to 
ensure a certain quality of service, i.e. a minimal probability 
for a distress message to be detected Within a speci?c period 
of time, the number of transmitters per channel should be 
limited. Obviously, such a system could be more e?icient in 
exploitation of the allocated spectrum, serve more beacons 
and/or improve the quality of service if the transmission 
collision rate could be reduced. 

[0007] The total bandWidth allocated for Cospas-Sarsat is 
100 KHZ (406.0-406.1 MHZ), divided to 3 KHZ bandWidth 
channels. According to the present art, each beacon is factory 
set to one of these channels, Which cannot be recon?gured in 
the ?eld. Then, each channel (theoretically 33 channels, hoW 
ever practically much less mainly due to Doppler shift limi 
tations and system overhead) is shared by tens or hundreds of 
thousands of beacons. When activated (automatically or 
manually), a Cospas-Sarsat beacon transmits short bursts, 
each one approximately 0.5 seconds long, every 50 seconds, 
for several days, until its battery drains. In order to avoid 
repetitive collisions betWeen tWo active beacons, a beacon is 
required to set its transmission cycle to 50+/—2.5 seconds, and 
the period should be randomiZed around a mean value of 50 
seconds, so that time intervals betWeen transmissions are 
randomly distributed on the interval 47.5 to 52.5 seconds. 

[0008] A signi?cant augmentation of the Cospas-Sarsat 
satellite segment is planed to be implemented in the near 
future. Accordingly, compatible Cospas-Sarsat payloads Will 
be installed onboard positioning satellites belonging to the 
Galileo GNSS constellation and possibly also onboard GPS 
satellites. Galileo, the upcoming European GNSS, is planed 
to comprise 27 satellites, While the US GPS comprises 24 
operational satellites. Each of these systems provides at least 
four satellites simultaneously in Line of Sight (LOS) With any 
point on earth, as required for trilateral positioning (fourth 
satellite usually solves clock ambiguity), i.e. any point on 
earth Will be alWays in at least four different satellite foot 
prints (service areas) of the Galileo GNSS and another four 
GPS satellite footprints. Considering also the LEO and GEO 
satellites that currently cover the earth for this SAR system, it 
is expected that any beacon on earth Will be at any moment in 
ten or more footprints, Which move quickly relatively to the 
earth surface. Hence, many different intersections of foot 
prints Will be introduced on earth surface, enabling beacons 
on different intersections to communicate With different sat 
ellites. For the clarity of this discussion, it is assumed that 
beacons are featured With omnidirectional antennas, and sat 
ellites are installed With Wide beam antennas, yet this is 
de?nitely not mandatory. 
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[0009] The applicant has proposed a method to improve 
channel allocation for communication networks, such as 
Cospas-Sarsat, in “Increasing Channel Capacity of TDMA 
Transmitters in Satellite based Networks”, application Ser. 
No. 12/046,509, ?led on 12 Mar. 2008. This reference shares 
With the present invention the aspect of allocating time slots to 
Time Division Multiple Access (TDMA) transmitters based 
on their position, yet does not discuss allocation of frequen 
cies and does not address overlapping of satellite footprints, 
speci?cally dynamically moving, and a cellular partitioning 
based on that. 

[0010] Another aspect of communications vulnerable to 
channel allocation con?icts is the initial approach of a device 
to an access point asking for service. Often, a communica 
tions netWork properly allocates operational channels to 
devices, and Well synchronizes these devices in order to avoid 
collisions. HoWever, before the netWork allocates these 
operational channels, devices that initiate a service request do 
not use said operational channels, Which are controlled by the 
netWork (or by any administering unit related to that net 
Work), but share a pool of service requesting channels. At this 
preliminary phase, these devices might not be synchroniZed 
With each other, for different reasons, such as: random timing 
of access, no peer to peer connection; communication peaks; 
etc. Improving the channel allocation method for devices 
requesting service, could enable a faster reaction of the net 
Work to such requests, and/ or managing more devices 
requesting service, over the same channels/bandwidth. 
[0011] US. Pat.No. 6,115,371 to Berstis (IBM) discloses a 
satellite uplink separation using time multiplexed global 
positioning system cell location beacon system. This method, 
for allocating bandWidth to devices seeking to initiate contact 
With a communication service, suggests using time slots 
according to self location determined by GPS. 
[0012] US. Pat. No. 7,304,963 to Amouris discloses a 
method and system for dynamically allocating a set of broad 
cast TDMA channels to a netWork of transceiver nodes. This 
method is based on timeslot partitioning and geographic loca 
tion. 
[0013] US. Pat. No. 7,082,111 to Amouris discloses a 
method and system for dynamically allocating time slots of a 
common TDMA broadcast channel to a netWork of trans 
ceiver nodes. This invention allocates time slots to TDMA 
devices according to their geographical position. 
[0014] Yet, none of these three US. patents addresses inter 
sections of footprints, i.e. areas served by several satellites, 
and neither Berstis nor Amouris suggests discriminating 
betWeen devices placed in areas served by a different number 
of satellites, for channel allocation purposes. 
[0015] US. Pat. No. 5,268,694 to Jan et al. (MOTOROLA) 
discloses a method of reusing spectrum on an approximately 
spherical surface, based on tWo satellite footprints partially 
overlapping, each footprint divided to cells. According to J an, 
cells located in the intersection of footprints are de?ned non 
active, and channels are assigned only to active cells, spacing 
co-channel cells a predetermined distance apart.Yet, Jan does 
not address cells contained in other than one or tWo footprints, 
and neither suggests allocating active transmission channels 
to devices in overlapping footprints, speci?cally not accord 
ing to the number of overlapping footprints. 
[0016] WO/2001/095522 to Yung, Hagen and Chang, 
(HUGHES ELECTRONICS CORPORATION) discloses a 
RESOURCE ALLOCATION METHOD IN A SATELLITE 
DIVERSITY SYSTEM. This invention teaches allocating 
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system resources to user terminals communicating With a 
multiple of satellites, Wherein a ground hub compensates for 
differential propagation delays to any one of these remote 
users. Yet, this invention does not consider the various satel 
lite footprint intersections as a basis for resource allocation. 

[0017] European Patent EP0935351 to Bains, Navjit Singh 
(ICO Services) discloses a Radio resource management in a 
mobile satellite telephone system. This method teaches allo 
cating radio resources to a plurality of mobile user terminals 
in a satellite mobile telephone system, in Which a position of 
each of the user terminals Within the footprint of a given 
satellite is capable of being classi?ed, speci?cally denying 
resources from terminals placed at the edge of the satellite 
footprint, Which obtain a signi?cant path delay for a signal to 
be communicated to the given satellite. Still, this method does 
not address intersections of footprints for the purpose of 
resource allocation. 

[0018] The present art methods described above have not 
yet provided satisfactory solutions to the problem of allocat 
ing communication channels to devices con?gured to trans 
mit bursts of data to a diversity of satellites, speci?cally non 
geostationary satellites, sharing relatively feW channels, par 
ticularly When having a certain amount of data transmission 
redundancy. 
[0019] It is an object of the present invention to provide a 
system and method for allocating communication channels to 
devices con?gured to communicate With a diversity of satel 
lites, particularly non geostationary satellites, reducing trans 
mission collisions and exploiting the allocated bandWidth. 
[0020] It is also an object of the present invention to provide 
a system and method for allocating communication channels 
to devices con?gured to communicate With non geostationary 
satellites, particularly devices that have no means to commu 
nicate With each other or cannot coordinate channel alloca 
tion among them. 
[0021] It is another object of the present invention to pro 
vide a system and method for allocating momentary commu 
nication channels to devices con?gured to communicate With 
non geostationary satellites, in particular devices Which are 
distress radio beacons. 
[0022] It is yet another object of the present invention to 
provide a method for improving present or/ and future systems 
for Search and Rescue (SAR), such as Cospas-Sarsat and 
Galileo. 
[0023] It is as Well an object of the present invention to 
provide a system and method for allocating momentary com 
munication channels to devices con?gured to communicate 
With non geostationary satellites, based on the various inter 
sections of overlapping footprints of satellites on the earth 
surface. 
[0024] It is still an obj ect of the present invention to provide 
a system and method for allocating communication channels 
to devices con?gured to communicate With non geostationary 
satellites, based on time synchronization and positioning 
information provided by a GNSS such as GPS or Galileo or 
GLONASS. 

[0025] It is also an object of the present invention to provide 
a system and method for allocating communication channels 
to devices con?gured to communicate With non geostationary 
satellites, based on additional data such as statistics of geo 
graphical distribution of devices, redundancy of data, loca 
tion variation and acknoWledgement of transmissions. 
[0026] It is still another object of the present invention to 
provide a system and method for allocating communication 
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channels to devices con?gured to communicate With non 
geostationary satellites, minimizing cost and siZe and poWer 
consumption of said devices. 
[0027] It is nonetheless an object of the present invention to 
provide an apparatus and method for allocating communica 
tion channels to devices con?gured to communicate With non 
geostationary satellites, Wherein said channels are either time 
slots for Time Division Multiple Access (TDMA); or frequen 
cies for Frequency Division Multiple Access (FDMA); or 
digital codes for Code Division Multiple Access (CDMA); or 
a combination thereof. 
[0028] Other objects and advantages of the invention Will 
become apparent as the description proceeds. 

