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An Intelligent Control of TRack Vehicle Using
Fuzzy—Neural Network Control Method
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ABSTRACT

In this paper, a new approach to the dynamic
control technique for track vehicle system using
fuzzy-neural network control technique is proposed.
The proposed control scheme uses a Gaussian
function as a unit function in the neural
network-fuzzy, and back propagation algorithm to
train the fuzzy-neural network controller in the
framework of the specialized learning architecture.
It is proposed a learning controller consisting of
two neural network-fuzzy based on independent
reasoning and a connection net with fixed weights
networks-fuzzy. The
performance of the proposed controller is shown by

to simply the neural

simulation for trajectory tracking of the speed and
azimuth of a track vehicle.

1.4 &

A& A58 54 Ao A2Be Aolsta

gAY $ERRAS 9 e WY A5
o 2y YHoz ARAVH 2L S5
Nzge FEE A2EY £3RAN0] 1Ay
g Uergoza Basa grEs 3¢ 2%
B34S AR FahA 2= A9 Bk E
& Q2] AgHE 2AH AofY FS oSkl

2R ok ol THA Aoy
79 W] deY F Yomz Aol
FAHEE =i Q. 2 FE-A ol

—210-

A&,

+82-551-249-2590; FAX :
71ed 744 (TEL: +82-551-280-5533; FAX: +82-551-280-5535)
) 71 AA}E 315 85 (TEL:+82-551-249-2624; FAX:+82-551-243-8133)

A *k — ~ REE
FARe A3 d

+82-551-243-8133)

AN 2d HeFonny nHH Aojolg
FAQ S5 A Thede Bola Tt
gAY A2"e A4S Ade AxAF

A £ F4 Zdyo] a7HA @ 74
o] 4ol & F Qou2 HNIYANALL BE H]
AN = 94 388 £ e AHe A
I 7] WAl drEe F540] EAAF ujd
FA2=EE AoJstrle] HAFE AorPo=r =
Heldes g2 A7/ 1PH o HAA ]
BE °18F HAAR7IY AAAdE HX A 7]
9] 4 diojetet & dlojg, WM T,
A G Aol @t A7) HtuHE
< gFoof st "1733212“& ojgg AHEH A7
% Aole Z1&7Y BE A% ¢ndEE o8
3o RdYR FRS Q F e BHE AYH,
A4 Al B3 AAQ)HEd A we
$9E A F= o] 5Aoln. AT A7)
Yo 54L 4974 &Y E7} AR EE A
A Agrlee Qs F£ o ¥ AN
g e F gioh AREE wdgy, g, HEA
gl 9 AHe 7HAH, A7 sAEdA HAE
b Fajel oJEetA] AT wA7F BEH

9
A2 ¢ 3, A% Bge
==
—

o g

BANE 8T
].‘— zﬂ- /\])\E’ﬂ

uE 3 FUL BASRT
sl A% s AoEe

% BNz $49R o
ARYY AEe o
¥ olgw 311]21101%?11 ANARrE B
oz =4S Aojddols ¥ &

3o, BAEEe WA 13}7] o e
5l
A



AETH st FHHE THAEZREH AP
g e dojelz A AlojEe AT 4 9w, a7l
3 A9 2go) #dd AerHES B3] @
Zr}, old diEHQA HZ W] Zstedd 23t
w2 dukaly g 77 AARE dfed A
SE 7] wEo Aoldelete] Fejrt gle A9l
= A8" £ YPe EAC] sidh oA EI9 °l Al
otz HZ WL fAF Al EF ?}-r7} =53
7128 7 FAe AoRelE ©Y ¥4E o
Aol gsX FAE7] wiZe] Mddore A4
SRS AESY] 93 F70F0] SFHE Ped
A oleh 2L WS FA] ARz 47 wrelEla
vt w3 dAzd FEAA YA (uity)d) F=
HA RAEY F7t 7oz dFech £,
AERF Aojrlade] MFE oz 7FI{F AL
1 F9Q 7R 79 AR Aady Aes
AAME wi$ Fa3 J¢e x|l Azhech
2 AFdAe AxalFe] 554 AN € &5 -3
FAo)E Yila] gANGnEF 9% dFAAY
T2 D JH¢x A gy £ fAFEHE 3
£33 AN2E 729 FE-HAAY 7Ho] A¢H
3, ALY FE-FHAA 7Y o3 EAE A=
2% Aoz it 5T AFH AEH
ol Fitd ASdh

