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Fuzzy-Neural Modeling of a Human Operator Control System
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Abstract : This paper presents an application of intelligent modeling method to manual control system with human operator.
Human operator as a part of controller is difficult to be modeled because of changes in individual characteristics and operation
environment. So in these situation, a fuzzy model developed relying on the expert's experiences or trial and error may not be
acceptable. To supplement the fuzzy model block, a neural network based modeling error compensator is incorporated. The
feasibility of the present fuzzy-neural modeling scheme has been investigated for the real human based target tracking system.
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Fig. 1. Manual controller of the target tracking system.
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Fig. 2. Structured model of the hurnan operator.
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Fig. 3. Human operator model using fuzzy-neural networks.
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Table 1. Fuzzy inference logic for human operator model.

FEHH | Ixed [aHexust] &=y
1 NB Smalt Leftl
2 NB Midium Left2
3 NB Large Left2
4 NS Small Center
5 NS Midium Lefil
6 NS Large Left2
7 ZE Small Center
8 ZE Midium Center
9 ZE Large Center
10 PS Small Center
11 PS Midium Right1
12 PS Large Right2
13 PB Small Rightl
14 PB Midium Right2
15 PB Large Right2
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Fig. 8. Fuzzy inference rule.
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Table 2. Parameters of the human operator model.

24 dejuiE AAHPY
Crossover 2.9 K= }roz’ (? 1: 0.3
oh _'01 g5 mdpz
Ny FSHAE
Gz 2l b=0.02~0.07 e mTH
k=0.15~0.22

WA | aEdE 4

64 5%
59l | 15 inference logic A

Al H E
A 417 R =9 5
f=2e) A AT mputs, 1 output Flomol— a] =
é 1__oo~F 2 layer PP _—}'\:i E-‘—_'E]tl
= A& eAu

back-propagation

Ho - Ass - AARBS =24 M 13 &, H 5 5 2007. 5

dolsie 44 FEEAFHLA g DEAGIA
2847} o) 29 EAE AU FAT. A7
7] WS A7 AL @) APFPAF wE
el @ ARe A7 79 12 8 137 2o 54
BT ol2)7 sigke] VAN L8R BAWA &
Ase A9 AXsh X AT olgste 912

7t Har)h HES FAYRE FRP) Azdoly 248

handle positien

timejradis]

Oy 11, 72 2dy Ay da
Fig. 11. Test results of human modeling using structure model.

Handie positionfdisturbance)
002 T T T T v

a5 1

oo E

0.005 4

posiion
£

L0081+ i

-0.91 E

0015 4

020G 1000 1B00 2000 2800 500 9800 4000 4800 Eo0D
tirog

29 12. T8A S oB5EA.

Fig. 12. Disturbance of the operator's handle.

Agel ofgt
oae 1 e T T v

.04

eRees

o
T

Loz

Gyro outpulfrate)

=3
2

Q08T

D.08

.1

o & i 15 0 % 38 3 a8 a5
Time

T17 13, zlEke] o HFEA

Fig. 13. Disturbance of the vehicle.



Journal of Control, Automation and Systems Engineering Vol.

degres]

% 10"

Position

-~ Ref. a
—-structure
—— Fuzzy-NN
— - Fuzzy

1 \ . n L . ) . L
500 1000 460G 2000 2500 3000 3500 4000 4500 S000

tirmefses]

29 14, AFA 914,

Fig.

T3 EAE AL

Table3. Results of the simulation(case 1).

14. Target position while tracking.

S HA57 wa[RMS]

P IEEENIEEE I EEE T
1 0.0033 0.0026 0.0035 0.0035

2 0.0044 0.0035 0.0043 0.0043

3 0.0060 0.0045 0.0064 0.0063

4 0.0074 0.0055 0.0070 0.0072

5 0.0087 0.0065 0.0088 0.0087

6 0.0100 0.0075 0.0101 0.0100

7 0.0113 0.0085 0.0102 0.0110

8 0.0138 0.0106 0.0144 0.0139

-
3t

4. BoAE AR 2.

Table4. Results of the simulation(case 2).

