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Abstract

Fuzzy logic controllers excel in dealing with imprecise and varying conditions, which charac-

terizes agricultural environment. This paper describes the construction of the experimental vehi-

cle powered by a diesel engine and the computer hardware of the automatic guiding system con-
sisting of VME bus system and CAN network. A fuzzy logic controller was designed according to

the requirements of harvesting machine when following crop cutting edges. The heading and off-
set errors of the vehicle were detected by two contact sensors. The field tests were carried out on
three plots of hedgerows. The results showed that the controller could tolerate the frequent and

small noise derived from uneven and discrete directrixes, and guide the vehicle following both

straight and curved hedgerow accurately. The standard deviation of the vehicle lateral position

control was 2. 23 cm when following the relatively neater hedgerow edge. It is concluded that this

control accuracy would be sufficient for a combine harvester, and the fuzzy logic controller could

compensate the inherent inaccuracy of the contact sensors.

Key words Fuzzy logic, Automatic guidance, Agricultural machine

wE

BRABERRERINFEHVEREFENZ—,
M5 RE MW A EN TANERRER. BdX
Fe A LA B9 T AU BE 0T LI 100 9 RAE &
FERAN, B, FER—- T AR RERRERR
RBOEMNTZROE—-FEE N T, MEEMm

WREEH: 1999 -05-28

B 7% A 51 3 B A 45 (B R 1K A WO L M A R
THSFEHBLDEAERA, RaRmFss
PR ML .

e T (8] 1 e B 3t 7 ) 2R AL R IE IR S A K
B A LU B T O B AR AR PR IR B R B E AR
] B B 2% M P 0 e ] 9 R 2 X O BRI B R 4
RET AL,

MWek%E SHEABHFEHFELTEE BIEFRRA, 310006 HiMH
Hagras H Computer Science Department, Essex University, Wivenhoe Park, Colchester CO43 SQ, UK

Calleghan V. Computer Science Department, Essex University

Colley M Computer Science Department, Essex University

Carr-West M Agricultural Engineering Department, Writtle Agricultural College, Chelmsford CM1 3RR, UK




32 £ Ik Il K % #

20004

EILERBE EMEBREARANSGHE, A THZ
R B SR B0 Bk B 2 B A BIRPL A s 1k
H, Cho A T A B BB & WHE LT TR
K 41, Ziteraya f1 Yamahoso 75 B B 8L 8 58 6
YEIE B #R TR =R A R AT RERY ™, Ya-
masita X R FARMEH O LTARENBERZEAN
SERR R AT TIREBS,

ERFRY USSR £, RPEANEEH
55 1) 3 8 A8 A RO L AR A I R A B 32 B ARk 35 B
AR EZREGRILE B ST ELMTE. &
T —A SRR AR N A B LI L R 3 h M
Pl L EEAEELSEPREASEHEEYNTR
E#FaATE.

1 ®it5MiE

1.1 RB%E

REENEHWRELE 1. ZRBRER—GU
WEL KB EMULESI h M =RVl HiTENH
RABBEES, FRHABRERE R RELEERE
B S5EHEMHRL.ENEFHEILB M
RG] T VU TR RS
(FERNAEEITMEARIRE DR EFE
W HBMES . DEFMSESTAER L, R
fR PR CE HLE S ) BB, R BT MES M AT R R
I SEE,EHTEMEEE. MERRMERE
AR AT EN TR,

o i/
] |
T ;
;i o
A TEETY ST 8 -.\.Q Ae---

1 ARFELHHAER
1. W 2 MBERE 3 ARE 4 WEE S5 ARIT
6. ELBIR 7. BERE 8 RFPL 9. MEDE 10. FMT
11. HLBHEH

FEERLHLA M Al Ja 88 7 7 B T P el KL R
# BB TR hMF SRR BTN RS
WMENEMNAZEFEYHOER, EEL ERIER
A~ e oL 2 B B 07 2 R 3R 4 R LI X B3l 7 49 5E
16 DA T Oy M 5 il L ML AG AT EE RS SR T ARIE.
BHLFE A AREH TR RE AR ERE
i 2R R A I
1.2 HHENEHNRERES

ATRBE-THATARRKEENKNTFE . 75
ERATAERAAREENRRE. FLUREH

Wit T LR RTLOEMS TR E
K. EHRGESEEAEF VME (Versa Modul Eu-
rocard ) & 2 & % # CAN (Controller Area
Network ) ® £& B #B 4 (& 2) .