2.8 B

2.1 AEAF F5484
Aol HFehg FALZE AT £x=2 A

Y A$ olgd sHg HAsE Y& oS
2 RS 3

1) n7/h9] road wheel2 FY3 2= 52}

74 aAE e Y ARG g8 AA

FH9-o SA0Z wld Hol gtk

2) %Y CGE FFALE AW 7587

Zol] dx)g}

3) x}9] 51FEF = road wheel ol AF

EE Hoidoh
4) A%} W Apo]9] wh@L2 coulombd #HE
HWHg wEn op@AFE AR LTS

Pyl st
5) ¥7] Al ¥ F¥L TART
a9 1% 2e] Aol YW £E ML
$¢ ¥ W x, v 2% ASES 4 &2 0
omE Tt 2 LIRS AL F Utk

[XF, =
,2[ ,gaz;f—(RﬁrRz)—c, =0 6h)

[2F,=

;2:1 g:lqyii'_cy =0 (2

[22M,=01

Zl,z @yji+ X 3)
+g[ Z\(a’li*qxzi)_(Rl—Rz)]—DCy =0

A AdA g, AR mnPd o
npgEoeli, R, R,E AFY FF AF¥H, c,
Ce 4zt x, vyB¥Y 7Aoo,

AA ;5 9F road wheel2 FE 9 W30l

A3 A AF AR AL 1, v2FE AE
20]t}.

:11’

j
o 7

-

o
[+]

T

- - R
X 07
3

a/7| \ > x
- CCR [

[

a9 1 A=A A P 2E

A% AFe 2% 5L A9 7EAHY
B AFE BE AR FAUA AFY 3Fl
o9 X5l vt wat Fednh

A3 gEMAA o] Holels adlE A LT
o sAe) dubde] glm Ao A=A H
g o] Bz B AFqME EZE F
Fo] Ztzte] 2= YU(Road wheel) ol #%F
A AFEXE Ho] e Aoz s
Zq9 A7 E ALY F Ex7t AFH
o2 JdAsYE HAIYN HAFHo  gon
WEISSE 29 |Fold A3t AT 249
3% B EE point load2 A= Aol B A
B3 2A3E AALYdE RS 4FF v Uk
o3& s}l AA FHAM 4 2= F$
e 3F £¥E nesd 24 2.9 2

-211-



HEEE

of

a9 2. BAGHY

AFe CG7t &% Ax FAA9 7154
Fdo AxNtee, AF FFL W, FFEE
g P, @4

; P =W/ 2 @

tg?,;-i= (n+1)W/ 2 (5

AFo] A3 £x2 MY A9 A= F
2 2o W& (Tractive effort) 2 A EFd
(Bracking force) ¥ X v}i 7148 4+ glvh
Y =AM o] e AxY F g njuddy
o 93 AxS 9 Alo]9 niEAHe FHAY F
A%k S HAT

a9 3 AETEAFY A=A

M

a¥ 3% o) F ¢F& s e A
TEAF AEE = g9

F,= gl];ii) x W (N

Z+z+e] Sprocketdl &&= WL F & ZTom
2 AFE 4y £ AIAed 28HE

THL, &3 2ol gdeh

1% HAx : HPl = F4yx V/T76.1
HZ2ZE A% HP2 = F,x V/16.1 @&

Z2% 737t 5840 715 3% Differantial
Typed 24 943 &= A3 Hagd g
HP1 +HP2 °]t},

AgAA Az #g3s 593 F
g FFEE, A AHd o3 FFws
of dis Aesidct

A=AF zEFsEy F4HHA T I
w3l R4, AxY vnsdy @y 14
aEa AN, AANAL A=FAdolg) H
=2 A T AFY YRAFs BE xWRA,
FE&A%Rolling resistance), HE FAH
(propelling force)ol] &3 F3Fg wizt}

TEAYLE Hadxz FIPA vy e g
S Ztn A F FF 9HASEE R=7-Ww
2 gA%Y, old fe FEAY ArEs =9
274 wet d¥gH e zev o BE A}
e
°

oo

a8 ofy

aestel Ao HALEPRNL IFH
2 7% ¢ gk

211 ( Py—E;C,-BC,+ kiday .
= V X+ o

"