SUMMARY OF INVENTION 

[0029] The invention is directed to a method for allocating 
transmission channels to a plurality of devices con?gured to 
communicate With a diversity of satellites, comprising, at 
each device, the steps of: 
a) determining the current time and self location via a Global 
Navigation Satellite System (GNSS); 
b) determining the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 
c) de?ning as a mega-cell each intersection of footprints 
Which is not divided to further intersections; 
d) determining a transmission cycle divided to time slots, 
synchronized With said GNSS signals; 
e) allocating channels and time slots to each mega-cell, 
Wherein channels and time slots are reused in different mega 
cells, and at least for tWo mega-cells, feWer time slots are 
allocated to the mega-cell served by more satellites; 
f) dividing each mega-cell into cells, at least one cell in a 
mega-cell; 
g) allocating different channels and/ or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 
h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at least 
one of: random or pseudo-random selection; unique identi? 
cation data (ID) stored at each device; classi?cation data 
stored and/or acquired at each device; the nature of data to be 
transmitted; signal/control input; current geographical loca 
tion; coordination With other devices. 
[0030] De?ning a mega-cell as an intersection of footprints 
Which is not divided to further intersections means that all 
points in a mega-cell, i.e. all devices placed in a mega-cell, are 
in Line of Sight (LOS) With, and served by, exactly the same 
satellites. The disclosed invention is not limited to one 
antenna/beam/footprint per satellite, yet for clari?cation pur 
poses, one footprint per satellite is assumed. Then, as a skilled 
person may appreciate, any tWo adjacent mega-cells are 
served by at least one different satellite; otherWise these 
mega-cells Would have been merged to one, folloWing the 
mega-cell de?nition. Moreover, according to this cellular par 
titioning, any mega-cell is served by a speci?c set of satellites, 
and all its adjacent mega-cells are served by this set of satel 
lites plus or minus one satellite. In other Words, any tWo 
adjacent mega-cells are served by a different number of sat 
ellites, Where devices in the mega-cell served by more satel 
lites are in LOS With all the satellites serving the adjacent 
mega-cell, and With one speci?c satellite more. Hence, if 
devices in adjacent mega-cells simultaneously transmit on the 
same channel, there is a signi?cant chance that the transmis 
sion from the mega-cell served by feWer satellites Will be 

Nov. 5, 2009 

blocked, While the transmission from the mega-cell served by 
more satellites Will be successfully detected by one satellite. 

[0031] Actually, as a skilled person Would probably appre 
ciate, for any tWo mega-cells, devices placed in a mega-cell 
covered by more footprints basically obtain a better probabil 
ity to be detected than devices placed in a mega-cell served by 
feWer satellites. Ultimately, transmissions from mega-cells 
served by the largest number of satellites, compared to all 
other mega-cells, at a speci?c moment, obtain the best detec 
tion probability, at least according to this aspect. 
[0032] As already mentioned, adjacent mega-cells are 
served by one different satellite. Then, as mega-cells are more 
distant from each other, they are usually less correlated 
regarding to satellites, so devices placed in distant mega-cells 
less interfere With each other. Ultimately, mega-cells Which 
are more than the largest footprint diameter aWay from each 
other, do not share any same satellites; moreover, as a skilled 
person may realiZe, according to the disclosed cellular parti 
tioning, each of any tWo non adjacent mega-cells is probably 
served by at least one satellite Which does not serve the other 
mega-cell, so tWo devices placed in non adjacent mega-cells 
Will probably be detectable even if transmitting simulta 
neously on the same channel; in particular, mega-cells served 
by the largest number of satellites, at a speci?c moment, are 
obviously non adjacent mega-cells, and probably do not share 
exactly the same satellites. Hence, a transmitter placed in a 
mega-cell served by the largest number of satellites is prac 
tically not interfered by any transmitter placed in any other 
mega-cell. 
[0033] Then, in order to improve the transmission probabil 
ity of the underprivileged devices, placed in mega-cells cov 
ered by feWer satellites compared to adjacent mega-cells, the 
present invention suggests allocating feWer time slots to 
mega-cells served by more satellites, and particularly to 
mega-cells momentarily served by the largest number of sat 
ellites. This ensures that devices placed in mega-cells served 
by more satellites Will less interfere With devices placed in 
nearby mega-cells served by feWer satellites. Since devices 
placed in mega-cells served by more satellites have a better 
chance to be detected, then reducing the number of allocated 
time slots for these mega-cells provides a sort of equaliZation, 
sharing the netWork resources more evenly among devices. 
This strategy might have a trade off, since the detection prob 
ability for devices placed in the same mega-cell allocated 
With feWer time slots might decrease, yet the probability for 
this case is relatively smaller compared to other cases Which 
are improved by the present invention. 
[0034] The current method can be further re?ned, by divid 
ing each mega-cell into cells and allocating different channels 
and/or different time slots to different cells in a mega-cell, 
from those allocated to the corresponding mega-cell. A geo 
graphically uniformed cellular partitioning is clearly effec 
tive if devices are geographically distributed more or less 
uniformly in mega-cells. Then, there is a good chance that 
different devices Will be placed in different cells, so Will use 
different channels and/or different time slots and Will not 
interfere With each other. OtherWise, this secondary partition 
ing to cells may take into consideration further parameters, 
such as the statistics of the geographical density of devices 
(i.e. number of devices per area) and/or number of devices per 
cell. Then, cells that are statistically denser With devices, eg 
in urban areas, can be de?ned to be smaller, in order to keep 
a substantially similar number of channels and/or time slots 
per same number of devices. Similarly, cells Which statisti 
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cally contain more devices, e. g. near ports or tra?ic hubs, can 
be allocated With more channels and/or time slots, allocating 
a substantially similar number of channels and/or time slots 
per devices. 

[0035] Then, in the next step, a speci?c channel and a 
speci?c time slot are selected from those allocated to the 
corresponding cell, according to at least one of: random or 
pseudo-random selection; unique identi?cation data (ID) 
stored at each device; classi?cation data stored and/or 
acquired at each device; the nature of data to be transmitted; 
signal/ control input; current geographical location; coordina 
tion With other devices. The skilled person may note that in 
cases Where said devices cannot communicate With each 
other or are not aWare of each other and cannot coordinate the 
channel allocation among them, the present invention pro 
vides some “open loop” techniques to reduce the chance for a 
transmission collision, such as a random selection. Also, 
some of these techniques may provide a statistical advantage 
to speci?c devices, or speci?c types of devices, or speci?c 
types of messages, or speci?c types of inputs to devices, as 
might be required by different applications. Also, a third 
geographical partitioning may be performed, dividing cells to 
?ner sectors and allocating a speci?c channel and speci?c 
time slot to each such sector. Then, “close loop” techniques 
may provide even less channel con?icts and transmission 
collisions When nearby devices, typically placed in the same 
cell, are able to coordinate channel allocation among them. 