VMEHLHE

(R
WRXIB —— ARA | | =
:cm.aﬂ

cANB®R [RAAREE]| [EEEW]
W2 HENEMES

VME £ i Motorolar 2 & #E i 8958 —1 32 i
PR AR, CHRF 8 L. 16 {1 A 32 MM BURMEW. X
HRXRAMKM VME ERXEZGWEBELRERY L
MVME167 4,3 & MC68040 kb H 345 & 8M
WHF. LEBSLEAEB[BZEUKS CAN BLEM
A4l HM CANOL R A VME B2 ¥ 5% .

CAN B—/1E¥% 8 B sh 4k Tk 69 3 35 8 &
. CAN BRAEAREHEHERNUMEETGE,
HTRENR. EHTRAEKRHFE.CHETFE
TRBA R E B % B K bR, b E 3w H
N SEEFR AAXRAN AR —RMNE AT
BEAZEZ/BUBESR). £REXR/RZH
CAN Bl 4k .
1.3 HWEBEEHEFLOMIET

B 3% FLC RyEEAER , 5 % p9 4 B by M
A EZREDFERERSR; ENEAR FLC W
WA R, B A MGG 2 e RS ATIE . Dt
D R A B 160 A 0 A i BE O o R B
Te) £ #) 4 ol e P 1 A O 9 % e LM R HRUAT 5 BT
P 9 A e o O 5 o B2 ) IR 7R B R 0 ) 4R 1 AR O
SERL. WAZEER (2 4T BT T BE ) A S R sl B
B 4 Brs . St 28 B ) 0 2 BE A SRR eR B
B 5, AN K R BRA LR
FEMER R SIE, ERE L.

#rf

=
fig P
#

B3 FLCHEARR

LR
1 i H

M




®3H Bk & . RAHLAFSBMEREEH SN 33

RiE biiy &P b fRim

A p

0 8 15 25 35 50
Bl EARFT SRR /om

4 i AZERERR RN

PEF NEH

i KEH HIT  KE6H . & & P ® RE

* L
= =
i =
: -
0 |
-45-30-15 0 15 30 45 0 02 03 04 05 06
/() ME /mes™
B 5 A E e RR SN
#®1 EHEANE
IF THEN IF THEN
Wi R
BRI SREF HmA - R EMT faf N

Rk fRE KEH MW | EF E 0 HEH K
MiE E 2 KEH¥ HE | BF BE SER HE

miE EP KEH = i BiE HME¥E FE
MiE Z ADEF¥ TEH | E b T\ °F -
MiE ME NHEF K i B AE¥ TE
i BiE NEH FHE | E & AEE K
i B OKREH PE | = RiE MAE¥E TE
iE B MER K BE {HE KA¥ T&
i m hERE K BRE & KHAE PHE
iE iE /HEF PE | BE EP KHEE K
BFY ME HEF TE | BE T 2 KAH TH
g¥ & DaEE K& BE ME KEH W

B B HE
2 REAZE

L E TR FLC B Y6 7E Essex K2 Brook 3¢
REMIBALEEMER . 2RiIFBNEHEHE
AARKBRE L. & FABNESEREY, ER
AARMELEY LR EEAREERG FEE.

BEPORER 3P .. A, HFE Writtle
RERN BB L F O REAR#RFERBK,
BEHLAEAHKBREEEF: ZLAHBRAAN
(B 6a), [ ™ 78 1k K, B A Bk 25 R 58 BE 7T 35
40 e AL B — BRI E M (A 6b).

HEFEEET -6/ EBER  HMARHE
AOeeReK Lk EERMEPEALE, E
IDREREMNTERE. REEFE S5 F N0 EER
IBMERTZHOEZTHRVER. £25m KH

—BHEL . BRO.5 m B BMNEE. &350
A 000 322 BE 9 28 4k, AT AR R AURE L .

& i »
He HEHAH
(a) ZARE GFELABRE

AT 7E 3K B SR MR B L B B R Z 4 B B X AR Y
34370 A0 6 3 B P T W AL SR O
B O BE R A EGE BT X B R T AR
56 i A9 Ml BE .

