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Analysis of the RF Link Design for ETCS and Study on the Communication Zone
by the Antenna Beam Pattern
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Abstract

This paper describes the design of RF link between RSE and OBU of ETCS and the analysis of the antenna beam pattern to
get a proper communication area in the cross direction and traveling direction of lanes. This stage should be performed prior to
determination of system requirements of ITS service based on active DSRC. This study is important and fundamental technical
analysis to design and implement base station of ETCS.
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(Table 1) DSRC physical layer specification'”

Items Specifications
Carrier Freq. 5.80GHz
Bandwidth 10MHz

Coverage 3200 m
BER 10°

RF Power in RSE 10mW

RF Power in OBU 10mW

RF Signal Dynamic 40dBm ~ -75dBm

Range
Polarization RHCP
Modulation ASK /Manchester Line Coding
Data Rate 1.024Mbps

Table 2. Mechanical requirements for ETCS base

station
Items Specifications
Operational wind speed 110Km/h~180Km/h

180Km/h~250Km/h

Survival wind speed

Max. height of 3Cm ice or

Ice load 900K g/m3
Operation temp. -30°C~+60°C
RF Feeder Shielded Coaxial Cable
<1 dB Loss
R: T
adome Type Hermetically closed
Height of antenna 45m ~ 5.5m
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Figurel. three-dimensional model of Multi-rays

o714 H,(F)E LOS Al A A Aedg4oln,
H;, i>2+v vhalg slol Agghg-olt} o3 Ajd
ADdges vhed g2 Aog FHHE

1,0 =S @

47y,

_ _R(&)Aexp(—jkry)
B dmr;

H(f) 3

A7V 2,k S she] folm, 4, & A3
Zolofth. )3, R(&)E EeZ & ¢ Huwsh

=

2 3ho] WAA S|tk Bk 2 vhe) Aol o) Ay
AE g3 2o PP

o=V d + (hFh) 4y, o)
vy 0=V d*+ 2y, ,+v,) + 4k 5)
rs.6=\ 2t Qv+ 3,) Ty )+ A0 ©)

A71M e QeI Folsh BAE TfetuE o] v,
d,yE <2 1>olAsh o] 4 WAL Yehie 5}
gl E ot A ste] whAlSE e 25 2ol
o)),

sinf;—a,V e— cos 25,-

siné;+ av\/e~ cos 2¢;

R(&)= @)

o714 e = A B9 S &AFoIH, ¢,=1/e °ITh

A
i
o
[ =]
A\
rr
[\®)
=
i
i
(@)
=
1o
i
°
=
ok
_E"‘—-;'l,

5
3!
iy
=2

oy
2
i
M=
=
9,
i
A
r>
foi
K1
e
lo
&
o
tlo
l

1
&
&
=
1

' ki SO
d S A

E

Recerred Camer Torer[dH]
. v |
g

E

-1 :
0 W ;W 40 S0 6 1 0 ¢ 0
dfm]

figure 2. Received Carrier Power of the two-ray
and the six-ray model
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Figure 3. Contour by the beam pattern

Qe o], Ay 7
1= 2.9} 2B 2 ¢
Lol ¥ HEle] 3= 54 99 ézqﬁ}htﬂ 8%
ish
A

2. CHILt &A H AIEY0|M

BH %HdA Bsbad A1 52 AA)
Slshed uhaL e} £41 Afolol] 7HEL 58GHzNA
A% B2 hge) 022 DA BT g8 w9 @
2 Hasisy] Patel, FBE /1SS0 Atso]
o A4z B ofo] )&o] 1 F shtoln
F1R Al 4xda7) Am ofglo] el WA S < 4>
3} o] AQHakelch 16709] ofal o] relhe] A% u

775 209 z 707

Figure 4. Structure of a 4x4 sub-array

Table 3. Dimensions of cooperate feed network

Impedance() Width(mm)
35.0 3.10
358 3.00
394 2.60
40.9 2.50
50.0 1.80
54.0 1.60
70.7 1.00
713 0.85

84 0.72
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(a) Beam pattern in E-plane at 5.8 GHz
Figure 5. Simulated beam patterns

(b) Beam pattern in H-plane at 5. 8 GHz
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Figure 7. Fabricated 8x8 array antenna
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, . Figure 8. Measured return loss
Figure 6. Simulated return loss

Table 4. Comparisons of the Beamwidth

3. Fabrication and Experimental Results

Beamwidth Simulation Measurement
el BA17]9} T-junction A 217 E o]&3o s 50m H-Plane 4855 3ss
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Beam Pattern at 5.8GHz 1
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Figure 9. Measured beam pattern
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Table 5. Loss of free space vs distance on 5.8GHz

Distance(m) ! Loss of Free Space(dB)
1 477
5 61.7
10 61.7
100 871.7
1000 107.7
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Table 6. Receive power at OBU

No. Contents Spec. Remark
1 RSE & 10dBm
2 | OBU Y o}F 4dBi
3 | RSE ¢t o5 16dBi
4 A7 24 62.7dB
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Table 7. Loss of free space vs distance on 5.8GHz

Material Attenuation(dB)
Wood(depth=5 mm) 25~35
Plastic board 0.2~35
Concrete block 8.0~15.0
Glass wool heat insulation 38.0
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(a) Gantry for RSE

Table 8. Received Level by Beam pattern
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(b) Installation of RSE antenna
Figure 11. Gantry and antenna
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