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Autonomous collision avoidance system
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Driving lane 
data 

Risk potential computation

In-wheel-motor
torque

controller
In-wheel-motor

Steering servo 
unit

Vehicle

*
_

*
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Emergency
braking

Steering wheel 
controller
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Path following

Obstacle
detectionLIDAR
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Host vehicle  position

Generic overview of autonomous collision avoidance system 

based on risk otential estimation

RAVEL-II 2.3.1 COMS

2.3.1 COMS

2.3.2 RAVEL-II

Micro Electric Vehicle (COMS)
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2.3.2 COMS 2.3.1

  

Inverter

Vehicle
ECU Charger

Auxiliary
battery
(12V)

In-wheel
motor

In-wheel
motor

Motor
ECU

Power
MOS
FET

Main
battery
(72V)

Schematic diagram of vehicle system (COMS)

 Main components and features (COMS)

ECU

2

ECU

ECUECU

FeaturesMain components

ECU

2

ECU

ECUECU

FeaturesMain components
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2.3.3

2.3.2

DC

DC

In-wheel motor



2

20

Specification of In-wheel motor

[kW]
[kW]

[r/min]
[Nm]
[Nm]
[kgm2]

6.267
0.29

2
700

100
0.028

2.3.4 RAVEL-II 2.3.3

SICK

ECU

dSPACE Digital Signal Processor DSP (PC)

Accelerometer and
Gyro sensor unit

PC & DSP

In-wheel motor

Steering actuator

Laser radar

Rotary encoder

Device layout of experimental vehicle RAVEL-II
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Specification of experimental vehicle
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dSPACE Digital Signal Processor DS1104 R&D

CP1104

2.3.5 2.3.6

A/D D/A Digital I/O

D/A

Control Desk dSPACE

DS1104R&D controller board

CP1104 controller panel  
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2.3.7

2.3.7

DSP DSP

DSP   

(b) Schematic(a) Aspect

Servo
amp

Steering
wheelServo motor

DSP

control

measurement

Servo motor

Servo amp

Steering wheel

Schematic of steering servo unit

16

65536/ 1/9 1

0.5 (2.3.1)

360 1 0.5
65536 9

[deg]       (2.3.1)
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2.3.8

ECU 2.3.9

ECU ECU PC

  

Vehicle ECU

(a) Original system (b) Modified system

Vehicle ECU Potentio meter
(Accelerator pedal)

other

Vehicle ECU Potentio meter
(Accelerator pedal)

other

PC&DSP

Modification of wiring for vehicle ECU
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2.3.4

Relationship between state variables and sensors

SensorState variable SensorState variable

(SCA320-N1000040)

(SCA610-D24T41)

(STD-8:ASIC2)

2.3.10 2.3.5

2.3.6 2.3.7

1 , (ESC)

2
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Combined sensor (Gyro sensor and accelerometer)

  Common specification of acceleration and yaw rate sensor

Specification Value Unit

(Vcc) 5.00 ± 0.25 V 

8.2 V 

-30 ~ 80

150 g 

  Specification of acceleration sensor

Specification Value Unit

14.7 m/s2

0.5Vcc V 

0.2Vcc V/(9.8m/s2) 

  Specification of yaw rate sensor

Specification Value Unit

±100 deg/s

0.5Vcc V 

0.04Vcc V/(deg/s)
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DX220A-9

2.3.11 AC 2.3.8

AC servo motor

Specification of AC servo motor

AC100-115 V
-15% ~ +10%

200 W

-10 ~ +40

333.3 rpm

555.5 rpm

4.9 Nm

14.7 Nm

0.135 10-4 kgm2

219 10-4 kgm2

2.3 A

6.9 A

3.3 kg
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DXDV020-A

2.3.12 2.3.9

Servo amplifier

Specification of servo amplifier

/

500 kHz

1 /  2 /
3 90 2

90 2

16 ~ 16384 /rev

10 0.4V ( 30mA)

