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Autonomous SpeedSprayer Using Machine Vision

and Fuzzy Logic (I)
—Graphic Simulation—

ZAA xFE

Rk 33

S.L Cho N.H. Ki
ABSTRACT

A Fuzzy Logic Controller(FLC) was developed for the autonomous operation of speedsprayer in an
orchard. The autonomous operation with the FLC was graphically simulated under the real condition
of the orchard. Image processing was used to find out the direction of running and four ultrasonic sen-
sors were used to detect obstacles for the running. The simulation results showed that the speedspra-
yer could be operated autonomously with the FLC combined with the image processing and the ultraso-
nic sensors.

F28 §°1(Key Words) : &3 =23 o]o](Speedsprayer), A& 80| d(Simulation), HA|&=2]A[o]
(Fuzzy Logic Control), ¥/ 2](Image Processing), 53 4 A (Ultrasonic

Sensor)
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Table 1. Linguistic variables of “Direction”
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Fig. 2. Membership functions of “Direction”.

Table 2. Linguistic variables of “Ultrasonic in-

put”
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Fig. 3. Membership functions of “Untrasonic

input”.
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[US_Input_3 = DCJ and
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Then
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Table 3. Linguistic variables of “Operation time
of hydraulic cylinder”

LL LM LS NP
Left Left No
Left Long . )
Medium Short oPeration
RS RM RL
Right Right Right
Short Medium Long

LL ‘LM! ‘LS NP' RS RM! RL
WW J
-2 -15 -12 -o08 -03 0 03 08 12, 15 2

(sccond)

Fig. 4. Membership functions of “Operation
time of hydraulic cylinder.”

P A 250 A5, {4 AUH
ZAEAIT g dojdsH 1, E 2 F 3) o
a0} FFEe ASZ TS (Y 2, 218 3, 19
48 Yt 2% 2014 12 &S HA o
29 £ & 1282 P& o) F3Y Ha2o AR E
ujte], 29 gl A S 9% gy FE
AZHE BAEE AolX, FFE LEZ v 9
AFAIHE EAISHE Rojth

2 ATNA AMEE F 73 e 130"
ML d2 89 L3 g,

A FHAAM If e 2UEL HA A oo
AS-5l = dojieE 9udn], DC(Don't Care)
= 98 gl dgol gide R el 9

T4 A4, G494 2% 79 327t ez
of AR, R WA 2&7 A DR g
ol Foh 2ol g W, Q&R FAYLAYE &
& NLE Fob FAE $ooke e o)
&, o] A aMEaTYolole 98EOE
23 292 3 Dok AAA 7l ALgE 7
A3 ASE YoE o4 A NP E A
A 948 e Agetsc,

AvExugolole] 4P e MUt 5
A A GRS Ao QA oRe
BAIZY Ad gl Ro g A4E9 A4 s
YFET A FFY FFE HE F U= 2
ojth. H¥E A4 2HozE A4 AA}
7t A9 Qefof gk o] 2A L WEdlE B4
F& Qo) o 7k 7} glou B Ao A
© YU5-E dddyo.

O O Q

forward —ee— 5m
a O (12
' 6m

Fig. 5. Intervals of trees.



g5 YA A
19 s Frde] FHE vehd Regy
AMoAazyolole) APare VFEoe sz

o & 5m ol A4 TAL 6m olF, AWE
2z #olol7} o} 58k & HolE 35m o)t}
T Abole] A2 F& Bofo] glo] At o
ARe g YolH gk

Lpeszgolo] ALFPo MEdolde
e} Hednt 2o 2 dPsigel &,
2& Fe¢ mdgste A¥stgc.

L Y M g ey

2HEXTolole] 33 5L Hristr 9
Bto] 29 63 o] ol Al Ao HAA
7loh gt @Eoid AR g vlasty ol
A BRe YoM dold Brge HolE
222 AlEE A& Kehtarnavaz 2 Giswold
(19913 Li 9 Wilson (1994)°) 9}8led Az
At

0 (@ IRETETTD O )
ideat patht
,n N P /
daviation: "\“l__—\_(
-~ ) FLC pavm
a o - Q O

Fig. 6. Collecting deviation data.
G714 ol g A2 Jerd7] Hs

o, Alo] A M2 RMS g€ AR E=w
ol ol 4 (1) & ol &3] AdeAct

RMS= / > (deviation )?
number of daia

of 714}, deviation : o173} AR 4A F

W3}s] Aol

number of data . +HE do

8 s vshle &
ELZ ooz} ¥ A o] 7)o}

1819

hﬂ o= *:\ﬂ
} oldld AR F

121 @ A 235 19963 6%

BE 22

FatEA oA Hzete Abelo]
o AA AvleszZgolort B slxE B

Zte] WA vig 0y 79 Zol msAch

-------

.......

35m

Fig. 7. Calculation of the ratio of areas.
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Fig. 10. Simulation of speedsprayer (along the
straight line).
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Fig. 11. Simulation of speedsprayer (along the

2 curved line).
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Fig. 12. Deviation using image processing only(
simulation cycling time : 4 sec ).
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Fig. 13. Deviation using image processing only(

simulation cycling time : 1.5 sec ).

Table 4. RMS values using image processing
only(graphic simulation)

L. Number of { RMS values
Cycling time )
. trials (cm)
1 38.07
4.0 sec
2 24.52
1 22.93
15 sec
2 20.90

Table 5. Ratio of area using image processing
only(graphic simulation)

Cycling ti Number of | Ratio of area
cling time
yeing trials (%)
1 7.81
4.0 sec
2 5.78
1 4.95
1.5 sec
2 4.61
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Fig. 14. Deviation using image processing and
ultrasonic sensors(simulation cycling

time : 4 sec).
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Fig. 15. Deviation using image processing and
ultrasonic sensors(simulation cycling

time . 1.5 sec).
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Table 6. RMS values using image processing

and ultrasonic sensors(graphic simu-

lation)
L Number of | RMS values
Cycling time .

trials (cm)
1 26.64

4.0 sec
2 2561
1 23.14

14 sec
2 19.48

Table 7. Ratio of area using imageprocessing

and ultrasonic sensors(graphic simu-

lation)
L Number of | Ratio of area
Cycling time .

trials (%)
1 6.21

4.0 sec
2 6.03
1 5.19

1.5 sec
2 439
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