(9-a)
( _Pz, - E,’Cy— B,‘Cx“f‘ kgi)dz _ fW+ C,( =0
VXita “
2[ Py~ EC,~BC by
= Xi+al
VX (9-b)
Py—EC,~BCotky| . Cy _
VXi+dl ]x"+ PR
ﬁ:‘ P 1:i— E;Cy,— BiCot+ ks _
= \/X§+a?
Py~ EC,—BC,Hky, b i‘
Xi+d ]x 2 £
v “ (9-¢)
(Pi—EC,—BC,tk\lay _
VXi+at
(P o—EC,— BCat kp)ay ]+ (fr—d)C, -0

\/X§+a§

_3nt1-200 g _k
A7IN B= SRS Ej= e ol

-212—-



22 Aoy § %

2 dAFdN Add HAANA HAFE
< FARY HAFE EEF F42H HyE
F A desd EF FEWoIth AR, A4
A2 APHL FAx] HAFEY] EYY F
F7t AF7F A BE JA-Fy 24U E
oA o] HAAFY B nAaG, & AEE
(singleton)o] 2 weo] 7299 dxdr}. wehA,
o9 ivx Aojz e th&H o] & 4 Yth
H:If x, = M; and .. and =%, = M; then
I = N, and..and I, = N, (10)
A71A, HeE DA AFH e vehla, mE i
A AlojaolAN jHA jHdset s A
Fodxe] PGl N A Ao H 9
Mg i A BYPET FrE UE
W, AHEE 6 My, o Malx) S HESHH, A
P A Q& k& 2o Ao

Q= o Ma(x))* o Mp(xp)...* o Mu(xs) 1D

A & dales JEX Qo #3d N,

o 7bE HAA 2N g o] Asdrh
rr - -Ez—lfigl j=1,..n (12)

W ddrs tEe 4A7A% e dsrd

thate, (0,119 e Zhe tg9) E42 A3,

FQx) = (e“+1)7! (13

A7, we duth e ol
JolN FHE AT AAR BEE 2009
H149) &9 e ¥HFoA THE 5 Aok

F(x,) — [ea(bx,+c)]_1 (14)

4714, a, b, ¢ 2 dE A9 F5E vehdch
HA AIRO|= ARHTHE FA AtelE
F @47t Uug 7158 1 B Aazes &
UE 348 B3 A2 T4 g, A
wol e AHAUFE HEAY| A Fae) F
F5¢ 8TIUE AL P4 "ot g =W
e AL, 9B FWEANY B A(unity)F
o %t WA BBEY 47+ AYBA YPste
4 Q9o] Ytk WA-ARFAL BAUFEA A
g A2 BEEH AT 4 YT
F(x) = "% (15)

-213-

o] Agol thatel, AL o8 WY #
%9 F4e 19 400 e e 9714, a3
AFA @ = Aga Wl Ul FARE e
o/ EZ%E TAYRAA 9285 058
24 o, =¥H WA A9 e U,
BHoz, AFYH A1H AL o &HN o
&% 2o H9AF B4E UEd 4 9o

F(x,) = ¢ 1n(1/2) [ RLQ, x,~ G))? (16)

Qa C §0 55 (%)}
F

3]

(O

[N

$;} {Is

.C) O

)

Qe

~

M @M @ an

a9 4 AFRE o) &3 AL AR

A

a9 5% T 4 (x1,xz)'9’]' e &
g uhHdt A8 dedAg AR GEdEe] e
Ao dste] HA-NAT 74 dF £
oW, 2EE 4 e AT $E <R o
o a2y (VDF dstd 29 Po) 2|5 E Z
E d9Aunity)= 48 58 998 e 2
A%E AzaT

Px) = x7!} an

a8 5 wE-#Hx EHRY VETxE

A9l ad 59 (1) ~(V)ZL HAA |
o] Adsigdel AFsin (VD3 (DF L B &
gad. (1)Zd H8d 9898 xe A27FH



0.8 WY, (INDFAA 7)1A (Bias) 1 9447}
FA -2 (NMFAAM 7H5-2 o oz 4
A 20 3 FAADL (VIFAME BE Ao
S g APdoN JIA= @F Ao
(MDZ9 A @A (unity)lA 459 &
3} GALE FRFT B2, (DEHR (DS
A A Qo B 9,9 tEHIARZN 23
#e denh A7IA, o H3A0AAH Add
Nl g AA ABMFA &g 3 Yok