10 V

10 V

DC24 V / 0.3 A 

DC24 V / 10 mA

-10 ~ +55
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LG-916

2.3.13 2.3.14 2.3.10

  

Rotary encoder   Reflection mark

Specification of rotary encoder

Specification Value Unit

12 2 V 

0.6 m/s

-10~60

20 mm

21(W) 24(H) 117(L) mm
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TM-3130

2.3.14 2.3.11

F/V

Digital tachometer

  Specification of digital tachometer

Specification Value Unit

AC100~240 V 

12bit D/A - 

% 

Hi 4.5  
Lo 0.5  

V 

0 ~ 50 

96 (W) 48 (H) 148 (D) mm
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LMS291-S05 SICK

2.3.15 LIDAR 2.3.12 LIDAR

LMS

Laser rangefinder

Specification of laser rangefinder

V24 15%

W20

-30~+50

kg4.5

mm10

ms53/26/13

deg0.25/0.5/1.0

mm35( 1~20m)

-RS232

deg180

m80

UnitValueSpecification

V24 15%

W20

-30~+50

kg4.5

mm10

ms53/26/13

deg0.25/0.5/1.0

mm35( 1~20m)

-RS232

deg180

m80

UnitValueSpecification
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,

180

80m 2 180

,

2.4.1

1 90 2.4.2

( )( )

( )

( )

Pedestrian detection in intersection
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1 ; < 180 ; = +2

end of loop

<

2=( ( ) ( 1 ))2

       +( ( ) ( 1 ))2

== 0

NO

YES

YES

YES

end of loop

<

2=( )2

          +( )2

<

end of loop

NO

NO

YES

YES

end of loop

NO

NO

START

END

sin
cos

sin
cos

1

YES

NO

YES

NO

Flowchart of pedestrian detection process right turn maneuver 

2.4.3 0 , 0
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2.4.1 R
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Analysis result of moving objects in Region of Interest
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Condition of pedestrian crosswalk

0 0.0 m 

0 -5.0 m 

10.0 m 

2 m 

  

2.4.4 1

X

, 2.4.5
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1 1=0.5m
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D
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Displacement X [m]

Laser radar data association
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(a) Raw data

(b) Processed data
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2 2

1= 2

2 2.5 3 3.5 4 4.5 5 5.5 6
-5

-4.5

-4

-3.5

-3

D
isp
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ce

m
en

t Y
 [m

]

Displacement X [m]( )( )
Displacement X [m]

( )
( )

D
is
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ac

em
en

t Y
 [m

]

  Calculation of pedestrian velocity

(35) (36) 2.5.1

(37)(38)(39) (40)

(41)(42)(43)(44) (45)
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2.5.1

2.5.2

2.5.2

*
_

*
_

, 2.5.1

*
_ _    2.5.2

(a) Without obstacle

(b) Obstacle avoidance

One example of simulation results using potential field concept
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* *

2.6.1 2.6.1

2.6.2

1

_ 2        (2.6.1) 

        (2.6.2) 

2

1-wheel rotation model

2.6.3

         (2.6.3) 

2.6.1 2.6.2 2.6.3 * 2.6.4

*
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* ECU
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LIDAR
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5

5.1

5.1.1 5.1.1

Fig. 5.1.1 Snapshot of near-miss incident database
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5.2

5.3

5.4

5.5

5.2

4

  

5.2.1

( )

( )

Obstacle
(Parking vehicle)

Ego vehicle

Fig. 5.2.1 Pictorial diagram of pedestrian dart out scenario
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5.2.1

5.2.2 4 ID94

5.2.2 0

0

Drf 5.2.1

1( , )
( , ) 5.2.1

driver E2
driver E3

-30 -25 -20 -15 -10 -5 0 5
-2

-1

0

1

Longitudinal Distance [m]

V
eh

ic
le

A
cc

el
er

at
io

n 
[m

/s
2 ]

-30 -25 -20 -15 -10 -5 0 5
0
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 [k
m
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]

