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An Application-level QoS Assessment
of Driving Support System for Safety
with Inter-vehicle Communications

KeNJ1 Ito,! YukiHiRo TADOKORO, !
NorryosHr Suzukr, ! Jungr Imarf!
and SATOSHI MAKIDO'!

This paper investigates Medium Access Control (MAC) protocol for peri-
odic inter-vehicle communications (IVC) with high reliability in safe driving
support system for reducing road traffic accidents. Many papers on perfor-
mance evaluation of Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA) protocol have been published. However, the great majority of
them deal with only packet-level performance such as packet throughput and
packet error rate. Also, the communication quality is degraded seriously by hid-
den terminal problem in IVC. In this paper, we try to assess the safety driving

support system by computer simulation from an application-level Quality-of-
Service (QoS) point of view. The simulation results clarify the importance of
countermeasure to hidden terminal problem in order to realize reliable IVC.
In addition, we demonstrate the effectiveness of decentralized Time Division
Multiple Access (TDMA) protocol as one of the countermeasure methods.
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Fig.1 Packet format in D-TDMA protocol.
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Table 1 Simulation conditions.

items values

Bandwidth 10 MHz

Data rate 12 Mbps
Modulation 16 QAM / OFDM
Coding rate 1/2

Data bits per OFDM symbol 96 bits

PLCP preamble duration 32 usec.

Symbol interval 8 usec.

Radio frequency 800 MHz
Transmission power 20 dBm (100 mW)
Receive threshold (16 QAM; Thy) | —77.0dBm
Receive threshold (BPSK; Thy) —85.0dBm
Capture threshold (§) 8dB

Data size 100 bytes
Transmission period 99.84 msec.

Antenna height ht = h, = 1.5m

02 D-TDMAOODOOOOODOO
Table 2 Parameters in D-TDMA protocol.

parameters values
Packet length (Lp) 208 psec.
Guard time (Tq) 32 usec.
Slot length (Lp + Tg) 240 psec.
Frame period 99.84 msec.

Number of slot (V) 416
Frame information (2N) | 832 bits
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Fig.6 Ratio of the number of vehicles which have slot-synchronization error to all vehicles.
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Fig.10 Road models in computer simulation.

00o0oooooog Vol 51 No. 1 83-100 (Jan. 2010)

000000 10000000000
000000000000 000000000000 26)000000000000
ONETSTREAMOOOOOOOOOOOOOO0O0OOOO0ONETSTREAMOOO0OOOO
0000000000000 00000Originy0d 00 O Destinationd 000 OD OO0
0000000000000 0000000000000000000000000000
0000000000000 00000000000000 20000000000000
00000000000000000000000000000000
000000000000000000003200000 ns-20000000000
0000000000000 0000000000000000000000MACDOO
000000000000000000000 QSO00000000000000000
00000000000000000000000000000000000000000
MACOODOOOODODOOOODOOODOOOOODOOOOO0OO0OO0D0O0O0000000
00000000000000000000000000000000000000000
0000000000000000000000000
4.2 0000000
3200000000000000000000000000D000000000000
00D000D0000000D00%0000000000000000000007000
0D0000D00000010030mO0000000000000000000D00000
0 800MHz O 1,400MHz 000000000000 O00DD0OOO0OOODOOOODO0
00000000000000000000000000000000%,00000 200
00000000000 000000000000000000000000000000
0000000000000000000000000
0000000000000 0/0000000000000000000000000
000000000000 00000000000000000000000000000
000000000000 00000000000000000000000000000
0000 20000000000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 000000000000000000000000000C
0027g
000000000000 000000000 (5)00000000000000000

(© 2010 Information Processing Society of Japan



91 000000000 DO0O0OO0DO0O0OO0DO000000D0000 QoSOO

011 00000O0D0DODOO0OOOO0O0O0
Fig.11 Propagation model.
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Table 3 Parameters in CSMA/CA protocol.

parameters values
Packet length 128 psec.
Contention window size 15 (fix)
Carrier sense threshold (= Thz) | —77.0dBm
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Table 4 Simulation results in high traffic.

Traffic [packets/sec.] | Packet delivery rate
CSMA/CA | 4,695 34%
D-TDMA 6,739 16%
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Fig.20 Communication success position for the first time in right turn collisions.
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Fig.23 Capture area and collision detection area (distance between two transmitters is 500 m).
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Fig.24 Capture area and collision detection area (distance between two transmitters is 450 m).
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Fig.25 Capture area and collision detection area (distance between two transmitters is 400 m).
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Fig.26 Capture area and collision detection area (distance between two transmitters is 350 m).
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