A $AZA BARMS]

4[4 984 |72 2d[9HA w9 [AAr= wd
1 0.0033 0.0026 0.0035 0.0035

2 0.0059 0.0045 0.0062 0.0061

3 0.0087 0.0065 0.0079 0.0082

4 0.0113 0.0085 0.0119 0.0112

5 0.0139 0.0106 0.0138 0.0139

6 0.0191 0.0146 0.0196 0.0192

7 0.0274 0.0206 0.0269 0.0273

249, E FEIR,

2R RASE BYFS

ol-&

st b Al AR £8RY HA-E 2l

% Algalol g STk 2

g A2 A

Al sk wulel ANgHold 9x 9z FrhEt

A g -8R o] EAe
A A7 EAE BAE FRBe AP
S FHsh= Y= 19 149 2k
o] FF4 2do @€ AE Holm
FE 2de yxnde] AE wAs
2dy AAE BRoFa 9ok
EENA He3 HA-HE 2l 24848 Bo|x

FAREUA 71E
T:I'~ ‘i‘l’Eﬂ:

=
<

Qo
i
i=h

L

-

FEFRGH
8 A5 %

ZHEE} A|7o]

13, No. 5, May 2007 479

oo

0008t b
— Structured model
e Fuzzy maodel B
—— Fuzzy-Neuro model

0.007 [ b

ks :f

8.006 - b
8005 b
0onar i

DU QA RMS]

0es -
{.0021
BOOT

2 15. 298 24} 1.
Fig. 15. Modeling error(case 1).

%",Wa' 9%?(—’5" SR B ek

— Structured maodel
- Fuzzy model H
— Fuzzy-neuro model

28 16, 2l

Q32
16. Modeling error(case 2).

Fig.

A T8 13 22 xHFFHAAY A &AMt i’cﬁﬂ
FEAe7]e ndg ARE ohdst Aldxdeg Bla
Z3ATE wA, A &R gk BAYX A} meu
Fuprt Wst g 7 mdd RASAREe 39 7
ok F, A 282 S N 2dy &= HA-
2 meo] 71} A4S oS 9,11:} W, ¥ 4= 9
§27} FEokhe RANA 2] AU} g &
A S8R BARE RAFAYER 2 2] B
ZF NE3AEE B a gk $37e] YRt &
fx 7] Bdy A7 Hot AA-wE 2de 4 &8
2ol 247 207 et

E 33 49] AEAME 74 Uy T30 "t A &
Alope] md oxE AePE 19 159 1607 TP
th 2d=® oxte] mVE XNy HA-FdE »dy A}
71 e B APEAE Folo] RoFa

|

N

l

o B o :tr
> r-{o

V. 848
Ak $§A] AT FEANNLHE 2874 A 5

AlzEle] Wl o mdy Q7
o] g4 gt meby, B =goME
3 FEAA LS AP X



480

2 AAE HARdE 73 & =mdo] wHEe o
£ AAdERor AT A ETL
A ER AAEle] WFe) A22ng AZEte] Rdy Qx5
Haslehe S g
71Ee] 34 Fnde g HEe
AEMe R HIHHE ZAAs ok 3= WHe
w=EolA HE3 HAAAFREY T2 REe HA
25 o] &3 nAde s ®FHO ol
5ol me mdy oxEgos eI FAl
T8 JhsEtath AXE 2dY e Bede
Al 7S 2 g8 5 FAFHZA A g ohgs
A& FP8taL o] HolHE o]&st A&l
P2 FPsPch AP BEREY FHApL WEshe
Folo] wstel 3719 wglr Rt FAstgon, zt
AlgEE s s FARE ndy oxE HlwaEkych
HARdE A9 712 7 84 Bde $FA0)7)
o] 484 FVF B A0 dFel Y AW 2
A BAew A AeE FTHNE F ATk

e
L ® jo
_>‘.1_1‘

NA r}m _ilm

]

o

LR

[1] D. T. McRuer and H. R. Jex, “A review of quasi-linear
pilot models,” IEEE Transactions on Human Factors in
Electronics, vol. 8, pp. 231-249, Sept. 1967.