Fig. 5.2.2 Measurement data at intersection ID94
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5.2.1

5.2.2 5.2.2

5.2.3

2 21
2

5.2.2

2 21
2

5.2.3

5.2.1 5.2.3 5.2.4

5.2.5 5.2.6

2 2

2
5.2.4

2 2

_ 2

2 2

2

2

cos
2

5.2.5

2 2

_ 2

1 cos
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5.2.6

5.2.2
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2 2

_ 2

2 2

2 2

_

1 cos
2

cos
2

2

_ _
1

     5.2.7

5.2.7

0

100m 20-70km/h

5.2.3 5.2.1

5.2.2

Table 5.2.1  Simulation condition Table 5.2.2  Control parameters 

Symbol Value Unit

0 0.0 m

0 0.0 m
100.0 m

0.0 m

Symbol Value Unit
2.0 m
20 m

0 20.0 ~ 70.0 km/h
0.0 m/s
400 kg
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Fig. 5.2.3 Simulation result with changing 0 

( =Constant)

5.2.3 5.2.7

5.2.2

5.2.8
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5.2.8

(5.2.8) 20-70km/h

5.2.4 1-5s

5.2.5 5.2.1

5.2.3 5.2.4

5.2.4

5.2.5

Table 5.2.3  Control parameters Table 5.2.4  Control parameters 

( = constant)  ( 0 = Constant)

Symbol Value Unit
2.0 m
1.5 s

0 20.0 ~ 70.0 km/h
0.0 m/s
400 kg

Symbol Value Unit
2.0 m

1.0 ~ 5.0 s

0 30.00 km/h
0.0 m/s
400 kg
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Fig. 5.2.4 Simulation result with changing 0

( = constant) 
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Fig. 5.2.5 Simulation result with changing
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5.2.3

5.2.6

5.2.9

5.2.10

ˆ

ˆ ˆ (5.2.9)

2
_

_

ˆ2
 (5.2.10)

( )

( )

()

Conflict
point

ˆ

ˆ

Obstacle
(Parking vehicle)

Ego vehicle

Fig. 5.2.6 Pictorial diagram of predictive virtual point
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5.2.11

ˆ
                              5.2.11

5.2.12

2

2
                                                   5.2.12

5.2.5

5.2.7 5.2.9

Table 5.2.5 Simulation parameter

Symbol Value Unit

0 30.00 km/h
1.5 m/s
0.5 m
-0.85 G
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Fig. 5.2.7 Simulation result with changing
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Fig. 5.2.8 Simulation result with changing
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Fig. 5.2.9 Simulation result with changing
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5.2.4

4

5.2.6

5.2.10 2.75m/s(48)

  

Table 5.2.6 Risk potential parameter setting based on expert driver’s data

Symbol Value Unit
4.75 s
1.0 m
2.75 m/s
0.7 m/s2

-1.7 m/s2

Driver model with hazrad-anticipation
driver E2
driver E3
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Fig. 5.2.10 Comparison to hazard anticipatory system and expert driver’s data
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5.3 

5.3.1

(HORIBA ) 5.3.1

2006 2010 3

2010 10

2011 11 15

56,208

1~2

0.45G

0.45G 10s 5s

(21)
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Fig. 5.3.1 Event recording drive recorder

5.3.2

5.3.2 5.3.2

5.3.2

ID 19122 H 1.25

ID19123 H 1.31 S T

5.3.1

5.3.2

5.3.3
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Fig. 5.3.2  Screen of distance measurement tool

Fig. 5.3.3 Coordinates of distance measurement tool
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5.3.2

56,208 (2011.11.15 )

5.3.4 5.3.1 5.3.1

18

&

&

30km/h

Table 5.3.1 Accident and incident data for quantitative analysis

Searching condition Objective Cases for searching Total number of cases
Pedestrian 0 15

Bicycle 4 44
Pedestrian 1 28

Bicycle 13 123

&

&

Fig. 5.3.4 Screen for searching

accident or incident data
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5.4

