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SUMMARY

[ TITLE

Development of multi. knuckle apple harvesting robot.

II. PURPOSE OF STUDY and IMPORTANCE

Even though agriculture is not main industry of korea. That must improve
considering importance of agriculture in terms of economic situation. Thus
domestic agriculture is getting worse since W.T.O started in 1995. Especially lack
of labor force, aging and high labor cost make bad effect on agriculture structure
under unlimited competitive area. Looking into agricultural population reduced from
5 millions in 1994 to 2.4 millions in 2001. To survive and grow competitiveness
under those disadvantages, cost down and improving quality arc the only the way.

In case of rice farming, labor cost cut downed a lot by introducing agricultural
machines. Labor cost dominate 60 % of total production cost in the orchard.
Therefore developing agricultural robot is required for cost down. In this study is
to develop unmaned control robot used by mechatronics technology for saving

labor cost.

II. CONTENTS OF STUDY and RANGE

Multi knuckles robot is able to recognize fruit in the working field. The (inal
purpose of developing robot function is to figure out the best root and position to
pick the fruits. Result from this study, robot driving system, manipulator, robot
controller and fruit recognizer are developed.

The content of study for 3 years are belows.

A. Apple harvesting robot manipulator.

B. Apple harvesting robot driving system.

C. Apple harvesting robot control system.



D.

Apple recognition algorithm using image processing.

More details are followings.

A. The manipulator of apple harvesting robot has 10 knuckles which make it

possible for robot to efficiently avoid obstacles. such as leaves, branches and
so on. That is developed by considering operation range and specification.
Driving system is developed by considering vibration, weight and balance due
to long range operating manipulator. Power generator is installed. All of
controllers are designed to be able to remote control and hydraulic operation.
Apple harvesting robot control system is able to recognize apple by CCD
camera. The position of apple is decided by main controller. Servo controller
and DC servo motor controller make decide RPM and torque for each motor.
Development of apple recognition algorithm using image processing. An
algorithm of apple recognition was developed using digital image information
received through CCD camera. Input image was binarized and labeled to
calculate characteristic value of image and position calibration.

Scanning apple was divided into both rough and detail scanning in order to

reduce data size and required time. To get 3d position of apple using stereo

method. The algorithm is developed from this study which is able to recognize

apple size, mature status and accurate 3d position,

V.

RESULTS

Development of manipulator for vertically moving multi~knuckle apple

harvesting robot

A. The robot’s movements consist of base rotation, first knuckle arm rotation,

second knuckle arm turn and rotation, third knuckle arm turn and rotation,

last knuckle turn and rotation and hand movement.,

B. Axis distance and weights are :



base - 780mm, 270kg, first knuckle arm - 570mm, 16kg, second knuckle arm
- 870mm, 32Zkg, third knuckle arm - 490mm, 7kg, last knuckle arm and hand
- 440mm, Skg respectively and 330kg total.

C. Angular ranges robot movements are
base turn - 270 degrees, first knuckle arm rotation - forward 45 degrees and
backward 45 degrees, second knuckle arm rotation - upward 45 degrees and
downward 45 degrees, third knuckle arm rotation - upward 135 degrees and
downward 135 degrees, third knuckle arm turmm - 270 degrees, last knuckle
arm rotation - upward 135 degrees and downward 135 degrees and last
knuckle arm turn - 270 degrees, respectively.

D. Total robot movement ranges are vertical | from 860mm to 2220mm,
horizontal : from 1440mm to 2260mm, turn angle 270 degrees and rotation

angle 90 degrees or 270 degrees, respectively.

2. Development of device for multi-knuckle apple-picking robot wvehicle

A. General layout is :
Apple picking machine on the center, terminal box, control box, power supply,
monitor and generator on the left side of the vehicle, battery, hydraulic pump
and apple container on the right side of the vehicle, fuel tank, robot control
unit and image processing computer on the [ront. Further, as a protective
measure for computer malfunction, control units and computer are surrounded
by an additional metal housing.