[0036] In the scope of the present invention, communica 
tion channels may be of several kinds, including: time slots 
for Time Division Multiple Access (TDMA); frequencies for 
Frequency Division Multiple Access (FDMA); codes for 
Code Division Multiple Access (CDMA); or a combination 
thereof. For example, according to one embodiment, devices 
use a ?xed frequency, and can only manipulate the time of 
transmission, i.e. allocate and select time slots. According to 
another embodiment, devices can set, during operation, the 
transmission frequency as Well as the transmission time, so 
can select a combination of frequency and time slot, from a 
pool of frequencies and time slots. 
[0037] The GNSS in the scope of this invention is prefer 
ably the presently operative US GPS, hoWever may be of 
other types, such as the upcoming European Galileo; the 
Russian GLONASS (or GLONAS); the Chinese COMPASS; 
the Indian IRNSS, or a combination thereof. As a person skill 
in the art may appreciate, different GNSS receivers could be 
coupled to different communication devices, according to the 
present invention, as long as such a receiver provides accurate 
timing signals and accurate timing and position data. 
[0038] Non geostationary satellites provide footprints 
Which are dynamically moving on the earth surface. In order 
to determine these footprints, a device may use the momen 
tary spatial coordinates of every satellite and of the earth 
center, as Well as the earth radius (assuming a spherical earth). 
The satellites coordinates may be derived, based on the cur 
rent time reading acquired from the coupled GNSS receiver, 
according to records stating the satellites position and/or 
almanac and/ or ephemeris, Which may be partially or entirely 
stored in the memory of each device or/and received at said 
device. For example, positioning satellites as the GPS peri 
odically transmit these data, and more often transmit their 
spatial position coordinates, embedded in the navigation mes 
sages. For global navigation and location purposes, the earth 
center is usually the origin point of a spatial coordinate sys 
tem, even though it is said that the earth is orbiting around the 
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sun. Obviously, in case that the device can detect signals 
transmitted by a satellite, this is a clear indication for being in 
this satellite footprint. 
[0039] Having the satellite spatial coordinates, in addition 
to the direction and Width of the satellite antenna beam, as 
Well as the spatial coordinates of the earth center and the earth 
radius (or a more accurate mathematical model of the geoid), 
may be used to calculate this satellite communication foot 
print on the earth surface, as Well knoWn in the art. 
[0040] Typically, the dynamically moving footprints of 
non-geostationary satellites provide, according to the present 
method, a dynamically cellular partitioning and consequently 
a dynamic channel allocation. Hence, this channel allocation 
is effectively valid for a short period, so typically suitable for 
relatively short periods. In one embodiment of the disclosed 
method, this channel allocation is applied by devices Which 
transmit a service request, before been allocated With opera 
tional channels that are administered by the netWork or sys 
tem. In this case, the requesting devices may share a pool of 
channels for this preliminary phase of communications, from 
Which the disclosed method can function. Then, upon estab 
lishing an initial contact With a satellite, the system may take 
control and allocate a different channel to the requesting 
device. 
[0041] In a second embodiment of the disclosed method, 
this channel allocation is applied by devices that periodically 
transmit data packets, and for each transmission a channel 
and/or time slot is selected by each device, according to the 
present method. A typical relevant application is a Search and 
Rescue (SAR) satellite system, such as Cospas-Sarsat, 
employing distress radio beacons. This system is basically 
allocated (according to international regulations) With 33 fre 
quency channels (though not all operational), and compatible 
beacons placed in active mode are con?gured to transmits 
short bursts of about 0.5 seconds each, every transmission 
cycle of 50 seconds. The disclosed method may then be 
applied on a subset of these 33 channels and 100 possible time 
slots (theoretically a pool of 3300 orthogonal selections), in 
order to improve the system capacity and/or quality of ser 
vice. 
[0042] Typically, a device according to the present inven 
tion may comprise unique identi?cation data (ID), and be 
con?gured to transmit said ID along With data representing its 
location. This is particularly relevant to location systems and 
applications. In such cases, said device may be attached to an 
object to be located, such as: a person, animal, pet, vehicle, 
Weapon, ammunition, valuable asset and so on. 
[0043] The current method can be further re?ned and fur 
ther improve the netWork capacity and/or quality of service, 
by reducing the collision rate among devices, in speci?c 
scenariii. One scenario is related to location applications, 
Where the most important data transmitted by a device is its 
position. Then, if the position of a device does not change 
signi?cantly betWeen successive reports, this device may skip 
one or more transmission cycles, avoiding transmission of 
redundant data and reducing the chance to interfere With 
another device. This logic may be broaden to similar scenario, 
so a device skips a transmission cycle if other type of data to 
be transmitted is substantially the same as previously trans 
mitted, for example a sensor reading that did not change 
lately. 
[0044] Another scenario is related to systems Which pro 
vide transmission acknowledgement. In such a case, if a 
device is con?gured to periodically transmit data packets, as 
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a distress radio beacon, and if one transmission is been 
acknowledged, then this device may skip one or more trans 
mission cycles in order to reduce a potential transmission 
collision With another device, knowing that its oWn message 
Was already been delivered. 
[0045] The invention is further directed to a computer pro 
gram product in a computer readable medium for a method 
for allocating transmission channels to a plurality of devices 
con?gured to communicate With a diversity of satellites, com 
prising, for each device, the steps of: 
a) determining the current time and self location via a Global 
Navigation Satellite System (GNSS); 
b) determining the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 
c) de?ning as a mega-cell each intersection of footprints 
Which is not divided to further intersections; 
d) determining a transmission cycle divided to time slots, 
synchronized With said GNSS signals; 
e) allocating channels and time slots to each mega-cell, 
Wherein channels and time slots are reused in different mega 
cells, and at least for tWo mega-cells, feWer time slots are 
allocated to the mega-cell served by more satellites; 
f) dividing each mega-cell into cells, at least one cell in a 
mega-cell; 
g) allocating different channels and/ or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 
h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at least 
one of: random or pseudo-random selection; unique identi? 
cation data (ID) stored at each device; classi?cation data 
stored and/or acquired at each device; the nature of data to be 
transmitted; signal/control input; current geographical loca 
tion; coordination With other devices. 
[0046] This computer program product may refer to chan 
nels Which are at least: time slots for Time Division Multiple 
Access (TDMA); or frequencies for Frequency Division Mul 
tiple Access (FDMA); or codes for Code Division Multiple 
Access (CDMA); or a combination thereof. 
[0047] According to this computer program product, cells 
statistically denser With devices can be de?ned smaller, and/ 
or cells statistically With more devices can be allocated With 
more channels and/or time slots. 

[0048] Further, this computer program product may refer to 
a device comprising unique identi?cation data (ID), and con 
?gured to transmit said ID along With data representing its 
location. 
[0049] Then, according to this computer program, a device 
may be con?gured to skip at least one transmission cycle if 
data to be transmitted is substantially the same as previously 
transmitted, or/and if a previous transmission Was acknoWl 
edged. 
[0050] The invention is also directed to a communication 
system and device for allocating transmission channels to a 
plurality of such devices con?gured to communicate With a 
diversity of satellites, each of said devices comprising at least 
an RF transmitter coupled to a Global Navigation Satellite 
System (GNSS) receiver, Wherein each device is con?gured 
to: 

a) determine the current time and self location via said GNSS; 
b) determine the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 
c) de?ne as a mega-cell each intersection of footprints Which 
is not divided to further intersections; 
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d) determine a transmission cycle divided to time slots, syn 
chroniZed With said GNSS signals; 
e) allocate channels and time slots to each mega-cell, Wherein 
channels and time slots are reused in different mega-cells, and 
at least for tWo mega-cells, feWer time slots are allocated to 
the mega-cell served by more satellites; 
f) divide each mega-cell into cells, at least one cell in a 
mega-cell; 
g) allocate different channels and/or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 
h) select a speci?c channel and a speci?c time slot from those 
allocated to the corresponding cell, according to at least one 
of: random or pseudo -random selection; unique identi?cation 
data (ID) stored at each device; classi?cation data stored 
and/or acquired at each device; the nature of data to be trans 
mitted; signal/ control input; current geographical location; 
coordination With other devices. 
[0051] For this communication system and this device, said 
channels are at least: time slots for Time Division Multiple 
Access (TDMA); or frequencies for Frequency Division Mul 
tiple Access (FDMA); or codes for Code Division Multiple 
Access (CDMA); or a combination thereof. 
[0052] Further, for this communication system and this 
device, cells statistically denser With devices may be de?ned 
to be smaller, and/ or cells statistically With more devices may 
be allocated With more channels and/ or time slots. 
[0053] Also, for this communication system and this 
device, each of said devices may comprise unique identi?ca 
tion data (ID), and con?gured to transmit said ID along With 
data representing their location. 
[0054] Then, each of said devices may be attached to an 
object to be located, such as: a person (particularly the young, 
the old and the disabled), animal, pet, vehicle, Weapon, 
ammunition, valuable asset. 
[0055] In addition, said device may be con?gured to skip at 
least one transmission cycle if data to be transmitted is sub 
stantially the same as previously transmitted, or/ and if a pre 
vious transmission Was acknoWledged. 
[0056] Other objects and advantages of the invention Will 
become apparent as the description proceeds. 

BRIEF DESCRIPTION OF DRAWINGS 

[0057] The above and other characteristics and advantages 
of the invention Will be better understood through the folloW 
ing illustrative and non-limitative detailed description of pre 
ferred embodiments thereof, With reference to the appended 
draWings, Wherein: 
[0058] FIG. 1 illustrates an OvervieW of a System for Burst 
Transmission to a Diversity of Satellites. The ?gure shoWs six 
satellites orbiting around the globe, detecting a transmission 
of a device (not shoWn) placed in Africa, While ?ve of these 
satellite also detect a transmission of another device (not 
shoWn) placed in the Atlantic Ocean. 
[0059] FIG. 2 shoWs a Block Diagram of a Device for Burst 
Transmission to a Diversity of (SAR) Satellites, according to 
a preferred embodiment of the present invention. It shoWs a 
microcontroller (including RAM and EPROM memory, not 
speci?cally depicted), coupled to a GNSS (e.g. GPS) receiver. 
The microcontroller is also coupled to an RF transmitter and 
an RF synthesiZer. 
[0060] FIG. 3 (3a and 3b) illustrates the footprint of a 
satellite on earth surface, and is divided to FIG. 3a and FIG. 
3b. 
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[0061] FIG. 3a shows an isometric vieW of the earth, and a 
satellite at the Zenith of a point Which is the center of this 
satellite footprint on the earth surface. 
[0062] FIG. 3b shoWs a sectional vieW of the earth, and a 
satellite at a distance of 4 times the earth radius from earth 
center. The radius of the footprint is an arc of an angle denoted 
as 6. 

[0063] FIG. 4 illustrates overlapping footprints of 24 satel 
lites on the earth surface. This illustration of the earth surface 
is only tWo dimensional, and de?nitely not according to an 
accurate geographical projection. Yet, it depicts the Way that 
overlapping footprints create intersections, Which are the 
basis for the present invention cellular partitioning. 
[0064] FIG. 5 shoWs a How chart illustrating the process of 
channel allocation according to the present invention, to be 
periodically implemented by each device, step by step. 
[0065] FIG. 6 illustrates Allocation of channels and time 
slots to cells in A-mega-cells (left side) and B-mega-cells or 
C-mage-cells (right side). Each side of the picture is a table 
comprised of 100 roWs representing 100 time slots, and 10 
columns representing 10 channels. Each combination of ten 
roWs and one column represents a unique allocation of [chan 
nel+l0 time slots] to a speci?c cell. 