7= FUD X (a1 % (18)

1 = F()gttet! 19

il

it = FUDSA e e (20)

3. 294%

Atd Az AeAES HFH Al
B ol S F3lo FIPsh. FALHL A
9 g 2 devE e E2844E uT AH
A AZAFe &= F U Aol dF %
Adg 39y 1 AdAE B3 AN v
matgeh M1EEE v 300imm/sIEH FolR
3, Audse 27)3%L x= [000ITEH F9
Ak, AzzFe] EAHA AegugEL &As
A G A] @& Aoz F33 A Table
2904 BAR AN T Aol ehdEe| 7zt
dEAgo) 29 49709 AJAE AT F
o] EA AFFUEL ZAZ9 HA-ARFT o
#d 27 94 HEAE 9,28 F&HAJG A
9 gds F FHL o= -9-6-303609
olm, Ax 0,9 HAFEL FUIF [-9 9%
9 RE HAES EZo] BuEy) H39 EF
S Y A(unity) A oltk. B Al gd oA Z+z}
o] HA-NAGN dig AFdF kA o %
0,5 dAdM E2d ANYE Q4% sMFAE
< 1.0, 10, 1.0, -1.0 24 nAHA= 7148
A SEEAC AN, HA-AAEY e d2
HEAEL g5HA Ayt 5 0% 0,9 FqF
HE 2% 024 nAHch
JBAF o0 A AFAEY 712 30,
30, 45, 4522 RAHJR, BHEHlE =25 x

=7

10-3 2 RAYHAY. 9,9 IFue £E9 9y
Zve) distd 2z AUk F £59 BAH
HA-DRTY &= FHFHE £,=31 x 10-4 9]
, TR #AAE WX -NF G Pz &
HlE= =771 x 10-5 22 AR5t 43y A
Z2F57]1 Ad 271 £=71 0ln/s] 171 #
&5t 3gd £% 300[mm/s] ol E9EE
Zh&aol gl ol2{3 BAHoez RE, ©X
ZAot =gd #9d AE aAsx, vd
FZhe 27 U2 fAgY 974, x4
7t E99 %Y Aze 1, 2 Ueidg. @
g5 AEE A8y AR A Ao
o] 3blsl oJUi2 HUx, 943 JIFNEL B
Zhzbel AEY A7vigr A A 0.9
SE2HREL E 1LAA =ESEAT A E
; ¥, ¥ Lo Jerd zrigkso 9%
o 0, AUt olZHE, ApHe Alg#HH A
PFo TE2Y AjAHAES & T YAy
Alg#old Agd dolA Al HA d
setele] 284489 nyE Fo EE AL
AA He FARWAE 9 AAuiRd dig %
goly s FAA7IE $ge nyddy.

o)

2t
!

oA (R 2 o iy it Mo gy K
1o

A

rJ
2
2] o
o o

)

E L 71=A4 o0 A sgdan

271X AR EL B
+x( V) | 300 300 300.18 | 300.11
we(@ | 2578 |2578 |25 257.9

E 2. 79 Aojetdel oF 4971 AoJH

d d
NB |NM |NS |ZO | PS PM | PB
NB |9 |-9 -6 -9 -6 -6 -6
NM [-9 [-6 -3 -6 -6 -6 -3

NS -6 | -3 -3 -3 0 3 6

Z0 9 | -6 -3 0 3
PS -6 | -3 0 3 3
PM 3 6 6 6 3
PB 6 6 6 9 6

a9 6. 10%°] detviEe) E8AEE
el e A tE NFAlol7|e] SEHAASH s 4
d d3E Yehiia vk Asddds 10% o)
B ESUAYA Ho eHWFEZS o 03Bms)E
Rl 3, A AAIZ K settling time)E oF 0.12F VERYSL
Jrk T EEZ|EAF g FARM o]l v

