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Introduction

There is an old saying that the first victim of a disaster is
communications. With the advent of global mobile
personal communications satellite (GMPCS}) services. this
need no longer be true. GMPCS service seems like the
answer to a prayer for persons engaged in the fields of
emergency and disaster management. This paper briefly
examines the role one such proposed satellite system,
Odyssey, could play and why such satellite-based systems
offer a number of advantages over conventional
communications,

Satellite Communications - Past and Future

In the past, communications satellites have typically been

located in geostationary (GEQO) orbit.  This orbit, some
36,000 km over the equator, is unique in that satellites
maintain a constant position relative to the earth’s surface.
This tends to simplify system operations and the ground
station infrastructure, and only three or four GEO satellites
are needed to provide single-satellite coverage of the entire
world. Unfortunately, due to the GEO altitude, trans-
missions through a GEO satellite introduce propagation
time delays that are confusing and inefficient for interactive
communications. In addition, terminals for GEO systems
tend to be bulky and require some setup time. Because of
the stationary position of GEO systems relative to the
earth’s surface, a user may encounter obstacles in the line
of sight to the satellites which hinder link completion.

The solution to these GEO problems is to place the satel-
lites in lower orbits, either in Low-Earth Orbit (LEQ),
about 800-1400 km, or Medium-Earth Orbit (MEQ), about
10,000 km. Figure 1 shows the relative orbits of GEQ,
MEQ and LEQ satellites.

LEO systems require large numbers of satellites to provide
uninterrupted service for global coverage. Because of their
low altitude, the coverage area of a single satellite in LEQ
is very small. As well, the satellites pass overhead rapidly,
typically staying in view of a user for about 10 minutes. In
order to maintain continuity throughout a call, LEO satel-
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Figure 1. Relative orbits of LEO, MEO and GEO

lites must either employ complex satellite crosslinks, or
utilize hundreds of ground stations spanning the globe,

Table 1 gives a comparison of some of the characteristics of
LEQ, MEQ and GEO satellite systems,
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Table 1. Comparisons of satellite systems

The Odyssey MEO Satellite System

The Odyssey system is designed to provide economical,
high-quality, personal communication services from
Medium-Earth Crbit (MEQ) satellites.  Services will
include voice, data, fax, short message services and value-
added services. The system will provide a link between
mobile or fixed subscribers and the public swiiched
telephone network (PSTN) via dedicated earth stations and
local gateways (Figure 2). For intercontinental calls, the
Odyssey system will route calls through the Odyssey ground
network established between the Odyssey ground stations,
The gateways are the interface between the Odyssey system
and the PSTN in each local area.



Higure 2. Odvisey Svstam overview

The Odyssey svstem has been designed v work with nat-
omal telecommunications neoworks, and 10 8 graat extent
will complement existing werrestrial systems,

Odyssey Space Segment

The Odyssey constellation consists of 12 satellites at an
altiude of 10,354 ko, with four satellites in each of 3
orbital planes inclined ot 50° 1o the eguator. The sateliites,
which will be built by TRW Inc. in the United Suaes, weors
designed 1o reduce techpical complexity and risks, and
pnimize costy,

The Oudyssey sateliies, thanks to their Medium-Earth Orbit,
rofate around the earth in about six bhours; typically, 2
sateliite is in view of a user for 90-120 minutes.

The Odyesey spacecrafl is Hlustraed in Figure 3. The
satellite can be launched singly on the Delta, Sovuz and
Loog March, or two at a time on Proton and Ariane-5
vehicles. The satelites are designed for 2 mission Jife of
13 years, which will significantly reduce the life-cycle cost
of the Odyssey system,

Odyssey Ground Segment

The main components of the ground segment are the earth
stations, primary snd backup System Operations Centers
{S0Cs), lweal Gateways, and the Odvssey Grovnd Network,
The ground segment interconnects Odvssey subseribers 1o
the PETM through the (dvssey earth siations znd local
galewaws., It will alse provide the intrconnections and
datalbase operations necessary to offer subscribers global
roaming capability which is user-transparsns.

