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Business model
& Scenario

User Requirements

Study Approach（ｖ1.3）

Applications

＜ＳＴＡＲＴ＞

Power Budget

Mod/Demo
& Access scheme

Communication Spec.

Interference

Channel Plan

ハード／ソフトの実力
デバイスの制約

電波利用ルール

＊伝送効率／帯域

＊リンク確立

＊周波数同期　　等

＊所要帯域、＊伝送速度、＊通信周期

＊類似通信システムとの共用　　等

＊システム内干渉

＊システム間干渉

＊干渉抑圧　　等

＊通信エリア／距離

＊車両台数／通信ノード数

＊道路環境

＊システムコスト／効果　　等

＊システムマージン　等

Validation

Guideline

＜ＧＯＡＬ＞

＊国内外へのＰＲ

＊行政の支援

＊民間の利用

見直し

見直し

Other Applications見直し

実験ﾃﾞｰﾀ

実験ﾃﾞｰﾀ
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Microwave Millimeter-wave

1
Adaptive cruise
Stop & Go

Automatically stop and go smoothly,
when cars are in traffic jam.

△ ○
◎
(1st.)

2
Cooperative
driving

Cooperative driving by exchanging
respective cruising data

△ ○

3
Hazard
warning

Obstacle w
Stopped vehicle waring
Slowing down vehicle warning

△ ○

4

Mergi
lane change
warining

Cars of main line and a car merging
comunicate for safe and smooth
line change

○ △

5

Interse
winding curve
collision w

Cars out of sight communicate for
safe and smooth cruise

○ △
◎
(1st.)

6

Inter/intra-
platoon
communication

Ad Hoc communication between
cars

○ △

Example of Inter-vehicle Communication Systems

Discussion
Service band

No. ServicesApplicatio

RVC RVC
Ne

資料3

Merging & 
lane change 

warning

Obstacle warning

Intersection & 
winding curve 

collision warning



IVC mapping
for Safety Convenience

１：１

１：ｎ　

ｎ：ｎ　

ｔｙｐｅ

Ｓｔｏｐ＆Ｇｏ

Ｉｎｔｅｒｓｅｃｔｉｏｎ
Collision
Wａｒｎｉｎｇ

ＦｌｅｅｔＮｅｔ

ＣａｒＴａｌｋ2000

Schauffeur

＜Ｏｕｒ　Ｆｏｒｕｍ＞

＜ＥＵ＞

＜Ｎｏｒｔｈ　Ａｍｅｒｉｃａ＞

IVC: Inter-Vehicle Communication
AVCSS: Advanced Vehicle Control and Safety Systems

WARN

Ｓ－Ａｐｐｌｉ．

Ｃ－Ａｐｐｌｉ．
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GPS

100~200m

出会い頭衝突警報システム

Intersection Collision Warning

Communication Range    100 -200 m

Message set　40 byte

　　　　　　　 Allowable latency　less than 100 msec

資料5



Experiments-2: Propagation at an Intersection 資料6

Corner of the Intersection



Experiments-1: Received Power in High-Speed Drive Condition

59.1 GHz

資料7



Communication Spec.（Example）

Frequency Band

Media Access

Modulation

Stop & Go Intersection Collision Warning

Modulation Speed

Emission Power

60 GHz 5.8 GHz 

CSMA CSMA

FSK π/4-QPSK(ASK)
512 Kbps/128 kbps

less than 10  mW

640 kbps/4 Mbps

less than 10 mW

資料8



Multi-purpose DSRC

IVC Deployment Scenarios

Associated
ACC

Stop & Go

point to point link for Safety

Spin off
ETC

Intersection
Collision
Warning

point to multi-point link for Safety

＜Scenario 1＞

＜Scenario 2＞

Ad-hoc
Network

Enhancement

ACC

資料9



IVC Roadmap for C-application

Communication Security

Se
rv

ic
e 

Q
ua

lit
y

Best-effort
C-application
･Entertainment
･Travel Information
･Advertisement

Best-effort
C-application
･Entertainment
･Travel Information
･Advertisement

Secure
C-application
･Private Information
･Bill collection
･Mobile Commerce

Secure
C-application
･Private Information
･Bill collection
･Mobile Commerce

Guaranteed
C-application
･Emergency
･Traffic Accident

Guaranteed
C-application
･Emergency
･Traffic Accident

High

H
ig

h

Combination

11STST GenerationGeneration

2005 2010
Low

Lo
w

22ndnd GenerationGeneration

33rdrd GenerationGeneration
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Wide
spr

ead

・Millimeter Wave Technology
・Broadband etc.