-214-



FEIEEAFT Yok 3Y 7.2 0% 2o &
F44E 2T FEolA AR NFAlo)7]e] &4
A3H A 49 298 veEix o g 8
A4S 0% i@ Feiclir e AR NFAoJA 9
Hd SHFEZFE & 05m/s)E HEhS, AIARY
(settling time) °F 0128 YehlaL gt 19 8.2
15%9] wetne] E8442 323 A4 NFA
o719 WA AAFH s 4 2HE Hehlx Q)
o ASAEET 10% FeE 2844 o &
WFEZE o 000/(adE el AZARE
(settling time)E °F 03%F vehla ok F71A
BFANEAHN N FHgeo] Wi YIS B

oS3 Qi

__________

fbrence Traj .1

Brence Traj 2|

Velocity {ms)

o -

h - &0 N

|

3| @
Tracking Exror (més)
6 6 oo
s N O N &
°_Tj

1)
a

1
() Reference Trajectory  (sec)

(b) Reference Trajectory 1 (sec)
S 0.4 2
%042 [ A £, .-
S F £ v L3 Traj
I S S R SR R R
B
0.4 -1
1 2
(c) Reference Trajectory 2 (sec) (d) Tracking Performance  (sec)

29 6. 10%9] THein)E 9] %Q”é"é% Rt
NFA|o}719) SEAHFFE i35

N

1

[RI] £
- _/Reterance Teaj 1 = 05F----meoboo
= g
= 1
8 Refrence Tra 2| o
Bl R -] R A s s 3

of “ o5 3

{a) Reference Trajectory (sec) (b) Reference Trajectory 1 (sec)
z ! 2
= =
Y] IS S— £ <
= F £ _Traj .1
£ ° F 2 of-------- howEEC
R4

—D.SD -1

1 2 1 E
(c) Referance Trajactory 2 (sec) (d) Tracking Performance  (sec)

aY 7. 2099 Hehuie e BHAYE wA Y
NFAlo)718) $EAHFE Aoy

)
0 hl
(a) Reference Trajactory  (sac)

002

(11 R e e W
a

o

(c) Referance Trajectory 2 (sec)
29 8 15%9) HenjHe] BHA4S nej@
NFAo}7] 9 $e2AH5F Aol4s

Aumuth (rad)

N O N A

Hh

H
Tracking Emor (fad)
6 o6 o
S 2 o 2
o ' “

)

1

i

2
(b) Reforance Trajectary 1 (sac)
4

o N

Adimuth {ad)

Trackeg Enor {1ad)
&

=]
2
A

o

g ATdAE A=A BHE4E =%
FAE FHoz muYe FAsty, ol o
Az AR B A AR gel FAZ s
St B dstd 2229 HgEdd o
43% & ' AAA| T2 F8L B4 A
JqgEe AYSHE WM FEE TFE ¥
B-AAA B HeH AZFF BH Ao
242 43,

Aoj7xd BAE A4 ANABSE A8
@ AAFEWS % ¢NYES B BT
29 AAF AJFEEA nx g R vt
He BRUgel iy e F4E A4l &
Age Ao Fx & 4 Aok

AL EQ

Ho

(1) Iwata, T., Machida, K, and Toda, Y., “Fuzzy
Control Using Neural Network Techniques”,
World Congress on Neural Networks, Portland,
Oregon, July 11-15,1993,vol.3,pp.365-370.

(2) Mamdani, E. H, 1974, “Applicttion o fuzzy
dlgorithms for control of simple dynamic plant”,
Proc. IEEE, Vol. 121, No.12 ;pp.1585-1588.

(3) Horikawa, S. ,Furuhashi, T. ,Okuma, s, And
Uchikawa, Y., 191, “A Leaning Fuzzy
Controller Using a Neural Network”, Trans.
SICE, VolL.27, No.2, pp.208-215.

(4) Rumelhart, D. E, and Mcclelland, J. L., 1987,
Parallel Distributed Processing: Explorations in
the Microstructure of Cognition,Vol.l, MIT
Press, Mass.

(5) Psalitis, D., Sideris, A, and Yamamura, A, 1983,
“A Multilayered Neural Network Controller”,
IEEE CSM, April, pp.17-2L

6) Sugeno, M, 1988, "Fuzzy Control”,
Nikkan—kogyo— shinbun~ sha, Tokyo.

(7) Mizumoto, M,1989, “Simple Fuzzy Theories’,
Computrol, Vol.28pp.32-45.

® Horikawa, S. et al, 1990, “A Fuzzy Controller
Using a Neuwral Network and Its Capability to
Learn Expert’'s Control Rules”, HWZUKA'
90:103-106.

~215-