Seven Odyssey earth stations around the world provide the
EF links to the satellite constellation. ‘The constelistion is
controilsd from 2 centralized 30C.  Commands and
lemeny to/lrom the satelllle are routed through the earth
station links.,  Svsiemn planning and management is
provided from the SOC, which also manzges all service
operations and the overatl Odyssey Ground Network,

Gateways will provide the connectivity berween the Odys-
sey system and the countey-/area-specific PETNg,

The Odyssey Ground Network will be a redundant private
fiber-optic network imlercomnecting the SOCs, all eanth
stations, and the gnlewsvs,

Figurs 5. Odvssey sazellite in deploved coufigumtion

Odyssey User Segment

The Odyssey User Segment consists of mobile bandsets and
fixed wireless terminals. The fxed wirsless terminal is
basically the same as 2 handser however § will utilize a
larger antenna and be able [0 ransmil moes power,

The handser will ransmit approximately .2 Watt average -
adequate for both voice and digital data oznsmission,
Although Odyssey’s orbital altitods iz greater than LEO,
satellite antenna gain compensates for the greaier path loss.
The transmit power level provides an appropriate margin
against loss due 1o fading effects. It should be noted that
since the Odvssey svsterm operates with high elevation
angles {gyeater than 207, Joss margin s reguired for path
Ioss parameters than with very low orbldng systems which
must operate at shallow elevation angles,

Odyseey  dual-mode handsets will be compatible with
terrestvial colbabar signal formaz. This will be achieved by
the addidon of microelectronie chips to exising hondser



designs 1o produce inter-operability with both cellular
systerns and Odyssey. The Odyssey bandset will meet all of
the communication system design requirements, most
unparantly - low cost, small size and reliability.

Odyssey handsets are expected to cost about $300-700;
fixed wireless terminals will cost about $7350-1000.

Odyssey and Disaster/Emergency Communi-
cations

Although not designed solely as a tool for disaster and
emergency ielecomumunications, there is no doubt that
satellite-based svstems such as Odyssey have an  important
mwle to play in this arez, and offer 2 number of advantages
gver conventional telecommunications solutions such as
radin, cellular systems and the PSTN.

Satellite-based systems offer the prospect of survivable
communications. Since the Odyssey system does not rely
on focal ground segment for call compledon, calls can sdll
be complered even if local facilities are knocked out by a
disgster. In the eveni of sarthquakes and tropical storms,
far example, Tocal celiviar and radio facilities are often
disrupred at the height of the disaster - just when they are
nrogt needed,

Maost of the proposed GMPCS systems have also established
a call Herarchy; in the case of Odyssey, 14 levels of access
prioritization will ensure that disaster and ewmergency
communications can get through, and that the system will
not be congested by less urgent calls,

Odyssey also offers geo-location capability, so that users
cant report their positon with acouracy up to 2 km {or less,
if' a GP3-type handset is used). This functionality is usefid,
for example, in the event of marine or light aircraft
emergengies, or for locating persons lost in remote azeas,

Az well, satellite-based services are not affected by local
weather conditions, and arg not subject to sun-induced
interference as are mogt conventional radia zarvices,

Systems such as Odyssey lend themselves readily to closed
user groups, such as emergency networks, police, search
and rescus units, etc., where security of conunmunications is
an important consideration.  Cail encryption is an integral
aspect of the Odyssey system design,

Clobal roaming capability means that mobile handsets can
readily be taken into a disaster zone, providing reliable, no-
hassle communications before, during and afler an
emergEncy situation.

Service pricing is also an important consideration, While
sateilite-based services can be expected 1o cost miore than
celiular service, Odyssey has been optimized as a svsiem (o

offer the lowest possible wholesale price and the highest
possible servics quality. Typical rates for end-users are
expecied o be abouwr 30.465%min. for fixed wireless
termunals, and $0.9% for mobile units. Dual-ronde hand-
held terminals, compatibie with local cellular systems, will
default 1o g cellujar serviee if it exists {or if it is sll
functioning during the disaster), or w the satellite if
celtular is not an option, thus ensuring the lowest possitle
per-minute COsis,

Satellite systems such as Odyssey should be seen as tools
fur disaster/emergency telecommunications. They are enly
one of many such tools 3t the disposal of safety, rescue and
relief organizations, but there can be litle doubt they are
one of the most flexible and cost-efective.

Odyssey Advantages

There are great differences in the proposed global mobile
sateliite systemns.  {Odyssey, thanks 10 Hs patented
echnology and Medium-Eanth Orbit, offers a sumber of
significant advantages over other systems.