DETAILED DESCRIPTION 

[0066] The invention Will noW be described With respect to 
various embodiments. The folloWing description provides 
speci?c details for a thorough understanding of, and enabling 
description for, these embodiments of the invention. HoW 
ever, one skilled in the art Will understand that the invention 
may be practiced Without these details. In other instances, 
Well-known structures and functions have not been shoWn or 
described in detail to avoid unnecessarily obscuring the 
description of the embodiments of the invention. 
[0067] The invention is directed to a method for allocating 
transmission channels to a plurality of devices con?gured to 
communicate With a diversity of satellites, comprising, at 
each device, the steps of: 
a) determining the current time and self location via a Global 
Navigation Satellite System (GNSS); 
b) determining the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 
c) de?ning as a mega-cell each intersection of footprints 
Which is not divided to further intersections; 
d) determining a transmission cycle divided to time slots, 
synchronized With said GNSS signals; 
e) allocating channels and time slots to each mega-cell, 
Wherein channels and time slots are reused in different mega 
cells, and at least for tWo mega-cells, feWer time slots are 
allocated to the mega-cell served by more satellites; 
f) dividing each mega-cell into cells, at least one cell in a 
mega-cell; 
g) allocating different channels and/ or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 
h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at least 
one of: random or pseudo-random selection; unique identi? 
cation data (ID) stored at each device; classi?cation data 
stored and/or acquired at each device; the nature of data to be 
transmitted; signal/control input; current geographical loca 
tion; coordination With other devices. 
[0068] Considering the term “channels”, the preferred 
embodiment of the present invention refers to frequency 
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channels. Another embodiment to be discussed folloWing 
references to channels Which are time slots, as it deals With 
devices With a single factory set frequency (e.g. present 
Cospas-Sarsat beacons) and suggests dynamically allocation 
only of time slots. Furthermore, in the scope of this invention, 
“channels” may be time slots for Time Division Multiple 
Access (TDMA) or frequencies for Frequency Division Mul 
tiple Access (FDMA), as Well as codes for Code Division 
Multiple Access (CDMA) or any combination thereof. 
[0069] FIG. 1 shoWs an OvervieW of a System for Burst 
Transmission to a Diversity of Satellites. The globe is illus 
trated in this ?gure, six satellites orbiting around it, receiving 
a transmission from a device (not shoWn) placed in Africa. 
Five of these satellite are also shoWn receiving a transmission 
from another device (nor shoWn), placed in the Atlantic 
Ocean. In a preferred embodiment of the present invention, 
these and similar devices are distress radio beacons and said 
diversity of satellites (represented in FIG. 1 by six satellites) 
are 24 Medium Earth Orbiting (MEO) satellites, typically 
covering any point on earth surface With several overlapping 
footprints. For example, FIG. 1 indicates that the device 
placed in the Atlantic is in ?ve overlapping footprints While 
the device placed in Africa is covered by six overlapping 
footprints. Preferably, each of said diversity of satellites car 
ries onboard tWo types of payloads: a) positioning; mainly for 
transmitting signals enabling location determination via a 
trilateral calculation; and b) SAR; mainly for receiving dis 
tress signals from radio beacons by the earth surface and relay 
these signals or related data to earth stations. Practically, these 
satellites can be part of the upcoming European Galileo sys 
tem Which is essentially a positioning system but also aug 
ments the Cospas-Sarsat SAR system. Another embodiment 
may be based on the future US GPS constellation, Which is 
presently a positioning system yet planned to be upgraded to 
support SAR such as Cospas-Sarsat. Both GPS and Galileo 
employ a trilateral positioning method, so at least 4 satellites 
of each of these constellations are required to be in LOS With 
any receiver Whose position is to be determined. Practically, 
each of these constellations is designed to provide at least 6 
satellites in LOS (i.e. six overlapping footprints), almost any 
time, With almost any point on the earth surface, but usually 
even more than six satellites, to provide a good (loW) Geo 
metric Dilution of Precision (GDOP) at each receiving 
device. 

[0070] FIG. 2 depicts a Block Diagram of a Device for 
Burst Transmission to a Diversity of SAR Satellites, accord 
ing to the preferred embodiment of the present invention. As 
shoWn in FIG. 2, each of said devices comprises an RF trans 
mitter, on the 406 MHZ band, basically according to the 
speci?cations of Cospas-Sarsatihtt://WWW.cospas-sarsat. 
org//DocumentsTSeries/TlNOV li07_CompleteDoc.pdf. 
Each of said RF transmitters is coupled to an RF synthesiZer, 
and to a microcontroller. The microcontroller is also coupled 
to a GNSS decoder/receiver Which is preferably a Galileo or 
a GPS receiver. These basic blocks might be part of present art 
Cospas-Sarsat beacons (such as EPIRBs, PLBs or ELTs), and 
theoretically, the implementation of this preferred embodi 
ment may be based on present art beacons, customiZed 
according to the disclosed method. In many cases, this cus 
tomiZation can be implemented in softWare, largely enabling 
using current Cospas-Sarsat beacon’s hardWare. Many 
present art beacons comprise a factory set local oscillator, not 
a programmable synthesiZer, and such a single frequency 
device can be employed according to a different embodiment 
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of the present method, Where frequency channels are ?xed at 
each device and only time slots are been dynamically allo 
cated. Yet, the preferred embodiment requires each device to 
comprise a programmable RF synthesizer, coupled to the 
internal processor, as shoWn in FIG. 2, enabling also a 
dynamic frequency channel allocation. The microcontroller 
is then con?gured to select a transmission channel from the 33 
channels (or a sub set of these channels) in the range of 
406.0-406.1 MHZ Which are allocated by the regulator to this 
SAR system. Hence, a person skilled in the art Wishing to 
build a device according to the preferred embodiment of the 
present invention, can choose either strategy: a design based 
on the component level, i.e. using off the shelf integrated 
circuits (lCs), or a design starting With higher integrated 
blocks, i.e. using/modifying radio beacons and/or related 
printed circuit boards (PCBs). 
[0071] Cospas-Sarsat radio beacons and GPS receivers are 
items mostly available on the market, by a considerable num 
ber of manufacturers, and very Well documented (speci?c 
products as Well as systemsiCospas-Sarsat and GPS), in a 
Way that a person skilled in the art, particularly manufacturers 
of such beacons, can utiliZe in the scope of the present inven 
tion. A design starting from crash, can utiliZe components 
Which are also popular in the market, such as the Texas 
Instruments (Tl) MSP430 Ultra-LoW PoWer Microcontrol 
lers or the TI family of loW poWer radio lCs, CC1101/ 
CC1 110/CC1 1 11, Which can be used as RF transmitters and/ 
or RF synthesizers. Data sheets and speci?cations can be 
found aIihIIPJ/WWWILCOIII/ and http://focus.ti.com/gen 
eral/docs/. Further circuits and components, such as those 
required to implement the biphase modem compatible With 
Cospas-Sarsat, are also Well knoWn in the art. 
[0072] According to the preferred embodiment, each active 
device (i.e. radio beacon in distress mode), transmits no more 
than one short packet of data every transmission cycle. This 
cycle is divided to time slots, to improve the channel capacity, 
up to tWice compared to unsynchroniZed transmissions, due 
to less transmission collisions among transmitters. The slot 
ted method is Well practiced in the art, as in the “Slotted 
Aloha” protocol, originally used for satellite communications 
in the Paci?c Ocean region. 
[0073] FIG. 5 shoWs a step by step Channel Allocation 
FloW Chart, to be conducted at each device, every transmis 
sion cycle, according to the preferred embodiment of the 
present invention. These steps comprise of: 
a) determining the current time and self location, based on 
said GNSS signals and data; this is typically done by the 
microcontroller and the coupled GNSS receiver, as Well prac 
ticed in the art; the preferred embodiment suggests employ 
ing either GPS or Galileo as the GNSS (also knoW as SPSi 
Satellite Positioning System); yet, the present invention may 
also be related to other types of GNSS, presently operating or 
futuristic, such as the Russian GLONASS (or GLONAS), the 
Chinese COMPASS, the Indian IRNSS or a combination 
thereof. Furthermore, a skilled person may appreciate that 
any other positioning system, been satellite based or not, may 
be employed in conjunction With the present invention, as 
long as it provides accurate positioning and timing informa 
tion. 
b) determining the current service area (“footprint”) of each 
of said diversity of satellites, as folloWing: 

[0074] b1) determining each satellite spatial coordinates, 
by receiving via the coupled GNSS receiver the satellites 
almanac and ephemeris and for satellites in LOS also 
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receiving the position coordinates embedded in the fre 
quently transmitted navigation messages; also, the sat 
ellites almanac and ephemeris may be stored in the 
device’s memory, enabling, at a knoWn time, to deter 
mine the spatial position of the satellites. 

