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Abstract: In order to solve the problem of inter-vehicle
communication (IVC) in vast and desolate areas such as the
desert and the Gobi,
proposed. One is based on satellite communication and the
high altitude platform ( HAP )
communication. The system outline and networking modes of
the two models are described. In the satellite communication

two vehicle network models are

other is based on

based model, all the vehicles are equipped with vehicle-bone
satellite communication on the move terminals and the
communication signals between vehicles are forwarded by
satellite. In the high altitude platform-based model, the HAPs
are equipped with base station facilities to form aerial base
stations, and vehicles can communicate with each other via
common terrestrial mobile communication devices. Some key
parameters such as path loss, link loss and system capacity are
also computed. The analysis shows that both the two models

can satisfy the requirement of IVC in the descriptive

environment.
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n vast and desolate areas such as the desert or the Go-

bi and so on, few communication infrastructures are
available due to the extreme climate and the low density
of population. Therefore, communication among vehicles
traveling in those areas becomes quite difficult. Drivers,
who are usually unfamiliar with the road conditions there,
are easy to get lost and be in danger. In this case, resear-
ches of inter-vehicle communication (IVC) in vast and
desolate areas are very essential, especially for activities
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such as military affairs, scientific expeditions and explora-
tions.

In recent years, vehicular ad hoc network ( VANET),
which provides IVC capability, has received remarkable
attention. Most of the VANET researches have focused

.. 1-2
on urban roadway conditions''™,

where the inter-vehicle
space is small; the number of vehicles is large; the roads
have already existed and been regular; and all kinds of
terrestrial communication infrastructures are available.
There are also some researches about VANET on high-
ways"”'. Compared with the urban areas, the vehicles on
highways are relatively sparse and the terrestrial commu-
nication infrastructures available are fewer. But the vehi-
cles there still travel on the existing roads and can im-
prove the capability of VANET with the help of some
roadside units"”'. However, in the desert or the Gobi, ve-
hicles cannot move along regular roads. What’s more,
there are no available terrestrial communication infrastruc-
tures. So the theories of the two scenarios mentioned
above are not suitable for IVC in the desert or the Gobi.

Satellite communication is well known for its long
communication distance, large coverage area, fast net-
working as well as no limitations on the application envi-
ronment. Recently, vehicle-bone satellite communication
on the move (COTM) technique has improved a lot™.
Despite all the advantages mentioned above,
communication also has some evident disadvantages, such
as expensive devices, pretty high fees and limited com-

munication resources. Therefore, another vehicle network

satellite

model which is based on the high altitude platform
(HAP) "'is proposed. In this model, base station ( BS)
facilities are carried to the space of the desert or the Gobi
by the HAP to form aerial BSs. Thus vehicles can com-
municate with one another by using common terrestrial
mobile communication devices. This kind of model can
effectively overcome the shortcomings of the satellite

communication.

1 System QOutline

1.1 Vehicle network based on satellite communica-
tion

There are three assumptions of the application scenario
of the vehicle network based on satellite communication
as follows:
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1) Vehicles travel in the desert or the Gobi, with no
access to any terrestrial communication infrastructure.

2) All the vehicles are equipped with vehicle-bone sat-
ellite COTM terminals, which can ensure stable and ef-
fective two-way communication between vehicles and sat-
ellites while vehicles are moving at a high speed.

3) There are no existing roads in the desert or the Go-
bi. So the directions of vehicles are random.

The satellite communication is the only way of commu-
nication among vehicles in this scenario. The coverage
area of a satellite is so large that one satellite can cover
the entire desert. Take the Iridium system as an exam-
ple'”. It is one of the low earth orbit (LEO) satellite sys-
tems, which has 66 satellites at an altitude of 780 km
above the earth. Every single satellite has 48 spot beams.
Each of them corresponds to a cell of 667 km in diameter
on earth. So the diameter of the total coverage area of
each satellite is about 4 000 km. The largest desert in
China is the Taklimakan Desert, which is about 1 000 km
in length and 400 km in width. Therefore, two cells of
the Iridium satellite can cover the whole desert. The cov-
erage areas of the middle earth orbit (MEO) and the geo-
stationary earth orbit (GEO) satellite are much larger than
those of the LEO satellite, as their orbit heights are much
higher. As a result, only one satellite is needed in this
model. The vehicle network model based on a satellite is
shown in Fig. 1. All the vehicles communicate with one
another via the satellite. They can also get access to the
terrestrial core networks outside the desert or the Gobi like
Internet and the public land mobile network ( PLMN)
through the gateway of the satellite.
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Fig.1 Vehicle network model based on satellite

1.2 Vehicle network model based on HAP

Because of its large coverage area and almost no limita-
tions on the environment, satellite mobile communication
has become one of the most important methods in researc-
hing the vehicle network in the desert or the Gobi. But it
also has many shortcomings. Satellite communication al-
ways has a big problem of long delay and large path loss.
What’s more, in the desert or the Gobi scenario men-
tioned above, the vehicle network based on a satellite has

problems as follows:

1) All the vehicles should be equipped with satellite
COTM terminals which are quite expensive. Therefore,
the cost for equipment installation will be very high as the
number of vehicles increases.