Perhaps the most imponant advaniage of the Odyssey MEQ
orbit is high viewing (or zlevation) angles. Two Odyssey
satellites will be visible almost anywhere in the world at all
times, 4 factor which leads to high line-of-sight elevation
angles, thus minimizing blocksge by termin, trees and
buildings. GEQ satellites provide attractive viewing angles
at lattudes near the equator, but very low angles at high
Iatitndes. With LEQ constellations, a large pumber of
satcllites iz required to provide global coverage even at low
elevation angles. Odyssey has clevation angles averaging
457.35% a1 all larimdes, bener than both LEO and GEO
systems on & worldwide average.  With the full
constellation, 2 minbmum line-of~sight elevation angle of
20° can be guarantesd 1o at least one satzilite 100% of the
time. Figure 4 shows the percentage of dme at lzast one
sateltite is visible above 25
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Figure 4. Relative eicvarion angles



Landmass coverage is another important Odyssey
advantage. During the period that an Odyssey satellite is
assigned 10 a particuler region, the lite attitude is con-
trolled 5o that the body-mounted aniennas are pointed in
the desived direction to optimize coverage. This patented
approach is called "directed coverage” and is different from

most satellites, which merely keep the antenna beams

i pointing}. Figure
3 provides an example of directed coverage. Ia this
example, much of the satelliie field of view is over the
oceans. By slewing the satellite and aiming the antennas at
the coast of China, millions of users are now in the
satellite;’" 'Md of view, thus helping to maximize uss of the
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Figure 5. Satellits beam pattern over Asia

As well, thanks to the Medium-Earth Orbit, each Gdyssey
satellite will remain in view of a caller for well over an
hour, Telephone calls are therefore infrequently handed
over from satellite to satellite, r#ducmg the probabxhrv of a
dropped cail.  Thiz avoids a ior comm tions
synchronization problem inherent in LEQ systems which
must frequently handover telephone calls from satellite to
satellite (approximately every 10 minutes).

In addi
propag
imperceptible in human coxawrsaixons as campared mth
270ms for GEC s

Economical design is xmpomm so that the subscriber ser-
i rial service charges.
Economy is achieved mmuvh low investment cost, a major
consideration for all satellite programs because the pro-
duction and launch of reliable satellite networks is a very
expensive business.

tion, Odyssev’s orbit  configuration  reduces

Odyssey was optimized 2% a4 svstem o offer the lowest-
possible wholesale costs, and a number of elements of the
system design help to achieve this objecuve:

* MEO orbit reguires fewer earth stations, satellites,
iches and replocements
spacecraft

cveles dra

ically reduce overall

Syslem costs
o Simplified design
= Fround en! maximizes use of existing commercial

egquipmeni and existing PSTN infrastruciure.

Frequency Plan

Mobile tink frequencies for satellite-bassd personal mobile
communications were designated at the 1992 WARC. Up-
link transmissions from user to saieilite are conducted at L-
band (1610-1626.5 MHz), while downlink transmissions
are at S-band (2483 .5-2500 MHz).

The Odyssey signaling method will be spread spectrum
(CDMA), which has been proven in numerous zovernment
applica % commercial standard,

ions and 5 an emerging
Spread *spec':rum ps,,mms sharing of the spectrum by multi-

A5,

Summary

The Odyssey system in Medium-Earth Orbit has been opt
imized to meet a variety of market demands, and offers a
number of advaninges for ister and  emergency
telecommunications. While Glv service is only one of
several meons of commurndcations available 1o disaster
relief personnel, such sysiems are unprecedented in terms
of their reliability, effectiveness and overall flexibility.




THE ORBCOMM SATELLITE
SYSTEM - A TOOL FOR
DISASTER & EMERGENCY
COMMUNICATIONS

The ever-increasing miniaturization of electron-
ic circuits, especially those passing digital infor-
mation, has now made it possible to build very
low-cost data communications systems in which
battery-powered, handheld transmit/receive
units can communicate directly with small satei-
lites orbiting the Earth at low altitude, generally
below 1000 km. Such satellite systems are col-
loquially known as “Littie LEOs”, where LEO
stands for Low-Earth Orbit, and are quite dif-
ferent from the better-known communication
satellites at the geosynchronous altitude of
35,736 km.