[0075] b2) determining the current footprints, through a 
trigonometric calculation, based on the ECEF (Earth 
Centered Earth Fixed) satellite coordinates, assuming 
that the earth center is in the origin point (0, 0, 0) of this 
Cartesian coordinate system, and using the earth radius 
(assuming a sphere) or a more accurate mathematical 
model of the geoid. FIG. 3 illustrates a satellite orbiting 
around the globe, Where FIG. 3a shoWs an isometric 
vieW of the satellite footprint on earth surface, and FIG. 
3b shoWs a sectional vieW of the earth, and a satellite at 
a distance of 4 times the earth radius from earth center. 
The radius of the footprint is an arc of an angle denoted 
as 6 (FIG. 3b). A skilled person may probably note that 
cos 6:1A, so 6z75°, and such a footprint covers about 
one third of the earth surface; also, the coordinates of the 
center of this footprint may be determined noting that 
this point is on the line connecting the satellite With earth 
center, distant one earth radius aWay from the earth 
center; clearly, the footprint center and its radius on the 
surface of the earth uniquely de?ne the footprint perim 
eter. According to a second embodiment, said devices 
comprise also a receiver con?gured to receive signals 
transmitted by said diversity of satellites, so the indica 
tion that a device is in the footprint of a satellite is simply 
detecting a signal from this satellite at this device. Fur 
thermore, since according to the preferred embodiment, 
the same satellites transmit positioning signals and 
receive the (distress) devices’ transmissions, determin 
ing the satellites footprints is straightforwardly done by 
detecting the navigation signals transmitted by these 
satellites, i.e. almanac and ephemeris (typically indicat 
ing the position of all the constellation satellites) and 
position, at the GNSS receiver coupled to every device; 

c) de?ning as a mega-cell each intersection of footprints 
Which is not divided to further intersections and recording 
hoW many footprints currently overlap each mega-cell. FIG. 4 
is an illustration of overlapping footprints of 24 satellites on 
the earth surface. Obviously, it is only a tWo dimensional 
illustration, not even a cartographic projection. Still, it basi 
cally depicts the overlapping footprints and intersections 
Which de?ne the mega-cells, according to the present inven 
tion. Since preferably, said diversity of satellites are 24 MEO 
satellites, orbiting substantially evenly around the earth, at an 
altitude of about 20K Kms above earth surface (i.e. about 4 
times the earth radius from the earth center), each of these 
satellite footprints covers approximately 1/3 of the entire earth 
surface, as shoWn in FIG. 3, thus these 24 satellite footprints 
accumulatively cover the earth surface about eight times, i.e. 
averagely provide eight satellites in LOS With any point on 
the earth. As shoWn in FIG. 4, such satellite footprints create 
many intersections. The current method considers the small 
est intersections, Which are not further divided by any foot 
print circumference, and de?nes each of these intersections as 
a mega-cell. FIG. 4 shoWs some mega-cells covered by 6 
footprints, denoted as A-mega-cells (the darkest intersec 
tions); some mega-cells covered by 5 footprints, denoted as 
B-mega-cells; and others covered by 4 overlapping foot 
prints, denoted as C-mega-cells. As already indicated, a 
GNSS as Galileo or GPS ensures at least 4 satellites alWays in 
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LOS With any point on earth, and usually provides many 
more; the example illustrated in FIG. 4 indicates the maxi 
mum number of satellites covering any mega-cell as six; 
d) determining a transmission cycle of 50 seconds, divided to 
100 time slots of 0.5 seconds each, synchronized With said 
GNSS signals; preferably, said GNSS signals are provided by 
the coupled GNSS decoder, and typically are: a 1 Pulse Per 
Second (PPS) signal and Time of Day (TOD) message (i.e. 
the current date and time). Actually, the propagation delay 
variation of transmissions traveling different time periods to 
the same satellite is also to be considered, in order to avoid 
collision of transmissions starting at different time slots. This 
might require decreasing the maximum packet transmission 
period by about 20 milliseconds; 
e) allocating channels and time slots to each mega-cell, 
Wherein channels and time slots are reused in different mega 
cells but at least for tWo mega-cells, feWer time slots are 
allocated to the mega-cell served by more satellites; in the 
preferred embodiment, all channels are allocated to all mega 
cells, and all time slots are allocated to all mega-cells served 
by less than the largest number of satellites, While feWer time 
slots are allocated to the mega-cells served by the largest 
number of satellites. FIG. 6 illustrates Allocation of channels 
and time slots to mega-cells and cells according to this pre 
ferred embodiment. The left side of FIG. 6 depicts the chan 
nels and time slots allocated to A-mega-cells, and the right 
side depicts the allocation to B-mega-cells/C-mage-cells. 
This ?gure shoWs also the allocation of channels and time 
slots to cells in mega-cells, Which Will be discussed later. The 
step related to the mega-cell allocation, is conducted as fol 
loWing: 

[0076] el) determining Which mega-cells are served by 
the maximum number of satellites; folloWing the 
example depicted in FIG. 4, the maximum number of 
satellites serving any mega-cell is six, and these mega 
cells are denoted A-mega-cells; there are six A-mega 
cells in the area marked by the thick black circle (still in 
FIG. 4), and about a total of 40 suchA-mega-cells on the 
entire earth surface, as a rough extrapolation based on 
this FIG. 4 example; 

[0077] e2) Determining a pool of channels available for 
transmission, preferably 10 channels in the range of 
4060-4061 MHZ, each channel 3 KHZ Wide; folloWing 
the non limiting example illustrated in FIG. 6, the center 
frequencies of these channels are: l:406.005 MHZ; 
ll:406.0l5 MHZ; lll:406.025 MHZ; . . . ; X:406.095 

MHZ; each of these channels is represented by a column 
in each of the left and right tables in FIG. 6; 

[0078] e3) allocating all the 10 pool channels to each and 
every mega-cell; as a skilled person may observe in both 
tables in FIG. 6, all 10 channels are marked (each chan 
nel is marked by a different graphical pattern) available 
for A-mega-cell and B-mega-cells and C-mega-cells; 

[0079] e4) allocating all 100 transmission time slots per 
cycle to all B-mega-cells and all C-mega-cells; as a 
skilled person may observe, all 100 time slots (each time 
slot is represented by a different roW) are marked avail 
able (by a gray color) for B-mega-cells and C-mega 
cells, in the right table in FIG. 6; 

[0080] e5) allocating only 90 time slots per cycle to 
A-mega-cells; according to the non limiting example 
shoWn in the left table in FIG. 6, each 10”’ time slot 
(10th, 20th, 30th, . . . , 100th) is denied from A-mega 
cells. 
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f) dividing each mega-cell into cells; preferably, each mega 
cell is divided to 100 equal in area cells; in other cases, in 
order to provide an even number of devices per cell, cells may 
be de?ned in different siZes, to compensate for a non uni 
formly geographical distribution of devices. For example, 
cells in areas knoWn to be statistically denser With devices, 
like urban areas or areas populated With many devices (not 
necessarily related to people, such as remote sensors) may be 
determined to be smaller 

g) allocating different channels and/or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; basically, each cell in a mega-cell 
may be allocated With the same number of channels/time 
slots, yet it is possible to compensate for non uniform distri 
bution of devices per cell With allocating more channels and/ 
or time slots to statistically more populated cells; still, accord 
ing to the preferred embodiment, channels/time slots 
allocated to a mega-cell are divided evenly among the cells in 
this mega-cell, as folloWing: 

[0081] gl) each cell in a B-mega-cell or a C-mega-cell is 
allocated With 1 channel and 10 time slots, Wherein each 
channel is shared by 10 cells in a mega-cell (a column in 
FIG. 6) and each of these cells is allocated With different 
time slots (groups of ten consecutive roWs along a col 
umn in FIG. 6); 

