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The modeling of human/machine interaction involves hoth the dynamics of human response to achieve task demand and the machine
compensation dynamics acquired in advance by hard practice in the machine control. This paper presents the human motion model
X"'=a—Cx" to achieve task demands derived from Weber’s Law of stimulus/response and the human motion control model consisting
of the human motion model x"=a—Cx" and the inverse model of the target machine and it can apply broadly ranging from control of
cars, aircrafts, ships and spaceships. As a control example, the model controls an instability vehicle maintaining desired high cornering
acceleration under large slip angle run in a fully nonlinear vehicle computer simulation of CarSim with MATLAB/Simulink.

1 AOESHIE
1—1 EEERIE) N T HET D

HOTEINSL & LA ATH, TOEOTTOIEDHE

[ZHELT2D, — B O BIZEN LK U &2, FA2H
o> TND,  —HICHFTEADMHELSONLIELE

DIE TITIT D DIE, T ORG24 5 (A3 FA 2 HITHL
FIAENTND D,
OB DF TR o TWDH DN,  HETHNT
DIEFELY, FEROFERHZ ELEZ VO, B
EE—YT I b, N— b —=_UDOEFHENDNEE . T A R
A — b OFNNEECEB IR T O D IDLE D Toihvd,
INTELBWVATYS, DAL U I505,  Hb
S TWRWDIZ DD DX, fEF SN TR BEROERH
- CTHEEX RIFCEEOWZEL, LOREEHEX TE
FNTL D005,
KANDFERETDHRESLANIEHEFOR, HS 2 K2 T
ST, TLTELEBEHNT, R UIEND LOIZET
W27 h,  HEOay ha—RERRIZR D & BT R
BRICHRER L. BEhE, RATHE. e ST ThRnL 3y
ra—LLTLE I,

RO THIREREZE TTF v 7 LT, RNT B T A

ZEET D, TIv e FU— - Fxv 7 EEDNDN,
BOF = v VBERENEE NN DITHDD, 206, K
ONFHEER CTH#R 0 IRT D BIATE 272D,  FETH. B

BRELICIRIL, FHUICLIEND LD IT2 D,

1—2 FEREIHA LTz A ZER)

Ty T —HOKERTICYH, ETES, ZLUTESICH
BT JTTHATIENR DD, I L7220 s 7Ol
PE, 52T T2 & X070V, DD LTV D0k
OFREMHER E TR 22 TORMN, 2y 7%

TR, B B2 EZ S > THho Tk 3
bbb, TORAERWERS BT X HICh, ol
B, JIOAILE 9 23720,

. THOEBA~OROH LE2FE LT, THETAICEIE
Fhien) EEbhvTWe,  EECMEDOa Y hr—/L
TIIHEMRRIAMLET, ZNHOED Y TIVH A LD
b 2 — U IERRIN A AT RE,

BREICA DY CHEEZ 2> b r—/L3 % HOMEER T,
TR CAR Y 4 RV HAT O 25 > 7=, S8RV O [A
HEMENMIA L 102D, EIRICEN T B L, RIABRTH
BE ZFRNCHE EETCWDDOT, ERTHANHKD,
WA TEIRNE D 7 @ RO M, i s sl
Fox DITENDEHEAD HAAIRTH Y S>> T DRHLTH B,

Human Motion

m arget State

Initial State *(X.V)

Inverse model to realize target state
(X,V) calculated in advance.

To realize the smooth movement
adapted to sensory/motor characteristics
on the way to the target state.

Fig. 1 Conditions of the Human Motion «
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Fig.2 Human motion control model is consists of the human
motion « and an inverse model of the control target.
Human motion « go through the inverse model to the
control target then dynamics of the control target is
compensated and motion « is achieved by the control
target.
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Fig. 3 Derive a Human Motion Equation from the Weber’s Law
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Fig. 6 Realize the target state (XT,VT)
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Equations and Parameters of three Cars
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Fig. 7 Simulation of the Human Motion X''=a — CX' driving
through traffic environments maintaining a posted speed
limit, desired following distance from a lead vehicle and
traffic signal.
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Fig. 8 \ehicle Dynamics: \ehicle Inverse Model
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Fig.9 MATLAB/Simulink Human Motion Control Model drives
the CarSim vehicle.
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Fig.10 Human Motion X"'= @ — CX' achieves lane change with
smooth acceleration during the control and precise 3.5m
lateral offset from the original lane. Upper photo shows
0.8G sever lane change by X''=a—Cx'.
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Fig. 11 Human Motion X"'= a — CX' controls skillfully a car in
high speed cornering with bumps causing car jumps and
unsteady bounces, yawing, pitching and large slide.
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