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Implementation of WAVE system for ITS
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Abstract

In this paper, the WAVE technology for IT based on Intelligent Transport System(ITS) which using by IEEE
802.11a PHY, IEEE 802.11p MAC(Medium Access Control) and IEEE P1609.3 was implemented. The WAVE
system was designed that has maximum 0.5km communication range for RSU(Road Side Equipment) between
vehicle, 12Mbps transfer speed when downlink at maximum 120km/h vehicle speed. To verify suitableness
of the WAVE system for ITS, we measured several parameters on the real road: communication range when
low and high speed, link establishment time, data transfer speed, PER (Percent Error Rate), and latency. From
the experiment results, we demonstrated that WAVE is a suitable technology for IT based on ITS.

Key words : WAVE, ITS, Smart-Highway, IEEE 802.11p
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I 2. |[EEE 802.11a vs IEEE 802.11p
Table 2. IEEE 802.11a vs IEEE 802.11p

Physical layer(PHY)

BPSK, QPSK, 16-QAM, 64-QAM
5GHz OFDM PHY
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it power limit re er limit requirements for DSRC
U-NIl ban d(5155255255355725 e d( xsosezsem

Medium Access Control layer(MAC)
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‘ WME Primitives ‘

‘ WSM MAG Primitives

WSM Application IPv6 Application
~ User
space
WAVE API] _ BSD|Socket Interface

TCP

teP (Optional)

WSMP

Logical Link Control

> |IEEE 1609.3

U_MLME<— IEEE 1609.4
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Fig 11. WAVE uclinux Protocol Stack
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H/W solution

- WAVE MAC/PHY chip solution - Pharos 2009.8:
802.11p OFDM PHY & MAC

- Channel Bandwidth: 10MHz

- Data rate: 3,6,12Mbps (Mandatory)

- Channel Coding: Convolutional Code

- Subcarrier Frequency Spacing: 156.25kHz

- IFFT/FFT Period: 6.4us

- OFDM Symbol Interval: 8us

- Preamble Duration: 32us

- 4-class QoS support

- Supports some features of IEEE 1609.4: Channel

coordination

S/W solution

- Based on IEEE 802.11p/D7.0: Timing Advertise-
ment & OCB communication

- IEEE 1609.3 & 1609.4

- On-Demand Beacon

- Supports WAVE Basic Service Set (WBSS)
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Table 3. Measured RF Tx Signal Strength

7T 4 | #F 20dBm
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ofx
®
N
°0 X
)
ox

P>

Y
L
_‘0(
o
-‘L
_EL

>
Y
of
>

I 4. 3 9HE 5% 24

Table 4. Measured Communication Range

H2E &% [km/h] SRS km]
30 09
60 0.7
90 0.3
120 0.3
160 0.6
180 0.5
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Table 5. Measured Latency
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to]e 4 o]
512 1024 1518
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e 1 1.465 1.7%4
(30km/h) ' '

60 | 117 | 1546 | 1863
0 | 1173 | 148 | 189
BeE | 120 | 112 | 1861 | 1889
(/) | 160 | L1642 | 16204 | 1942
180 | 19108 [ 23538 [ 12632
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Table 6. Test Result of the Link Establishment Time
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Table 7. Measured Data rate

HolH HE&E (Mbps)
TE 512 024 | 1518
byte byte byte
Vkmh | 0.06 0.06 0.08
e | G0kmh | 022 021 0.18
(OBU> | 100 085 225 132
pep) | Kmh
120
o 129 136 433
7)8 432 463 453
3% | pokm/h | 327 134 414
(RSE
N G028 | 226 | 1o
OBU)
120
ah 924 192 995
85 9% 27 48 e A 058 4% 2
e HoFr)
E 8. mj7l 2FE M= A1} (Alet
Table 8. Calculation Result of PER (uplink)
4%
HAE A3 (49 %)
HolE 2o (bytes) | 512 | 1024 | 1518
7|2 AE
et 0 364 437
60 0 4455 | 695
o) 0 437 71.1
s
HXAE 120 0 218 63.85
(km/h)
160 0 447 642
200 0 419 | %25
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Table 9. Calculation Result of PER (downlink)

315F
H2E A3 (49 %)
to]el 2] (bytes) | 512 1024 1518

HEAE
dalss 2% | 245 | 12

(30km/h)
60 33 | 1% 12
4 90 17 245 18
g2 | 120 | 245 | 215 2.1
(/b)) | 160 2 255 15
200 24 | 2% 24
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