[0082] g2) each cell in A-mega-cells is principally allo 
cated With 1 channel and 9 time slots (depicted in the left 
table in FIG. 6 as a section often consecutive roWs along 
one column, Where only the ?rst 9 roWs in a section are 
colored gray); yet practically, each cell is allocated With 
a basic set of 10 time slots (i.e. all ten time slots depicted 
in said section of the left table, both the 9 gray colored 
and 1 White colored), hoWever is denied one of these 
time slots (the White colored); 

h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, preferably in a 
pseudo-random Way. According to this preferred embodi 
ment, each cell is allocated With only one channel, so the 
random selection is performed only on the allocated time 
slots. Practically, each active device randomly selects a time 
slot from the basic set of 10 time slots allocated to its cell, and 
for A-mega-cells, if the selected time slot happens to be 
denied from this cell (i.e. the 10th time slot), this device does 
not transmit during this transmission cycle. 
[0083] In other embodiments, this selection can be done 
based on a unique identi?cation data (ID) stored at each 
device (eg the ID modulo the number of channels and/or 
tome slots); or a classi?cation data stored and/ or acquired at 
each device (eg channels served for “more important” 
devices); or according to the nature of data to be transmitted 
(e.g. channels served for emergency messages); or based on a 
signal/ control input (e.g. channels served for SOS messaging, 
activated by a user); or current geographical location (eg 
separation of channels according to a ?ner cellular partition 
ing); 
[0084] According to the second embodiment mentioned 
above, the selection of a speci?c channel and a speci?c time 
slot from those allocated to the corresponding cell is done at 
each device With coordination With other devices. As already 
indicated, in this second embodiment, devices comprise also 
RF receivers (beyond GNSS receivers), so nearby devices are 
able to communicate With each other and negotiate channels, 
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in order to re?ne the channel allocation among them and 
further reduce potential transmission collisions at the satellite 
receivers. 
[0085] It is interesting to analyze the contribution of the 
disclosed method to the message receive probability per 
transmission cycle, ie the chance to receive a message from 
a device, at least by one of the receiving satellites, in a trans 
mission cycle period. Observing FIG. 4, focusing on the area 
of the footprint marked by a thick black circle, a skilled 
person may detect 38 mega-cells: a) 6><A-type mega-cells; b) 
20><B-type mega-cells (basically four B-mega-cells are adja 
cent to each A-mega-cell, but the present analysis counts only 
mega-cells placed inside the thick black circle); and c) 12><C 
type mega-cells (six placed on the upper part of the marked 
footprint and six in the loWer part); some six smaller inter 
sections placed by the horizontal diameter of the marked 
footprint are neglected, for the purpose of this discussion. A 
skilled person may observe that for any tWo non adjacent of 
these 38 mega-cells, each mega-cell is covered at least by one 
footprint that does not cover the other. In other Words, tWo 
devices in this area, placed in any non adjacent mega-cells, 
may be detected by at least one satellite each, even if both 
devices are simultaneously transmitting on the same channel. 
For satellites that cover the earth surface substantially uni 
formly, as depicted in FIG. 4, such communication isolation 
is probably provided all over the earth surface. Hence, upon 
de?ning mega-cells as intersections of footprints Which are 
not divided to further intersections, as indicated in step (c) of 
FIG. 5, communication con?icts may be mainly due only to 
active devices placed in the same mega-cell or in adjacent 
(sharing a bordering line) mega-cells. Furthermore, as 
already mentioned, adjacent mega-cells differ by exactly one 
satellite footprint, and devices placed in a mega-cell formed 
by more footprints are not blocked by devices in an adjacent 
mega-cell covered by one footprint less; therefore, post said 
step (c), an active device might be interfered mainly only by 
another device placed in the same mega-cell or a device in an 
adjacent mega-cell Which is covered by more footprints. 
[0086] Then, the partitioning of mega-cells to cells and 
allocation of different channels/time slot to different cells in 
a mega-cell, as indicated in FIG. 5 steps (f)-(g), further limit 
potential communication con?icts only to devices placed in 
cells that are allocated With the same channels and time slots, 
either in the same mega-cell or in adjacent mega-cells. Fol 
loWing, cells Which are allocated With the same channel s/ time 
slots (even related to A-mega-cells, Where cells are denied 
one time slot of ten) are denoted as “matching cells”. 

[0087] Consequently, for tWo active devices, transmission 
collision may occur mainly only in the folloWing scenarii: 

[0088] i) a device in an A-mega-cell interfered by 
another device in the same cell; 

[0089] ii) a device in a B-mega-cell interfered by either a 
device in the same cell or a device in a “matching cell” of 
an adjacent A-mega-cell; 

[0090] iii) a device in a C-mega-cell interfered by either 
a device in the same cell or a device in a “matching cell” 
of an adjacent B-mega-cell (assuming no A-mega-cell 
adjacent to a C-mega-cell). 

[0091] Following is an analysis of the collision rate and 
message receive probability per transmission cycle, in the 
above indicated scenarii. This rough analysis is presented in 
order to clarify the disclosed method and provide a person 
skilled in the art With some practical design insights and 
considerations related to this method. The folloWing analysis 
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assumes a uniform distribution of devices on the earth sur 

face, starting With tWo active devices. It also assumes, 
extrapolated from FIG. 4, that A-mega-cells and B-mega 
cells and C-mega-cells have roughly the same area each, and 
that the earth surface is divided to about 40><A-mega-cells; 
160><B-mega-cells and about 120><C-mega-cells; Wherein 
each B-mega-cell has one adjacent A-mega-cell and each 
C-mega-cell has 2-4 (averagely 3) adjacent B-mega-cells and 
no adjacent A-mega-cells; Thus, roughly: the probability for 
a device to be in an A-mega-cell is Pa:40/320:0.125; the 
probability for a device to be in a B-mega-cell is Pb:160/ 
320:0.5; the probability for a device to be in a C-mega-cell is 
Pc:120/320:0.375; and the probability for a device to be in a 
speci?c mega-cell (either type) is Pm:1/320:0.003. 
[0092] Then, since according to the preferred embodiment, 
a mega-cell is divided to 100 equal in siZe cells, the probabil 
ity for a device to be placed in a speci?c cell in anA-mega-cell 
is Pa/100, and correspondingly Pb/100 and Pc/100 and 
Pm/100. 
[0093] This analysis also assumes a random selection of a 
speci?c channel and a speci?c time slot in a cell, as indicated 
in step (h) in FIG. 5. 
[0094] Denoting the probability for receiving a message 
per transmission cycle, from a device in an A-mega-cell as 
RPCa, and correspondingly RPCb and RPCc for B-mega 
cells and C-mega-cells and RPC for the total Weighted prob 
ability; the probability of a device to transmit in this cycle as 
TP; the probability that tWo devices in the same cell or in 
matching cells select exactly the same channel and same time 
slot as CTP; then formulae 1-4 are: 

RPCa:TPa*(1—CTP*Pm/100*TPa) (1) 

RPCbITPb *[1-CTP*Pm/100*(TPb+TPa)] (2) 

RPCc:TPc*[1—CTP*Pm/100*(TP0+3 *TPb)] (3) 

RPCIPQ *RPCa+Pb *RPCb+Pc *RPCC (4) 

[0095] At this point, if differently than according to the 
disclosed method, step (e5) is cancelled and step (e4) is 
applied to all mega-cells, i.e. uniformly allocating all 10 
channels and all 100 time slots to each and every mega-cell 
(hereafter: “default approach”), then: each device transmits 
once in a cycle, so TPa:TPb:TPc:1, and since preferably 
one channel and ten time slots are allocated to each cell, then 
CTP:0.1 (probability to select the same time slot of ten 
allocated to a cell); so: 
“default approach”, 1+1 devices: RPCa:1—CTP*Pm/100:0. 
999997; 

[0096] Considering back the preferred embodiment (in 
cluding step e5), TPa:0.9; TPb:TPc:1; so: 
preferred embodiment, 1 +1 devices: RPCa:0.9*(1-0. 
9*CTP*Pm/100):0.8999975 
preferred embodiment, 1 +1 devices: RPCbIl —1 . 
9*CTP*Pm/100 
preferred embodiment, 1+1 devices: RPCc:1—4*CTP*Pm/ 
100 
[0097] For tWo active devices, the above analysis (applying 
the above indicated speci?c parameters) shoWs that With the 
preferred embodiment, RPCa is decreased, RPCb is increased 
and RPCc is the same, compared to the “default approach”. 
[0098] HoWever, netWorks as Cospas-Sarsat employ mil 
lions of devices, from Which more than tWo can simulta 
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neously be active. If, for example, a ?rst device according to 
the present invention is potentially interfered by n other 
devices, instead of 1, then transmission collision may occur in 
the following scenarii: 

[0099] i) a device in anA-mega-cell interfered by at least 
1 of n other devices in the same cell; 

[0100] ii) a device in a B-mega-cell interfered by at least 
1 of n other devices placed either in the same cell or in a 
“matching cell” of an adjacent A-mega-cell; 

[0101] iii) a device in a C-mega-cell interfered by at least 
1 of n other devices placed either in the same cell or in a 
“matching cell” of an adjacent B-mega-cell. 