・Encryption
・Authentication

Synthesized IVC

Co
m

bi
na

tio
n



1

Inter-Vehicular Communications                 
for Intersection Collision Warning System

Inter-Vehicular Communications System Expert Group

September 4, 2003
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Intersection Collision Warning

Collision

25.7% of all traffic accidents

in 2001 Japan

Intersection Collision

Challenge 

・reduce/mitigate collision 

・without infrastructure

・ out-of-sight 
communication
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Purpose

- Avoid or mitigate
the collision at intersection

through inter-vehicle communication
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Trial condition

•Frequency: 5.8 GHz 
•Band: 5 MHz
(same as DSRC ARIB STD-T75)
•Vehicle in non-priority road: 
stops at 5 m before intersection

(Because of corner loss at 5.8GHz)
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Communication area:
Drawback of single channel: 
-unnecessary vehicles on straight road
-low level signal for vehicles on cross-road against on straight road

Ch1

5 m

100 m

100 m 
(CL 15 dB +
 PL 88 dB)

585 m 
(PL: 103dB)

CL: Corner loss  
PL: Propagation loss

5 m

100 m

100 m 

100 m

(a) Area by single channel        (b) Ideal area
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Proposal for communication system
- Running direction based frequency multi-channels (RDBFM)*) -

Ch2

Ch3

N

Ch4

Ch1

Ch2

Ch3
Weak signal

Strong signal
Ch1

Ch4

-Frequency band: divided into 4
-Transmitting frequency: pre-determined based on direction

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

0.7 MHz
0.4MHz GB GB

BW BW BW 0.5MHz

1.1 MHz

5MHz
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Advantages of RDBFM

-Separation between 
strong signal from straight road,  and 
weak signal (target) from cross road

-Dominance of target signal: 
target signal is the strongest in each channel
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Access in RDBFM

• Transmitter: 10dBm, Corner loss: 15 dB, Fading 10 dB, 640kbps, BER=10E-5

5 m

100 m

CSMA area 

Communication
 area 

Ch3 

500 m

Vehicle to be communicated
Vehicle to be detected for CSMA

-120

-110

-100

-90

-80

-70

-60

0 100 200 300 400 500 600

Distance (m)
R
e
c
e
iv
e
d 
po
w
e
r 
(d
B
m
)

Crossing road (Ch3)

Reception level (for Signal A)

CSMA level: 105m-16dB
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Example of power budget

Transmitting 
power
　10mW

Minimum power in 
Communication area
　　　‐98dBm

Minimum power in 
CSMA area
　　　‐114dBm

Margin　3.1ｄB

Effective 
radiative power
   15.2dBm

Thermal noise　
‐115.9dBm

System noise　
  ‐116.1dBm

Data reception level
　　　‐101.1dBm

(Eb/N0: 15dB)

(C／I: 16dB)

（cable loss
antenna gain)

（Propagation loss:　88.1dB
coner loss:　15dB, fading loss:　10dB）

CSMA margin　２.1ｄB

Siganl A

Signal B

（cable loss
antenna gain)
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Example of packet success rate

• Packet success rate: > 90 % at 640 kbps
(Transmitting rate-10Hz, velocity -60km/h, vehicle pitch-26.6m, Channel: Ch3
Evaluation*): success for travel of 2.5 [m])

0
0.1
0.2

0.3
0.4
0.5
0.6
0.7

0.8
0.9
1

0 500 1000 1500 2000

Trasmission rate（kbps）

P
ac
ke
t 
su
c
c
e
ss
 r
at
e
 *
)

4CH Multi-channels640 kbps
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Summary of specification
Application Intersection Collsion Warning
Specif ication

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

・Bandwidth for each channel
0.7 MHz

(Pitch= 1.1 MHz)
・Number of channels 4（RDBFM）
・Pitch of transmission 100 msec
・BER １E-５
・Transmitting power 10 dBm

・Power budget
3.1 dB

（Corner loss：15dB、Fading：10dB）
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Conclusion

• To avoid collision at intersection, 
Inter-vehicle communication system is proposed
• Signal level compensation:
Running direction based frequency multi-channels
• Possibility of out-of-sight communication: 
Not impossible, worth continuing investigation

-Power budget
-Packet success rate
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