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Abstract - A channel model has been established by analyzing
the characteristics of the non-line-of-sight (NLOS) environment in a
domestic airport surface and referencing mobile communication and
air channel research. Through deducing the analytical formula of
Doppler spectrum that incident angle in Gaussian distribution, we got
the spread of frequency that produced by relative motion, and we
assess the communication performance of the channel by contrasting
the bit error rate of some channel. Channel evaluation also by
analyzing channel capacity in different antenna configuration to
compare priori knowledge. The simulation results show that the
established channel model can accurately describe the characteristics
of the non-line-of-sight environment in the airport surface, and it can
be used for the design of multilateration (MLAT) system and the
research of time difference of arrival (TDOA) localization algorithm.

Index Terms — Non-Line-of-Sight (NLOS), Channel Model,
Multilateration (MLAT), Time Difference of Arrival (TDOA)

1. Introduction

For improving the positioning precision of MLAT
system, it must solve the NLOS problem. The NLOS
environment between the mobile station (MS) and base station
(BS) can make excess delay of TDOA value, namely NLOS
error. It can’t eliminate NLOS error by improving the system
of the measuring accuracy of TDOA receiver. The NLOS error
is only affected by the wave channel.

The research on aviation channel especially NLOS
channel suitable for airport surface at home and abroad is less
than on wireless channel. In the aviation channel aspect, [1]
analysis the characteristics of air channel. The authors do some
improvement and implementation to the aviation channel
statistical model based on the incident angle in [2]. In [3], a
mixed application channel model about aviation and wireless
communication is proposed, the model is used to simulate
various fading signal. It analysis the unmanned air vehicle
(UAV) in different flight status, proposed a statistical channel
model that is applied to UAV in [4]. The interference between
channels caused by multi-path and multiple antenna
transceiver situations are introduced in [5] and [6]. The
channels of above are all include LOS component, and has not
test whether the channel applicable.

Referencing the channel model of above, and anglicizing
the real NLOS airport surface environment, also combining
with MLAT technology, a channel model is proposed and
evaluated in this paper.
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2. Establishing Channel Model According to the Actual
Environment

The Description of Actual Airport Surface Environment.
Multiple antenna communication combines antenna diversity
and space-time code technology, which can effective against
multipath fading and improve spectrum efficiency. The
research about multiple antenna technology applied in aviation
channel has started in recent years [7].

A domestic airport surface environment is shown in Fig.1.
Scattering environment between the transmitting antenna array
TX and target receiving antenna array is made up of ground
building vehicles and landing or take-off aircraft. The distance
fromMStoBSisd .
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Fig. 1 The schematic diagram of an airport surface

Taking a single transmission path for example, we assume
that the movement direction of MS is @, . Signal will arrive at

the target receiving antenna array in angle ¢, after reflection,

diffraction or scattering of the scattering environment.
Channel Modeling. A channel model is proposed by
referencing Fig. 1. Signal transmission between the master
station and target uses antenna array. While the transmitting
antenna element j(j=1,2,---,Nt) arrive at the receiving

antenna element i(i=21,2,---,Nr) , the channel impulse
response vector h; . (t,7) can be expressed as

h,6)=3 8 0-a @) 57
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In Eq.1, ﬂi'yj(t) denotes the fading coefficients of the

path |, and it obeys the complex Gauss distribution. L denotes
the number of path, 7, denotes the delay of path |, the value

range of 7,is (0,7, ) while,,, is the RMS delay spread.
The delay spread of this channel model is produced according
to the Greenstein model [8], namely 7, =T,d°y. T,is the

median delay spread while d =1 km. The value of ¢ is
0.5. y denotes a random variable that obeys logarithmic

normal distribution, and its standard deviation o, =4 dB.
a(qﬁ,) denotes the steering vector that sent by target

antennai of which angle of arrival is¢@, , and it can be written
as

%Dsinqj, 271 5Dsing

a(¢i,)=[1,e et ,...,e

. T
?(Nr—l)DsinQ
(2)

The spacing between the antenna isD, and D =0.54,
T
while A is the signal wavelength, and ¢ € [_E , E] :

The transfer function matrix of the channel can be

expressed as
H :[hi,j]Nthr

3. The Derivation of Doppler Power Spectrum

®)

We suppose the speed of MS is V , and carrier
frequency f,=C/A . Fig. 1 shows that the movement

direction of MS is¢,. The Doppler frequency of path | can be
written as

f, = fycos(4 —4,) + f,

The maximum Doppler frequency shift is fd . Angle of arrive

@ is

(4)

i ¢

$ = ¢, +arccos

>
! ¢| ¢v (5)
<

d

The number of incident wave is N_, the probability

S H
density function (PDF) of the incident wave angle distribution

is p(¢) . p(4)d e denotes the energy when the incident angle
belongs to[¢, ¢+ d @] .