B. The power supply was designed to let out three different voltages :
67V and 24V for activating motors.
24V and 12V for engaging brakes.
67V for servo-motors and DC brush motors.

C. The generator lets out 240V at 3600rpm, utilizes 82 diameter pulley with

two B-type V belts.

_10_



D. The conirol box facilitates manipulation of the wvehicle. Plus, well organized
allocation of control units for the apple picking robot with monitors and
related equipments are very friendly and convenient for the operator.

E. Control unit for the vehicle is made up of hydraulic circuits. ten hydraulic
cylinders constitute dynamic components, such as transmission and steering
system.

F. Since the active hydraulic pressure in this unit is not really high, decrement
of fluid volume and variation of viscosity were not considered. However,
decrement of the pressure was carefully applied for hydraulic pressure related
parts. Appropriate capacities of cylinders, pumps and tanks were selected by

considering every single condition of control units,

3. Development of the Servo control system for the Apple harvesting robot

A. Property of the cup motor used in the system:

Rated torque 22.3kgf - cm, Inst. max. torque 112.0kgf - cm, Rated output 400W.
System has been designed in a way it can provide a stable control over
rotation range 10 to 1,400 rpm and load fluctuation up to 22.3kgf - cm. The
system has been tested with cast iron pulley which had inertia 27 times
bigger than the rotor’s.

B. Power suppliers for driving part and control circuit have been separated so
that switching action in the driving part would not affect control circuit’s
function. Plus, an individual power supplier was designed in consideration of
motor’s capacity.

C. Closed loop system which feeds back velocity signals and electric current
signals has been used in order to ensure control accuracy over velocity and
torque. Velocity control loop has bhuilt-in torque control loop so as to enhance
system responsiveness and stability.

D. Gate driver was insulated from driving devices using photo coupler. And it

_11_



has .H bridge format with IGBT which has over 70 percent surplus capacity
against the instantaneous maximum electric current.

E. PWM duty ratio test at minimum and maximum rpm showed overshoot by
102%. However, this duty ratio - 51 and 73 percent - was proportional to
incoming voltage. Waveform test on 12 main output points indicated that they
are well advised by the velocity commands.

F. For step input of the velocity command which requires rpm output to bhe
between zero and 1,400, step response time in no-load running was 250ms

which corresponds to the approximately calculated value.

4. Development of Apple Recognition Algorithm Using Image-processing

A. The algorithm developed in the study recognized an apple with new color
decision function X=(R-G+256)/2.

B. With both rough and detail scanning, the algorithm reduced image data size
to scan and time required.

C. By using binary image labeled, apple recognition function calculated
characteristic values of apple image and calibrated position of apple.

D. By recursive thresholding on color image, obstacles was detected. and with
moment characteristic of binary apple image, the position and direction of
obstacles was computed.

E. By using two images inputted in other position, shaking-method calculated

3d-position of apple.

_12_
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Table 1.

Specification of vehicle

length(mm) 3240 movement )
caterpillar
type
width(mm}) 1290
manual 3
forwards,
. shift
body height manual 1
{including 1260 power reverse
robot)(mm) transmission multiple
clutch ]
type disk type
steering
weight(kg) 1600 ) lever type
device
OHC inline
) main
4 cylinder drive & o
type k transmission
water-cooled parking break .
mechantcal type
gasoline engine
) (width % (250 < 72X
power/rpm maximum
pitch X 3456)
(ps/rpm) 48/5000
) length) {(48LINKS)
caterpillar
touch-down
i cylinder
engine ) T8XT78.4 pressure 0.18-0.26
dia X stroke )
(kge/em®)
PPLSACZL
displacement 1458cc type M
capacity -
maximum hvdrauli ) 3]
14.2/3500 varaute (cm®/rev)
torque system i
actual
weight (kg) 108 pressure 120
(kge/cm®)
minimum rotation radius(m) 2.1
slope capacity(in degree) 30
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Fig 17. Steering hydraulic cylinder
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Fig 19. Power delivery diagram of vehicle
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Table 2. Specification of generator