18

5.4.1

5.4.1 5.4.1

0

0 0 0

0 0 0

0 0

5.4.1

5.4.2 8.33m/s2

12m/s3 (14)

3

0

0

0

0

Fig. 5.4.1 Pictorial diagram of simulation condition
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Table 5.4.1 Accident and incident data list

No Time Condition Objective Type of impact Data ID
1 18:50 Incident Bicycle CR/CW 6302
2 2:29 Incident Bicycle CR/CW 21510
3 9:58 Incident Bicycle CR/CW 26851
4 22:11 Accident Bicycle CR/CW 31422
5 16:43 Incident Bicycle CR/CW/PC 32894
6 20:48 Incident Bicycle PC 33461
7 1:02 Incident Bicycle CR/PC 67366
8 12:37 Accident Bicycle OC 74958
9 13:00 Accident Bicycle CR/CW/OC 75989
10 13:56 Incident Pedestrian CR/PC 83039
11 16:46 Incident Bicycle CR/PC 84162
12 11:43 Incident Bicycle CR/PC 84451
13 15:26 Incident Bicycle CR 97003
14 23:00 Incident Bicycle CR/CW 112969
15 6:24 Incident Bicycle CR/CW 113007
16 22:02 Accident Bicycle CR/CW 124259
17 21:40 Incident Bicycle CR/CW 150456
18 12:03 Incident Bicycle OC 155051

CR: Cross Road CW: Cross Walk PC: Parking Car OC: Oncoming Car

Table 5.4.2 Control parameters setting for simulation

Symbol Value Unit
4.75 s
1.0 m
2.75 m/s
0.7 m/s2

-1.7 m/s2
_
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5.4.2

5.4.2 5.4.3

5.4.2

18 q 17

3

12

0.45G

18

5.4.2 j

6m/s2

17km/h

2.0m/s2
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(a) ID6302

Fig. 5.4.2 Comparison of automatic braking control system 

between the case of without hazard -anticipation
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(b) ID21510

Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation



5

139

-40 -35 -30 -25 -20 -15 -10 -5 0 5
0
2
4
6
8

Longitudinal Distance [m]

D
ist

an
ce

 to
Pe

de
str

ia
n 

[m
]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
0

5000
10000
15000

Longitudinal Distance [m]

R
ep

us
iv

e 
En

er
gy

 [J
]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
-3000
-2000
-1000

0

Longitudinal Distance [m]

R
ep

us
iv

e 
Fo

rc
e 

[N
]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
-8
-6
-4
-2
0

Longitudinal Distance [m]

V
eh

ic
le

A
cc

el
er

at
io

n 
[m

/s
2 ]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
0

10
20
30

Longitudinal Distance [m]

V
eh

ic
le

V
el

oc
ity

 [k
m

/h
]

Hazard-anticipation
W/O Hazard-anticipation

Reference velocity 

(f) ID33461

Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation



5

143

-40 -35 -30 -25 -20 -15 -10 -5 0 5
0
2
4
6
8

Longitudinal Distance [m]

D
ist

an
ce

 to
Pe

de
str

ia
n 

[m
]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
0

5000

10000

Longitudinal Distance [m]

R
ep

us
iv

e 
En

er
gy

 [J
]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
-3000
-2000
-1000

0

Longitudinal Distance [m]

R
ep

us
iv

e 
Fo

rc
e 

[N
]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
-6
-4
-2
0

Longitudinal Distance [m]

V
eh

ic
le

A
cc

el
er

at
io

n 
[m

/s
2 ]

-40 -35 -30 -25 -20 -15 -10 -5 0 5
0

10
20

Longitudinal Distance [m]

V
eh

ic
le

V
el

oc
ity

 [k
m

/h
]

Hazard-anticipation
W/O Hazard-anticipation

Reference velocity 

(j) ID83039

Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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Fig. 5.4.2(Cont’d) Comparison of automatic braking control system 

between the case of without hazard -anticipation
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between the case of without hazard -anticipation
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