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Abstract

Prior to the passive safety, the active safety is now
an urgent problem for vehicle safety. To improve the
active safety performance of vehicles, it becomes more
important to grasp the ordinary driver's behaviors for
considering a driver-vehicle closed loop system. For
observation of the driver's behavior, it is necessary to
reproduce driving situations and analyze the driver's
performance. In this study, three kinds of driving
simulators were newly designed and developed for

ooooo

examining the ordinary driver's maneuvers under
various driving conditions. These simulators were
classified into the standing type and the motion type.
The latter type was divided into 2DOF and 6DOF
according to the degrees of freedom for simulating the
motion. The features of individual simulators and their
application to driving maneuver analysis are shown in
this paper.
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Fig. 1 Driving simulation system.
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Fig. 2 lamge generation system.

(a) Curved road

(c) Highway scene

(d) Crossing in town

Fig. 3  Example of front view for driver panel.
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(a) 2seats driving system

(b) Driving cockpit system

Fig. 4 Insideviews of driving simulators.
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Fig. 5 Motion system of 2 degree of freedom.
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Fig. 6  Example of lane change motion.
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Table 1 Performance characteristics of three types of

driving simulator.

Motion Type
2 Degree of Freedom 6 Degree of Freedom

Standing Type

| Visual

i Projector System

View Angle:

110 degree | View Angle: 50 degree View Angle: 150 degree

Screen Area: 3mx7m
Distance from Screen: 2.5m

Screen Area:  1.5m x 2.6m
Distance from Screen: 2.5m

Screen Area: 0.8m x 2.5m
Distance from Screen: 1m

Cockpit

Parallel Link System

Real Whole Body
of Experimental VVehicle

Front Seats
from Cut Body

Driver's Seat
(Driving Cockpit)

Motion
System

%
."."."l.’.r Power Motor

Lateral: 4m, 0.5G
Rotation: 15deg., 130deg/s?
Power:22Kw(lat.)1.5Kw(lot.)

Lateral: 0.5m, 1G

Rotation: 30deg., 100deg/s?
Power: 7.2Kw(AC200V)

Fig. 7 Motion system of 6 degree of freedom.
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Fig. 8  Scenario examples for mixed traffic flows.

Fig. 9 Experimental scene of standing-type simulator.
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Fig. 10 Experimental scene of 2 DOF driving
simulator.

Fig. 11 Experimental scene of 6 DOF simulator.
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Table 2 Applicationsfor driver behaviour's analysis.

DStype Theme of driver analysis

1)Standing type | 1)Cognitive and visua ability of driver

4)Drowsiness estimation and evaluation

2)Simulator sickness induced visual systems

3)Human error analysis during convoy system

2)Half car 2 DOF| 1)Emergency avoidance maneuver analysis

3)Driver's aid system for emergency

4)Evaluation of human friendly operations

2)Emergency management due to control fails

3)Cockpit 6 DOF | 1)Cognitive sensitibity analysis of driver
2)Motion induced sickness

3)Phisiological analysis of driver's percception
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Fig. 12 Measured examples of following driving

condition.
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(b) Experimental results of avoidance maneuver analysis

Fig. 13 Measured examples of emergency avoidance.
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Fig. 14 Simulated motion by 6 DOF simulator.
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