Study Approach of Vehicle-to-Vehicle Communications
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Example of Inter-vehicle Communication Systems
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| nter section Collision War ning

Communication Range 100 -200 m
Message set 40 byte

Allowable latency lessthan 100 msec



Experiments-2: Propagation at an I ntersection
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Experiments-1: Received Power in High-Speed Drive Condition
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Communication Spec. Example

Stop & Go Intersection Collision Warning
Frequency Band | 60 GHz 5.8 GHz
Modulation FSK Tt /4-QPSK (A SK)
Modulation Speed | 512 Kbps/128 kbps 640 kbps/4 Mbps
Media Access CSMA CSMA
Emission Power | lessthan 10 mW less than 10 mW




1V C Deployment Scenarios
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| nter section Collisson Warning

| nter section Collision

25.7% of all traffic accidents

in 2001 Japan

—— Challenge

reduce/mitigate collision

without infrastructure

out-of-sight
communication




Purpose

- Avoid or mitigate
the collision at intersection
through inter-vehicle communication



Tria condition

*Freguency: 5.8 GHz
*Band: 5MHz

(same as DSRC ARIB STD-T75)
\/ehicle in non-priority road:
stops at 5 m before intersection
(Because of corner loss at 5.8GHz)



Communication area:

Drawback of single channdl:
-unnecessary vehicles on straight road
-low level signal for vehicles on cross-road against on straight road

N CL: Corner loss

PL: Propagation loss
585m

(PL: 103dB)

100 m
100 m
(CL 15dB +
PL 88dB) 100m 100m 100m

(a) Area by single channel (b) Ideal area



Proposal for communication system
- Running direction based frequency multi-channels (RDBFM)™) -
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-Frequency band: divided into 4
-Transmitting frequency: pre-determined based on direction

*) proposed by Shunji Miyahara, Visteon Asia Pacific, Inc.



Advantages of RDBFM

-Separation between

strong signal from straight road, and

weak signal (target) from cross road
-Dominance of target signal:

target signal isthe strongest in each channel



Access in RDBFM

CSMA area
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Example of power budget

Effective

cable loss  radiative power

Transmitting  antenna gain) ~ 15.2dBm
power

10mw /
Propagation loss: 88.1dB
, coner loss: 15dB, fading loss. 10dB
Siganl A
Minimum power in
Communication area 5
-98dBm Margin 31 B
v Data reception level
Signal B
. . Eb/N- 15dB Thermal noise
Minimum power in i ( 0 ) ~115.9dBm

CSMA area 7
-l14dBm - covAmagin .1 B
'

_ cable loss
System noise antenna gain)
-116.1dBm



Example of packet success rate

05 | 640 Kkbps ACH Multi-channels

Packet success rate

0 500 1000 1500 2000
Trasmission rate kbps

o Packet successrate: > 90 % at 640 kbps
(Transmitting rate-10Hz, velocity -60knv/h, vehicle pitch-26.6m, Channel: Ch3
Evaluation®): success for travel of 2.5[m])
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Summary of specification

Application Intersection Collsion Warning
Specification

Modulation p 4 QPSK
Amount of information 40 Byte (Position, velocity, ID, direction, ...)
Information stransmission rate 160kb /
Transmission rate 640 kbit/s
Access CSMA
Carrier / band width 5.8 GHz/5 MHz

_ 0.7 MHz
Bandwidth for each channel (Pitch=1.1 MH2)
Number of channels 4 RDBFM
Pitch of transmission 100 msec
BER E-
Transmitting power 10 dBm

3.1dB

Power budget

Cornerloss 15dB Fading 10dB
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Conclusion

 Toavoid collision at intersection,

Inter-vehicle communication system is proposed

o Signal level compensation:

Running direction based frequency multi-channels

* Possihility of out-of-sight communication:

Not impossible, worth continuing investigation
-Power budget
-Packet success rate
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