[2] D. L. Kleinman, S. Baron, and W. H. Levison, “An
optimal control model of human response, part 1:
Theory and validation,” Automatica, vol. 6, 1970.

[3] D. T. McRuer, “Human dynamics in man-machine
systems,” Automatica, vol. 16, 1980.

[4] J. M. E. Van De Vegte, P. Milgram, and R. H. Kwong,
“Teleoperator control models: Efects of time delay and
imperfect system knowlegde,” IEEE Transactions on
Systems Man Cybernetics, vol. 20, no. 6, pp. 1258-1272,
Nov./Dec. 1990.

[S] M. R. Anderson, “A model of the human operator using
sensitivity function shaping,” Proc. of the American
Control Conference, June 1994.

[6] S. Lee and H. S. Lee, “Modeling, design, and evaluation
of advanced teleoperator control systems with short time
delay,” IEEE Trams. on Robotics and Automation, vol. 9,

ol 4 A

19909 ARoe A7 24,
19929 F oSkl AL 199293
St TA YA, AR}
EoAsE A Y RdE, HARE

o), ANAEH ], HAA] 5

MO - Ks3k- AIABSS =24 M 13 &, Al 5 & 2007. 5

no. 5, October 1993.

[71 T. Takagi and M. Sugeno, “Fuzzy identification of
systems and its applications to modeling and control,”
IEEE Transactions on Systems Man Cybernetics, vol. 15,
no. 1, pp. 116-132, 1985.

(8] M. Sugeno and T. Yasukawa, “A fuzzy-logic-based
approach to qualitative modeling,” IEEE Transactions on
Fuzzy Systems, vol. 1, no. 1, pp. 7-31, Feb. 1993.

[9] E. Kim, M. Park, S. Ji, and M. Park, “A new approach
to fuzzy modeling,” [EEE Transations on Fuzzy Systems,
vol. 5, no. 3, August 1997.

[10] S. Shao, “Fuzzy self-organizing controller and its
application for dynamic processes,” Fuzzy sets and
systems, vol. 26, pp. 151-164, 1988.

[11] R. Tanscheit and E. M. Scharf, “Experiments with the
use of a rule-based self-organizing controller for robotics
applications,” Fuzzy sets and systems, vol. 26, pp.
195-214, 1988.

{12] M. Sugeno and K. T. Kang, “Structure identification of
fuzzy model,” Fuzzy sets and systems, vol. 28, pp.
15-33, 1988.

[13] L. X. Wang, “Stable adaptive fuzzy control of nonlinear
systems,” IEEE Trawnsations on Fuzzy Systems, vol. 1,
no. 2, May 1993.

[14] S. Horikawa, T. Furuhashi, and Y. Uchikawa, “On fuzzy
modeling using fuzzy neural networks with the
back-propagation  algorithm,” IEEE Transactions on
Neural Networks, vol. 3, no. 5, Sept. 1992.

[15] 3. S. Roger Jang and C. T. Sun, “Functional equivalence
between radial basis function networks and fuzzy
inference  systems,”
Networks, vol. 4, no. 1, Jan. 1993,

[16] J. S. Roger Jang, “ANFIS: Adaptive-network-based fuzzy
inference system,” [EEE Transactions on Systems Man
Cybernetics, vol. 23, no. 3, May 1993,

[17] Z. L. Liu and J. Svoboda, “A new control scheme for
nonlinear systems with disturbances,” /EEE Transactions

IEEE  Transactions on Neural

on Control Systems technology, vol. 14, no. 1, January
2006.

o =
m WL

1978 Aetf AREEH EQ. 1980
9, 19849 F=ashr)ed A71AR
FEN(F AL, FEFERAD). 19841~

A FEish A7IFERFAFTE 0
, g S 41989 2991990 29 WA 3
U T Yoiskw w1993 129~199%

{29 =9 Fkeay ATt 9@ 2E=3IPA) IFA
HEATY. 1973 2€~1998 29 A ELo} FYPohst
a(djojd]2) M BBk AdFFA o], AMAE

e, 1T 7igk 28, FHA2H 5