[0102] Then, in formula (1), (l—CTP*Pm/ 100*TP) Which 
is the probability that no (second) device be in a speci?c cell 
and select the same channel and time slot as a ?rst device and 
transmit during that cycle, is to be replaced by (l —CTP*Pm/ 
100*TP)” Which is the probability that none of n devices be in 
a speci?c cell and select the same channel and time slot as a 
?rst device and transmit during that cycle; placing CTP:0.l 
and Pm:0.003 and for the “default approach” 
TPa:TPb:TPc:l; then 
“default approach”, l+n devices: RPCa:(l —CTP*Pm/ l 00)”: 
(1-0.000003)” 
RPCb:(l —2*CTP*Pm/l 00)”; RPCc:(1 —4*CTP*Pm/ 100)” 
[0103] And considering the preferred embodiment, placing 
TPa:0.9; TPb:TPc:l; then: 
preferred embodiment, l+n devices: 
9*CTP*Pm/l 00)” 
preferred embodiment, l+n 
9*CTP*Pm/l 00)” 
preferred embodiment, l+n devices: RPCc:(l —4*CTP*Pm/ 
100)” 
[0104] Clearly, for l+n active devices, the above analysis 
shoWs that comparing the preferred embodiment to the 
“default approach”, RPCb is increased and RPCc is the same, 
for any (positive) value of n. Yet, a skilled person may prob 
ably appreciate that RPCa might be increased or decreased by 
the preferred embodiment, compared to the “default 
approach”, depending on the value of n. By approximation, 
RPCa for the “default approach” is (1-0.000003)”z1—n*0. 
000003; and RPCa for the preferred embodiment is 0.9*(1— 
0.9*0.000003)”z0.9*(1—0.9*n*0.000003); then, in order for 
RPCa to increase by the preferred embodiment, i.e. have 
0.9*(l—0.9*n*0.000003)>1—n*0.000003, it is required to 
have approximately n>l75,000. 
[0105] Denoting m as the average number of devices per 
cell, and q as the number of cells per mega-cell then m:n*Pm/ 
q; also, denoting ct as the total number of orthogonal channels 
and time slots available for the Whole system, and assuming 
that all ct are allocated to every mega-cell (though some time 
slots are denied for some mega-cells), then CTPIq/ct; so 
formulae (5) and (6) are a more general presentation: 

devices: RPCb:(l —l. 

cl*Pm/q*TPa)":TPa*(l—Pm/cl*TPa)" (58) 

RPCa=TPa*(l—n*Pm/cl*TPa) (6) 

[0106] RPCa is improved by step (e4) of the disclosed 
method (compared to the “default approach” Where TPa:l) if 
(approximately) TPa*(l—n*Pm/ct*TPa)>l—n*Pm/ct; for a 
given n, as Well as Pm and ct, this is true if l>TPa>l/(n*Pm/ 
ct)—l; a skilled person may appreciate that this is possible if 
n>ct/(2*Pm); checking again on the preferred embodiment 
values (ct:l000; Pm:0.003), this means approximately 
n>1 67,000. 
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[0107] It may also be noted that RPCb is improved by 
(l—TPa)*n*Pm/ct, so if for example, TPa:0.9; n:200K; 
Pm:0.003; ct:l000; then RPCb is improved compared to the 
“default approach” by 6% and RPCa is improved by about 
2%. A skilled person may probably appreciate that this 
improvement increases linearly as n increases. 
[0108] Further, the present method is particularly effective 
for communications With a diversity of non-geostationary 
satellites, Which provide many overlapping footprints on the 
earth surface. Yet, by nature, these footprints move dynami 
cally on the earth surface, as these satellites dynamically orbit 
around the earth sphere. Thus, the suggested channel alloca 
tion is valid for a limited period of time. 
[0109] In this context, in the second embodiment of the 
disclosed method, already discussed above, channel alloca 
tion is applied to devices Which transmit a service request, 
before been allocated operational channels that are adminis 
tered by the netWork or system. In this case, the requesting 
devices may share a pool of channels for this preliminary 
phase of communications, from Which the disclosed method 
can function. Upon establishing an initial contact With a sat 
ellite, the system may take control and allocate a different 
channel to the requesting device. Clearly, this embodiment 
assumes devices comprising an RF receiver con?gured to 
detect the satellite transmissions, and a programmable RF 
synthesiZer, Which can be set to different frequencies for 
transmission and reception. 
[0110] Still in the context of the momentary nature of the 
present method, in the preferred embodiment of the disclosed 
method, the channel allocation is applied by devices that 
periodically transmit data packets, for each transmission a 
neW channel is selected, based on the updated satellite foot 
prints, according to the disclosed method. The disclosed 
method may then be applied on a pool of channels and time 
slots derived from those allocated for these transmissions. 
[0111] Still referring to the preferred embodiment, a device 
according to the present invention may comprise unique iden 
ti?cation data (ID), and be con?gured to transmit said ID 
along With data representing its position coordinates. This is 
particularly relevant to location systems and applications. In 
such cases, said device may be attached to an object to be 
located, such as: a person (particularly children and adult 
people), animal, pet, vehicle, Weapon, ammunition, valuable 
asset and so on. 

[0112] Regarding location systems, the most important 
data transmitted by a device is its position. Then, if its position 
does not change signi?cantly betWeen successive reports, this 
device is preferably con?gured to pass over one or more 
transmission cycles, avoiding transmission of redundant data 
and improving the chance of other devices to be detected. As 
a non limiting example, a transmission cycle is preferably 
skipped if a device did not move more than 100 meters com 
pared to its previously transmitted position. In another 
embodiment, a device may skip a transmission cycle if its 
current data did not change signi?cantly from the previously 
transmitted data, not necessarily related to position, but for 
example a sensor reading of temperature, humidity, baromet 
ric pressure, Water level, pollution level, etc. 
[0113] In another case, a device transmission can be 
acknoWledged by the satellite. For example, such a feature is 
planed to be implemented by the Galileo GNSS, so prefer 
ably, a device is con?gured to pass over one or more trans 
mission cycles upon detecting one or more such acknoWl 
edgements, as indicated in step (i) in FIG. 5. As a non limiting 
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example, a transmission cycle is skipped by a device Whose 
transmission Was acknowledged in the previous cycle. 
[0114] The invention is further directed to a computer pro 
gram product in a computer readable medium for a method 
for allocating transmission channels to a plurality of devices 
con?gured to communicate With a diversity of satellites, com 
prising, for each device, the steps of: 
a) determining the current time and self location via a Global 
Navigation Satellite System (GNSS); 
b) determining the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 
c) de?ning as a mega-cell each intersection of footprints 
Which is not divided to further intersections; 
d) determining a transmission cycle divided to time slots, 
synchronized With said GNSS signals; 
e) allocating channels and time slots to each mega-cell, 
Wherein channels and time slots are reused in different mega 
cells, and at least for tWo mega-cells, feWer time slots are 
allocated to the mega-cell served by more satellites; 
f) dividing each mega-cell into cells, at least one cell in a 
mega-cell; 
g) allocating different channels and/ or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 
h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at least 
one of: random or pseudo-random selection; unique identi? 
cation data (ID) stored at each device; classi?cation data 
stored and/or acquired at each device; the nature of data to be 
transmitted; signal/control input; current geographical loca 
tion; coordination With other devices. 
[0115] The invention is also directed to a communication 
system and device for allocating transmission channels to a 
plurality of such devices con?gured to communicate With a 
diversity of satellites, each of said devices comprising at least 
an RF transmitter coupled to a Global Navigation Satellite 
System (GNSS) receiver, Wherein each device is con?gured 
to: 

a) determine the current time and self location via said GNSS; 
b) determine the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 
c) de?ne as a mega-cell each intersection of footprints Which 
is not divided to further intersections; 
d) determine a transmission cycle divided to time slots, syn 
chroniZed With said GNSS signals; 
e) allocate channels and time slots to each mega-cell, Wherein 
channels and time slots are reused in different mega-cells, and 
at least for tWo mega-cells, feWer time slots are allocated to 
the mega-cell served by more satellites; 
f) divide each mega-cell into cells, at least one cell in a 
mega-cell; 
g) allocate different channels and/or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 
h) select a speci?c channel and a speci?c time slot from those 
allocated to the corresponding cell, according to at least one 
of: random orpseudo-random selection; unique identi?cation 
data (ID) stored at each device; classi?cation data stored 
and/ or acquired at each device; the nature of data to be trans 
mitted; signal/ control input; current geographical location; 
coordination With other devices. 
[0116] Said computer program product, as Well as said 
communication system and device, may refer to channels 
Which are at least: time slots for Time Division Multiple 
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Access (TDMA); or frequencies for Frequency Division Mul 
tiple Access (FDMA); or codes for Code Division Multiple 
Access (CDMA); or a combination thereof. 
[0117] Also, according to said computer program product, 
and/or according to said communication system and device, 
cells statistically denser With devices can be de?ned smaller, 
and/or cells statistically With more devices can be allocated 
With more channels and/ or time slots. 