When the scattering distributed very intensive,
p(#)dgis close to continuous distribution. We use ¢ instead

of g, T instead of f, .After derivation of Eq.4, we get

df =—f,sin(¢—4¢,)d¢ (6)
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And from Eq.5, there is

sinp-) = i- (-5 G
We use S( ) denotes the Doppler spectrum. Then
S(f)df = AG(#)p(#)+G(-P)p(-Pld¢ (8

A denotes the average receive power of the Omni-directional
antenna. The antenna gain of direction ¢ is G(¢) . We
suppose antenna gain G(¢) is constant on Omni-directional,
namely G(¢) =1. From Eq.5, Eq.6, Eq.7 and Eq.8 we get the
complete expression of Doppler spectrum

f-1 _ f-f,
(1)~ AP +CCHPA] Pg, +arccos(—==)) + p(4, ~arceos(—

i Jl—(—f Ly fd Jl—(f Ly
d

)

JE-1]<1,

d

9)
For the convenience of the following derivation, we define
f—f
@, =arccos( €),0<¢, <7 (10)

d

The airport usually located in remote areas and suburban
environment, and Gauss model is more practical than the
uniform model. When the incident angle obeys Gauss
distribution, its Standard deviation is o, and the PDF is

p(¢) =K exp(—w) |(2xo),-m+d <p<m+¢g, (11)
(o}

2
K denotes normalization coefficient and deduces that
K =1/erf (z/\/2c) while erf (+) is error function. Bring
Eq.11 to Eq.9, we get

2
K -{exp[ (¢v +Z| z_¢0)
y ’

27 fd\]l—(

S(f)=

f—

4, - ¢ - %)
T 1+exp[ 257 0 }};\f—fckfd
fd

(12)
4. Simulation Results with Analysis

In order to evaluate the established channel model in this
paper, we did four kinds of simulation as below. The general
parameters of the simulation include the carrier frequency 2
GHz and the speed of MS 200 km/h.

Simulation of Doppler Power Spectrum. Suppose the
incident wave obeys the Gaussian distribution, average

incident angle ¢ =0°and the movement direction of the

target is 0< 90<and180< We get the Doppler spectrum in
different direction as follows.
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Fig. 2 shows that when the movement direction is 0 MS
move towards BS. When o is small, it means the incident
expansion angle is small. At this time the scatterer are mainly
distributed between the MS and BS, and the power spectrum
energy is mainly distributed in the positive frequency shift. AS
o becomes bigger, the incident expansion angle becomes
bigger. So the scatterer behind BS increases as the energy in
the negative frequency shift gradually increases.

Fig. 3 shows that when the movement direction is 90<
MS moves perpendicular to the connection between MS and
BS. When o is small, the scattering object are relatively
concentrated near the average incidence angle. Small
frequencies shift have larger energy while large frequencies
shift with less energy. AS o becomes bigger, scattering

distribution tends to be uniform distribution of [—7, 7] and

power spectrum approaches to the classic spectrum.
Fig. 4 tells that when the movement direction is 180< MS
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deviate from BS. The Doppler power spectrum is mainly
concentrated in the negative half shaft.

Simulation of Bit Error Rate (BER). Rayleigh channel
is a commonly used NLOS channel. We calculate the BER of
our channel and compare it to the Rayleigh channel and the
channel in [5]. The result is shown in Fig. 5.
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Fig. 5 The comparison of different channels.
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Fig. 6 The CDF of channel capacity.

Fig. 5 shows that the channel BER decreases along with the
signal-to-noise ratio (SNR) increases. The BER of our channel
is small than the Rayleigh channel and the channel in [5], so
our channel has good communication performance and
suitable for the analysis of NLOS environment. And we also
see that the OFDM modulation has lower BER than the BPSK
modulation.

Simulation of Cumulative Distribution Function
(CDF) of Channel Capacity. The comparison of the total
channel capacity and the channel capacity per dimension in



different antenna configuration is shown in Fig. 6. The
different antenna configuration is 2>2, 3>3 and 4>4.

From Fig. 6, the channel capacity increases as the SNR
increases. As the number of antenna increases, the total
channel capacity increases while the channel capacity per
dimension decreases. Because the more the number of antenna
is, the larger the mutual correlation of each antenna becomes.
It makes the rank of the channel transfer function matrix with
additional loss, and finally leads to the drop of the channel
capacity per dimension. This result is the same as Fig. 12 in
[9]. So our channel coincides with the priori knowledge.

Simulation of Geometric Dilution of Precision
(GDOP) in Different Channels. We suppose the height of
the target is 2km, and use the Star-model Station. Then we get
the coverage of positioning precision in different channels as
below.
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Fig. 7 The GDOP contour line in different channels.
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Different channels produce different TDOA error that
decline the precision of the location algorithm. We get the
GDOP contour line with the same embattling mode. From Fig.
7, the positioning coverage of our channel is larger than the
Rayleigh channel and the channel in [5]. So our channel is
suitable for the analysis of location algorithm.

5. Conclusions

Establishment of NLOS propagation channel model that
conforms to the real environment has important significance
for improving the precision of the positioning system.
According to the NLOS problem in MLAT system, a channel
model is proposed after the analysis of the real airport surface
environment. The established channel is based on the
distribution of the scattering object, and the construction
method is clear. Simulations and the analysis show that the
model is suitable for NLOS environment and it can well
describe the condition of Doppler frequency shift caused by
relative motion. It has good communication performance and
the increase or decrease trend of channel capacity in different
antenna configuration coincide with the prior knowledge. And
it can be used for the design of MLAT system and the research
of TDOA localization algorithm.
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