There are also so-called “Big LEQs™ which,
while still using satellites at lower altitude, are "
designed to carry voice traffic; as a result, they
are much larger and more expensive. Big LEO
systems like Odyssey, Globalstar, Iridium and
ICO are not expected to be operational on a glo-
bal basis until about 1998.

ORBCOMM

The first of the Little LEQ systems is known as
ORBCOMM and has been in commercial ser-
vice in the United States since February 1996.
ORBCOMM is designed to provide reliable,
low-cost, two-way global data and messaging
communications through a constellation of 28
satellites and a complement of associated ground
infrastructure situated around the world,

ORBCOMM satellites orbit the earth every 100
minutes in circular orbits at an altimde of 785
km. Since the Earth is also rotating beneath the
satellites, the satellites effectively overily the
entire world. Hence, the entire constellation of
satellites is available for use with ground net-
works throughout the world. In general, a net-
work will use only one satellite at any given
time, and will switch from one satellite which is
setting below the horizon to ancther which is
then appearing above the horizon in another
direction. Some of the larger nerworks, such as
that in the United States, will use three or even
four satellites at a time.

Compared to geosynchronous satellites, Little
LEO satellites are of small dimensions and low
mass; as a tesult, they are considerably cheaper
to build and lasnch, although they are neverthe-
less quite complex. When its antenna boom and
solar arrays are stowed for launch, an ORB-
COMM satellite is shaped like a disk about 1m
in diameter and about 10 ¢m thick, and weighs
only 40 kg. The satellites can be launched eight
at a time by the innovative Pegasus rocket,
which is air-dropped from a modified L-1011
commercial aircraft.

The ORBCOMM constellation will consist of
28 satellites: three planes of eight satellites each,
inclined at 45° to the equator; and two planes of
two satellites each, inclined 70° to the equator.
There are presently two operational satellites in
orbit, launched in April 1993, and inclined at

. 70°.

Applications

The applications for Little LEO systems are
many and varied. They include the whole range
of SCADA (Supervisory Conurol And Data
Acquisition) uses, in which the status and per-
formance of remote, unatiended machinery can
be monitored at a base station (using the in-
bound communications capabilities), and com-
mands to turn the machinery off or on, or
change its operating configuration can be sent
using the outbound capabilities. Typical appli-
cations thus include oil wells, pumping stations,
and pipelines in the energy industry, or center-
pivot irrigation devices in agriculture,

Another class of application is the tracking and
monitoring of trucks and, especially, refriger-
ated containers, The satellite commmunicator
umnit, with its self-contained battery, is mounted
on or in the wall of the container. An outbound
message can be sent to the unit, commanding it
to respond with its position and status {e.g. the
temperature inside the container). Importantly,
if the temperature rises above some pre-deter-
mined value, for example, if the refrigeration
unit is malfunctioning, or if some other para-
meter exceeds its allowable range, the communi-
cator unit can automatically send an alert to the
base station, so that the container can be located
and repaired before its contents are ruined.



There are also a wide range of applications in
which the remote unit is carried by a person,
such as a surveyor working in the field.

In terms of disaster and emergency communi~
cations, hand-held mobile units have an impor-
tant role to play, although necessarily more
limited compared to handheld mobile satellite
voice terminals. Little LEQ units could, for
example, be carried by private pilots, boaters,
mountaic climbers, hikers, and others traveling
in remote areas, facilitating rescue operations in
the event of a problem. Users could send mes-
sages requesting assistance, and could also use
their units to specify their position. Such units
can thus function as personal locator beacons.

Each communicator unit can determine its
Iocation by internally processing the measure-
ments it makes of the frequency shift of the
downlinked signals caused by the relative
motion between the satellite transmitting the
signal and the unit receiving it. The accuracy of
this position measurement is about 1 km, suffic-
ient for many applications. In cases where
greater accuracy is required, units with buiit-in
GPS functionality can specify position to within
a few fest,

Status

ORECOMM s first two operational satellites
have been in orbit since April 1995, The
ground infrastructure in the United States,
consisting of the Gateway Control Center and
four Gateway Earth Stations, is in place.
Although with just two satellites, only intermit-
tent service can be offered, ORBCOMM is a
commercial reality. Licensees authorized to
provide ORBCOMM service are now being
signed up, and ORBCOMM expects that by
1999 service will be available on a global basis,
once Gateways have been constructed in a
nurnber of countries.