[0118] Further, said computer program product and/or said 
communication system and device may refer to a device 
comprising an ID, and con?gured to transmit said ID along 
With data representing its location. 
[0119] Then, according to said computer program product, 
and/or said communication system and device, a device may 
be con?gured to skip some transmission cycles if previously 
transmitted data (eg location data) did not change signi? 
cantly or/and if a previous transmission Was acknoWledged. 
[0120] Furthermore, each of said devices related to said 
computer program product and/or said communication sys 
tem and device, may be attached to an object to be located, 
such as: a person (particularly young, old and disabled), ani 
mal, pet, vehicle, Weapon, ammunition, valuable asset. 
[0121] According to one aspect of the current invention, a 
satellite based Search and Rescue (SAR) system is deployed, 
Wherein devices are distress radio beacons, programmed to 
transmit not more than a data packet per transmission cycle, 
sharing a pool of frequencies and time slots. The present 
invention is used by these devices to select a speci?c fre 
quency and time slot every transmission cycle. When active, 
these radio beacons are con?gured to transmit an ID and a self 
position, and skip a transmission cycle if this position did not 
change at least by 100 meters from the previously transmitted 
position. 
[0122] According to another aspect of the invention, a sat 
ellite based telephone netWork is deployed, Wherein tele 
phones request service from the satellite netWork. Since it is 
expected that more transmissions Will come from urban areas, 
mega-cells in these areas are divided to smaller cells, in a Way 
that averagely a substantially similar number of service 
requests Will come from each cell in a mega-cell. Further, 
When cells populated by many devices are momentarily in 
B-mega-cells, then nearby A-mega-cells are allocated With 
less time slots in order to less interfere With devices placed in 
these dense cells. 
[0123] According to an additional aspect of the invention, 
remote sensors con?gured to be read by satellites are 
deployed WorldWide. The sensors are a multitude of loW cost 
and loW poWer (battery operated) devices. In order to reduce 
cost, devices do not comprise a receiver (beyond a GPS 
receiver), neither an RF synthesiZer, thus each device is fac 
tory set to a single frequency. The present invention is then 
utiliZed to minimiZe transmission collisions among devices, 
yet ensuring a suf?cient probability to receive data from these 
remote sensors by relatively feW transmissions, in order to 
save battery poWer. Assuming also a signi?cant diversity of 
satellites, many overlapping footprints are formed as Well as 
many footprint intersections, so the present invention rela 
tively employs many mega-cells and many cells. Then, this 
system allocates feWer time slots to mega-cells served by 
more satellites (not only the maximum number of satellites). 
For example, if three types of mega-cells are momentarily 
formed, such asA-mega-cells and B-mega-cells and C-mega 
cells (using the terminology of FIG. 4), C-mega-cells are 
allocated With all the available time slots per cycle; B-mega 
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cells are allocated With 95% of the time slots and A-mega 
cells are allocated With 90% of the time slots per cycle. 
[0124] The above examples and description have of course 
been provided only for the purpose of illustration, and are not 
intended to limit the invention in any Way. As Will be appre 
ciated by the skilled person, the invention can be carried out 
in a great variety of Ways, employing more than one technique 
from those described above, all Without exceeding the scope 
of the invention. 

The invention claimed is: 
1. A method for allocating transmission channels to a plu 

rality of devices con?gured to communicate With a diversity 
of satellites, comprising, at each device, the steps of: 

a) determining the current time and self location via a 
Global Navigation Satellite System (GNSS); 

b) determining the current service areas (“footprints”) of 
said diversity of satellites on earth surface; 

c) de?ning as a mega-cell each entire area covered by the 
same footprints; 

d) determining a transmission cycle divided to time slots, 
synchronized With said GNSS signals; 

e) allocating at least one channel or one time slot to each 
mega-cell, Wherein channels and time slots are reused in 
different mega-cells, and at least for tWo mega-cells, 
feWer time slots are allocated to the mega-cell served by 
more satellites; 

f) dividing each mega-cell into cells, at least one cell in a 
mega-cell; 

g) allocating different channels and/or different time slots 
to different cells in a mega-cell, from those allocated to 
the corresponding mega-cell; 

h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at 
least one of: random or pseudo-random selection; 
unique identi?cation data (ID) stored at each device; 
classi?cation data stored and/ or acquired at each device; 
the nature of data to be transmitted; signal/control input; 
current geographical location; coordination With other 
devices. 

2. A method according to claim 1, Wherein said channels 
are at least: time slots for Time Division Multiple Access 
(TDMA); or frequencies for Frequency Division Multiple 
Access (FDMA); or codes for Code Division MultipleAccess 
(CDMA); or a combination thereof. 

3. A system and method according to claim 1, Wherein said 
GNSS is one of: US Global Positioning System (GPS); Rus 
sian GLONASS (or GLONAS); European Galileo; Chinese 
COMPASS; Indian IRNSS, or a combination thereof. 

4. A method according to claim 1, Wherein a satellite foot 
print is determined according to at least one of: the current 
time: the satellite almanac: the satellite ephemeris: the satel 
lite position; Wherein said satellite data is stored or received at 
said device. 

5. A method according to claim 1, Wherein cells statisti 
cally denser With devices are smaller, or cells statistically 
With more devices are allocated With more channels or With 

more time slots, or a combination thereof. 
6. A method according to claim 1, Wherein said devices 

transmit a service request, and said satellites are con?gured to 
detect this request and allocate a different channel to the 
requesting device. 

7. A method according to claim 1, Wherein said devices 
periodically transmit data packets, and for each transmission 
at least a channel or a time slot is selected by each device. 
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8. A method according to claim 1, Wherein each of said 
devices comprises unique identi?cation data (ID), and is con 
?gured to transmit said ID along With data representing its 
location. 

9. A method according to claim 1, Wherein a device is 
con?gured to skip at least one transmission cycle if data to be 
transmitted is substantially the same as previously transmit 
ted, or if a previous transmission Was acknowledged, or a 
combination thereof. 

10. A method according to claim 8, Wherein each of said 
devices is attached to an object to be located, from the fol 
loWing non limiting list: person, animal, pet, vehicle, Weapon, 
ammunition, valuable asset. 

11. A computer program product comprising computer 
instructions embodied in a computer readable storage 
medium for a method for allocating transmission channels to 
a plurality of devices con?gured to communicate With a diver 
sity of satellites, comprising: 

a) determining the current time and self location via a 
Global Navigation Satellite System (GNSS); 

b) determining the current service areas (“footprints”) of 
said diversity of satellites on earth surface; 

c) de?ning as a mega-cell each entire area covered by the 
same footprints; 

d) determining a transmission cycle divided to time slots, 
synchroniZed With said GNSS signals; 

e) allocating at least one channel or one time slots to each 
mega-cell, Wherein channels and time slots are reused in 
different mega-cells, and at least for tWo mega-cells, 
feWer time slots are allocated to the mega-cell served by 
more satellites; 

f) dividing each mega-cell into cells, at least one cell in a 
mega-cell; 

g) allocating different channels and/or different time slots 
to different cells in a mega-cell, from those allocated to 
the corresponding mega-cell; 

h) selecting a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at 
least one of: random or pseudo-random selection; 
unique identi?cation data (ID) stored at each device; 
classi?cation data stored and/ or acquired at each device; 
the nature of data to be transmitted; signal/ control input; 
current geographical location; coordination With other 
devices. 

12. A computer program product according to claim 11, 
Wherein said channels are at least: time slots for Time Divi 
sion Multiple Access (TDMA); or frequencies for Frequency 
Division Multiple Access (FDMA); or codes for Code Divi 
sion Multiple Access (CDMA); or a combination thereof. 

13. A computer program product according to claim 11, 
Wherein cells statistically denser With devices are smaller, or 
cells statistically With more devices are allocated With more 
channels or With more time slots, or a combination thereof. 

14. A computer program product according to claim 11, 
Wherein each of said devices comprises unique identi?cation 
data (ID), and is con?gured to transmit said ID along With 
data representing its location. 

15. A computer program product according to claim 11, 
Wherein a device is con?gured to skip at least one transmis 
sion cycle if data to be transmitted is substantially the same as 
previously transmitted, or if a previous transmission Was 
acknoWledged, or a combination thereof. 

16. A communication system and device for allocating 
transmission channels to a plurality of such devices con?g 
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ured to communicate With a diversity of satellites, each of said 
devices comprising at least an RF transmitter coupled to a 
Global Navigation Satellite System (GNSS) receiver, 
Wherein each device is con?gured to: 

a) determine the current time and self location via said 
GNSS; 

b) determine the current service areas (“footprints”) of said 
diversity of satellites on earth surface; 

c) de?ne as a mega-cell each entire area covered by the 
same footprints; 

d) determine a transmission cycle divided to time slots, 
synchronized With said GNSS signals; 

e) allocate at least one channel or one time slot to each 
mega-cell, Wherein channels and time slots are reused in 
different mega-cells, and at least for tWo mega-cells, 
feWer time slots are allocated to the mega-cell served by 
more satellites; 

f) divide each mega-cell into cells, at least one cell in a 
mega-cell; 

g) allocate different channels and/ or different time slots to 
different cells in a mega-cell, from those allocated to the 
corresponding mega-cell; 

h) select a speci?c channel and a speci?c time slot from 
those allocated to the corresponding cell, according to at 
least one of: random or pseudo-random selection; 
unique identi?cation data (ID) stored at each device; 

Nov. 5, 2009 

classi?cation data stored and/ or acquired at each device; 
the nature of data to be transmitted; signal/ control input; 
current geographical location; coordination With other 
devices. 

17. A communication system and device according to 
claim 16, Wherein said channels are at least: time slots for 
Time Division Multiple Access (TDMA); or frequencies for 
Frequency Division Multiple Access (FDMA); or codes for 
Code Division Multiple Access (CDMA); or a combination 
thereof. 

18. A communication system and device according to 
claim 16, Wherein cells statistically denser With devices are 
smaller, or cells statistically With more devices are allocated 
With more channels or With more time slots, or a combination 
thereof. 

19. A communication system and device according to 
claim 16, Wherein each of said devices comprises unique 
identi?cation data (ID), and is con?gured to transmit said ID 
along With data representing its location. 

20. A communication system and device according to 
claim 16, Wherein a device is con?gured to skip at least one 
transmission cycle if data to be transmitted is substantially the 
same as previously transmitted, or if a previous transmission 
Was acknowledged, or a combination thereof. 

* * * * * 