2) Compared with common terrestrial mobile commu-
nication, fees of satellite mobile communication are much
higher.

3) Sources provided by satellite mobile communication
are very limited. The broadband transmission is very dif-
ficult. For example, the data transmission rate of the
Iridium system is only 2. 4 kbit/s' and that of the
GlobalStar system is 7.2 kbit/s'”". Even for the Inmarsat
system which has developed quickly in recent years, the
two-way data transmission rate of its widely used M4
standard is only 64 kbit/s"™.

Due to the problems of satellite communication men-
tioned above, another vehicle network model based on
the HAP is presented. A suitable HAP is usually consid-
ered to be a quasi-stationary unmanned vehicle in the
stratosphere at an altitude between 17 and 20 km''. It
should maintain its position within a sphere having a radi-
us of 0.5 km'"”. As an aeronautical platform, HAPs can
take different forms, such as unmanned airships and hot
balloons. HAPs combine the advantages of both the satel-
lite and the terrestrial mobile communications, which has
brought it considerable attention in recent years. They
have lower free space loss (FSL) and less transmission
delay when compared to satellites. They provide larger
coverage when compared with terrestrial
What’s more, the position of HAPs can be changed ac-
cording to the communication requirements so that the
network can be reconfigured flexibly.

The assumption of the aerial BS presented in this paper

networks.

will use HAPs to carry the BS facilities into space. In this
way, vehicles travelling in the coverage area of the aerial
BSs can communicate with one another via common ter-
restrial mobile communication devices. The network of
aerial BSs, such as the third generation (3G) cellular net-
work, can provide broadband transmission. For example,
the data transmission rate of TD-SCDMA is 384 kbit/s
while travelling at a high speed. In conclusion, the vehi-
cle network model based on the HAP can solve the prob-
lems of satellite mobile communication effectively.

There are four assumptions of the application scenario
of the vehicle network based on the HAP as follows:

1) Vehicles travel in the desert or the Gobi, with no
access to any terrestrial communication infrastructure.

2) HAPs, carrying BS facilities within them, stay in
space at an altitude of 20 km. The influences of slow
movements of HAPs are ignored. That is, the HAP main-
tains its position within a sphere having a radius of about
0.5 km. Compared with the high speed of the vehicles in
the desert or the Gobi, the influences of HAPs’
movements can be ignored.

slow
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3) In the coverage area of the HAP, vehicles can com-
municate with one another via common terrestrial mobile
communication devices such as a 3G network.

4) There are no existing roads in desert or Gobi. So
the directions of vehicles are random.

The vehicle network model based on the HAP is shown
in Fig.2. In the coverage area of the aerial BS, vehicles
in desert or Gobi communicate with each other through
the BS. Vehicles can also connect with terrestrial core
networks via satellites or microwave links of aerial BSs.
If broadband data transmissions are needed between vehi-
cles and terrestrial core networks, data should be trans-
mitted via the microwave links of aerial BSs. Otherwise,
data can be transmitted through the satellite.
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Fig.2 Vehicle network model based on HAP

2 Networking Modes

2.1 Networking modes of vehicle network model
based on satellite communication

The networking modes of the vehicle network model
based on satellite communication can be divided into two
kinds according to the existence of on-satellite handling
technique as follows:

1) On-satellite handling technique based On-satellite
handling technique means that satellites are equipped with
on-satellite handling facilities which can demodulate, read
addresses, etc. There are inter-satellite links in this kind
of system. In this case, users can start the call with a sat-
ellite mobile communication device at any place on the
earth. The call request can be forwarded to the called de-
vice far away via the inter-satellite links. In this process,
no terrestrial facilities are needed. This kind of system is
almost independent of terrestrial networks and gateways.
The communication data among vehicles are forwarded by
the satellite, which is shown in Fig.3(a).

2) Transparent forwarding based  Transparent for-
warding on the satellite means that the received data only
get the necessary easy handling and then are forwarded to
earth by the forwarding devices. There are no links be-
tween satellites. All the handling and switching processes
are performed by terrestrial facilities. In this case, a fair
number of terrestrial gateways are required. In this sys-
tem, there must be two hops while two vehicles try to

connect. First, the vehicle which starts the call should es-
tablish a link between the satellite and itself. Then the
satellite forwards the call request to its terrestrial gate-
way. Finally, the gateway forwards the request to the tar-
get vehicle through the satellite. The process is shown in
Fig.3(b). The delay of this system is evidently much
longer than that of the satellite system based on the on-

satellite handling technique.
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Fig.3 Networking modes of the vehicle network model based
on satellite communication. (a) Communication only by the satel-
lite; (b) Communication by the satellite and the gateway

