A Study on a Driver Model considering Human Steering Process
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Abstract : There have been several studies to develop a realistic driver model in accordance with the increased interests
in vehicle safety issues and computer simulation for a vehicle design. This study is especially considering the human
drivers’ steering process; path planning, feed-forward steering, and preview feedback steering. Important human
factors—view angle and neuromuscular system—are also regarded. In overview, target path is obtained in analogous to
the planar motion of a rigid rod under holonomic constraints. Feed-forward steering model is based on the vehicle-road
geometric conditions. A PID type preview control scheme is considered for feedback steering. The suggested driver
model is simulated with CarSim vehicle model in Simulink environment. The simulation results are compared to the
actual vehicle test data and also to the driving simulator test data with regards to 4 levels of human drivers. The driver
model suggested in this study represents the human steering behavior and also matches well with the real vehicle test
data.
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Figure 1. Driver preview weighting tendencies
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Figure 2. Weighting strat‘egies for a curve
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Figure 4. Vehicle-road geometry for feed-

forward steering
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Table 1. List of driver parameters

Parameter Unit Description

Preview time for target path planning

Py sec

Weightings on multi preview points for
feed-forward steering in normal
situation

W\eightings on multi preview points for
feed-forward steering in abnormal
situation

Curvature limit for feed-forward
weighting strategy and defining
normal/abnormal situation

Pure time delay for neuromuscular
system

Time constant for neuromuscular
System

Natural frequency for neuromuscular
system

Damping coefficient for
neuromuscular system

W\eight on feed-forward steering for
final steering command

=

T, sec
T, sec

w, 1/sec

59 29 7

td
olN

FYSHE B

Sl3to]



CarSim-RT, RT-Lab, NI-6071E, CTP position sensor, 3.4 Addolg ¢ vl A AF

NEC beam projectorE ©]-&-3}>] Man-In-the Loop = Figure 82 FAAE LS W3A7|HM BREHRES
A EH I HE T8kl HE3E Blo)nt. LO] AoAdss oS F=ga, &
S FYPARE AE F UE AE AT 5 Q.

3.2 A w3 A7

FHAEH O £ RHS 93 15,4914
LCD ®UE]9] #/9-=¢] LEDS AX|3le] A}
Auk 2o F F AA, o= LED7} Fed

.
1

= Aol A BlAES WEAT). Figure 6 ¢4
E Aaguelt,

 Figure 8. Different target paths obtained by varying
preview time for ISO lane change maneuvers

Figure 6. Driver response test for neuromuscular Figure 9= F =¥ 9= ZuhS ALEe £3%) =g
o

system o] x3k7kS BolF 1 9lth. Weighting strategyol] Tt}

B 23499 W97t 2w, ke 239

3.3 4% =Y 9 2 23 7t Gk fARAR, A mRAA ARox

Ak A4 29E H5E 48 22BN g Sasle gloane sy zg] destths
Ql Simulink/CarSime gate] AlEdlo]ld at3lom, o o 2 or)

A} RS CarSim databaseo] e AWHEQl &
g A o] g3ttt E2271S Figure 7914=
i#u}g} o] 1SO Lane change maneuver 7|53} &

SN i __
& e & @ i I
Out !
e e e o o —
e @ i .
3.6m
i o =
® o o o ] '~
30m 50m 30m = E ot
_—— sesee | |
i Hm) xmh
W: Vehicle width . . . .
W*1.2+025 Figure 9. Steering wheel angle input of single lane
ef e change maneuver using only feed-forward steering
W*11+0.25 =
T ‘ Figure 108 J =] 23uhs ARESF 32 Elo]
soe & 80 88 xynn. FroA AdSUANNE $548 4%
15m 30m 15m 25m 30m % HO] 9\}\ ]U]— /‘]X'ﬂ ?_]_7"_]_'9/] &%%ajﬂ-% 7—‘IE]

Figure 7 ISO single and double lane change 7} W= A8 27 < 4 o).

maneuver



Stnering whast angin (deg)

¥ gmi

Stwaring whasl angie {deg)

LA LR L]

Figure 10. Steering wheel angle input of ISO lane

change maneuvers using only feedback steering
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Table 2. Driver parameters used for each level

Professionals(K;=0.9) EXPERT(K;=0.85)
i K Ki i K K
1 0.05 0.20 1 0.05 0.30
2 0.15 0.30 2 0.15 0.25
3 0.20 0.25 3 0.2 0.20
4 0.25 0.15 4 0.25 0.15
5 0.35 0.10 5 0.35 0.10
Intermediate(K,;,=0. 8) NOVICE(K;=0.75)
i K K. i K K
1 0.1 0.35 1 0.15 0.40
2 0.15 0.30 2 0.2 0.30
3 0.2 0.20 3 0.2 0.20
4 0.25 0.10 4 0.2 0.10
5 0.3 0.05 5 0.25 0.00
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Figure 11. Comparison the driver model performance
to actual tests on a single lane change
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