HEERNERF @R EILESEER TR
AR BN L. BRI R SR EHEERFTRAR
FRMEEREITEN LERER FEHTHR.

3 RBRHBARRSW

LURERE N RN AR ETHTR,
REAREBEREAN A AR, RAY FLC
RIFMEREAYIHLRASIENE ANLS A6
H1. B7ieROREFHRAEREEHR 0.4 m/s KL
il 341 BE & 7w B A7 38 Bhadk , T ¥ BE R 101 em,
i 52 BE AR M R 2= UM 2. 23 em,

EHU
& 100 &
35

-E 90
0 3 6 9 12 15 18 21 24
W FEE /m

B 7 LT ERE

LA Z bW BT SR, FARERMBK,
LIS % A T ] R R R X B L 5 243 B A0 M1
A, ABEEGAR.BEEERHEF LCHELE, #
Frshfe PR, BRI, KB F R AR GRES R M
B FE A, SHEARR— 2 ML R R R
FH, RBFEAURBENELR asHBGE.

X BT 3 AL 5 SC PR EE Y8 O A
ol 3 et SRZEM B R TR E R ELE ML i
et ERRFHAKBRDEZNE L LRERE, 5
B b Al SR T AR KOS R SUE A E YK
M NEZEEMEAF RRRWTE, HEE6RK,H
E#5 Z A0 i FOR LR A I D B
T AR HI , AR WL A e i 2 31 7 5 7R A0 4 5 R
I BEER . B 73X 3 Kb 691858 , UE WA B 83 9




34 £ W B oW ¥ #®

2000 %

FLC BREZHE . TLABENM AR KRB HEBDH R H
A] REFE R L A= 7= LB o T B W EIBLAY B S X 4T
.

4 it

(D AFEHHENEHREFUATRAGER
BAREI AR B Z RS RTINS
SR ENAME. BRSO THHERM /O HOK
BT RS,

(2) FLC Bk F 8o 3R J& of $0 i 58, 42 1 A0 0 o
AE BHEEHSISRRERERETHWNE N
FATE , Bk Bl R ¥ w0 B X B A B vl ke B
HFMMEREREREN.

(3) BRARAT 2 MM HHERBNEMK L
BRI KIS E A 5| S EAER AL, HIREER
BHENERER . TARAENEBERNZE. T
LA B A X 15 R AR I B3R

$ % X ®

1 Palmer R J, Matheson S K. Impact of navigation on farming. ASAE Paper No. 88 —1602. ST. Joseph, MI: ASAE,

1988.

2 Cho S 1, Ki N H. Unmanned combine operation using fuzzy logic control-graphic simulation. Applied Engineering in

Agriculture, 1996, 12(2); 247~251

3 Ziteraya K, Yamahoso. Pattern recognition of farm products by linguistic description with fuzzy theory. Japan: Pro-
ceedings of 3rd fuzzy logic system of IFSA, 1987. 127~132

4 Zhang Q, Letchfield ] B, Bentsman J. Fuzzy predictive control systems for corn quality control drying food process-
ing automation. Proceedings of the 1990 conference. ASAE Pub. 2, St. Joseph, MI: ASAE. , 1990. 313~320

5 Yamasita S. Examination of induction method of unmanned vehicle for greenhouse. Japan: Proceedings of 49th

congress in Society of Farm Machinery, 1990. 273~274

6 Janhs G. Possibilities for producing course signals for the automatic steering of farm vehicles. In Automatic Guidance

of Farm Vehicles. Alabama Agricultural Experiment Station, Auburn University. Rouse R D, editor. , 1976. 3~8

7 FHEl, DRA, FEEE AAARGENRAGAISTEFHNFRGE IR —RUFRACERRRE.

felk THRER, 1997, 13(3): 43~47

8 Mandow A ], Gomez-de-Gabriel M, Martinez ] L, et al. The autonomous mobile robot AURORA for greenhouse
operation. IEEE Robotics & Automation Magazine, 1996, 3(4);: 18~28

9 Billingsley J, Schoenfisch M. The successful development of a vision guidance system for agriculture. Computer and

Electronics in Agriculture, 1997, 16(2): 147~163

10 Vetter A A. Quantitative evaluation of DGPS guidance for ground-based agricultural applications. Applied Engi-

neering in Agriculture, 1995, 11(3): 459~464