2.2 Networking modes of vehicle network model
based on HAP

The coverage area of the HAP should be discussed
first. Assume that the HAP stays in an altitude of 20 km
and the minimum elevation angle of the user is 5°. Then
it can be calculated that the radius of the coverage area of
the HAP is 229 km, as shown in Fig. 4.
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Fig.4 Coverage area of HAP

Therefore, when all the vehicles travel in an area with
a radius of 229 km, only one HAP is needed in the sys-
tem and it is shown in Fig. 5(a). When the number of
vehicles is extremely high and their travelling area is rath-
er large, several HAPs are needed to form an aerial cellu-
lar network, and it is shown in Fig. 5(b). Actually, in
practical applications, such as military affairs, scientific
expeditions and explorations in the desert or the Gobi, the
distribution of vehicles is relatively concentrated and an
area with a radius of 229 km can cover all the vehicles.
The situation shown in Fig. 5(a) will be studied in detail.

3 Key Parameters

3.1 Path loss and link loss

The link loss in free space is discussed first. The power
P, absorbed by the receiving antenna in free space is''"
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Fig.5 Networking modes of the vehicle network model based
on HAP. (a) Only one HAP in the system; (b) Several HAPs to form

an aerial cellular network

The link loss L, is
P
Ly 101g( ) 32.4 +201gf +201gd - G, - G, (2)

The path loss L

path 1S

=32.4 +20lgf +201gd (3)

pdth

where P, is the transmitting power; P, is the receiving
power; G, is the gain of the transmitting antenna, dB; G,
is the gain of the receiving antenna, dB; f is the carrier
frequency, MHz; and d is the distance between the termi-
nal and the satellite or HAP, km. Take the downlink as
an example. Here, the Iridium system is taken as an ex-
ample of the LEO satellite systems,
as an example of the GEO satellite systems and the GSM
900 system as an example of the BS in the HAP. The val-
ues of the variables in the equation of L, and L, are
shown in Tab. 1.

the Inmarsat system

Tab.1 Values of variables in the equation of Ly, and L,
d/km
Tri/lzfie(:f G/dB  G,/dB f/MHz The shortest The longest
distance distance
GEO (Inmarsat) 42 1.7 1538 36 000 38 380
LEO (Iridium) 23.1 1.0 1616 780 1 696
HAP (GSM 900) 7 0 935 20 229.5

The calculation results of L,, and L, is shown in

path
Tab. 2. It is seen that the path loss of the vehicle network
model based on the satellite is much higher than that of
the vehicle network model based on the HAP. In order to
obtain a relatively close link loss, the gain of the antenna

on satellite should be much larger.

Tab.2 The calculation results of L, and L,
Lputh/dB Llink/dB
Type of
model The shortest The longest The shortest The longest
distance distance distance distance

GEO (Inmarsat) 187.2652 187.8212 143.5652 144.1212
LEO (Iridium) 154.4107 161.1573 130.3107 137.057 3
HAP (GSM 900) 117.8368 139.0319 110.8368 132.0319

3.2 Capacity of system

The capacity of the FDMA and TDMA cellular system

is[]]]
m =208 4)
K
where m is the capacity of the system; B, is the total
bandwidth assigned to the system; B_is the channel band-
width; and K is the number of cells in the area.

If the vehicles travel within an area having a radius of
229 km, only one HAP is required. Thus, K =1. Still,
take the GSM 900 system as an example of the BS in the
HAP. The uplink frequency is from 890 to 915 MHz,
while the downlink frequency is from 935 to 960 MHz.
Therefore, the total bandwidth of the GSM 900 is 25
MHz. The channel bandwidth is 200 kHz. Then the ca-
pacity of the GSM 900 system is

_ 25 000/200

1 =125 channels/cell

The capacities of the different systems are shown in
Tab. 3.

Tab.3 The capacity of different systems

Type of model Capacity/( channels - cell ~")
GEO (Inmarsat) 25

LEO (Iridium) 80
HAP (GSM 900) 125

It can be seen from Tab. 3 that the capacity of the vehi-
cle network based on the HAP is much larger than that of
the vehicle network based on the satellite. Actually, the
area of one cell of the satellite is several times larger than
that of one cell of the BS in the HAP, which means that
the capacity difference of the different systems is actually
greater than that shown in Tab. 3.

From the calculation results of the important parameters
such as path loss, link loss and the system capacity, the
vehicle network based on the HAP is better than the vehi-
cle network based on the satellite in several different as-
pects. Therefore, it is of high value and deserves consid-
erable attention.

4 Conclusion

In this paper, two vehicle network models based on
satellite and the HAP for IVC in the desert or the Gobi are
proposed. The most outstanding characteristic of the vehi-
cle network model based on the satellite is large coverage
area. The vehicles can connect with one another via satel-
lite at any place in the desert or the Gobi. On the other
hand, the vehicle network model based on the HAP is es-
tablished on the theory of the existing cellular network.
Vehicles can access one another by using common terres-

trial mobile communication devices. The path loss, link
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loss and capacity of the two models are computed. To
conclude, both of the models can effectively satisfy the
need of IVC in the desert or the Gobi.
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