Specification
MODEL 09799-1
SERIES SVP5000
VOLTS 120/240 CSASS F INSULATION
WATTS 5,000 AT 40C CONTINUOUST DUTY
RPM 3,600 GENERAC CORP.
PHASE 1 HERTZ 60
AMPS 41.7/20.8

2. WA 7 Ed

Generator

°] A

Universal
— shaft

~ Drive pulley
for

hydraulicsystem

Main pulley

Fig 22. Connection between main clutch pulley and generator pulley
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Hydlaulic cylinder

x AB
27 Right steering
Left steering Ry cylinder
cylinder "
Right brake
Left brake ’
ot ~ Right clutch

Left clutch

Fig 24. Transmission

Fig 25. sensors mounted on transmission
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Table 4. Specification of hydraulic system

- 72 =

main, )
. ) vehicle | hydraulic
generator | gearshift | steering
stand pump
clutch
cylinder dia
12.7 7.3 115 23 -
{mm)
flow rate :
( ¢ /min) L
required 0.05 0.02 0.03 0.05 0.54
power (PS)
cylinder dia
20 25 25 40 -
{mm)
fﬁ I
actug | How rate 0.94 15 15 151 11.88
( 2 /min)
- —
required 0.074 0.12 0.12 0.12 1.06
power (PS)
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g 2% 7145 [980 cm/s”)

Table 5. Layout of motor, power supply and control mode

CER 2 E ]

Motor and test load

Torque constant 2.97 kg cm/A
Moment of inertia (Rotor) 0571 %10 ker - cm + s°
Moment of inertia (Load) 1554 % 107" kg - em - &
Power supply
Motor 67 Vpc
Power device 20 Vpc
Logic circuit 5Vne, 15Vpe
Control mode
Load torque 22.3 kgr - com
RPM 10~1400 rpm
Velocity control signal —5~+5 Ve
PWM frequency = 16 kil
\—Step—response time < 250 s
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Fig. 27. Block diagram of a servo motor control system
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Fig, 28, Characteristic curve of PI and PID control
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Fig. 36. Side view of cup motor, encoder and test load
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Table 6. Specifications of the motor used in the control system

Motor type - brushed DC
Rated output (Pgr) KW 0.4
Rated current (Ig) A 8.2
Rated torque (Tgr) kgr - cm 22.3
Rated speed (Ng) rpm 1750
Rated volage (Vr) Ve 67
Inst. Max. output (Pp) KW 2.0
Inst. Max. current (Ip) A 40.0
Inst. Max. torque (Tp) kgr * cm 112.0
Max. speed (Np) pm 2900
Torque constant (Kr) kgr - cm/A 2.97
Back EMP constant (Kg) mV/rpm 30.5
Rotor inertia (Jum) kee « om - s 0571x107°
Mechanical time constant (7 ) ms 34.4
Electrical time constant (7 ) ms 0.61
Viscous damping coefficient g¢ + cm/Tpm 0.15
Acceleration constant ms 187
Max. angular acceleration rad/s” 4870

Table 7. Specifications of the feedback unit mounted on the motor

Encoder type - incremental rotary

Resolution ppr 200

Output voltage Voo 12

Output phase - A B Z
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Fig. 44. Waveform of the detected current and output of current amplifier
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MEFe) Fekes] wEel Ak Algke] v,
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A2 Akel 21 Ax AH

1. 242l =44

Ashel QAe E o9, E 10, ¥ 1ot 2ol LY mEagutel FuAdy
(Template Matching)2 A3l Ao &= a4 271 xa deolez 3§
71 Wiol EFEISGE A Ade Odeka, SR e 55 sda
Habde Ay Aishs Aolme g Fel rErskAl A ET o] WHE FHon)

J
i
|

5
Foooigel shdel W@ g 2u wAle] Sk A@uE Fgel B

wooAweld Agw EEaae 2 sasl gel 9@l 4 Hae
x=HE=CEB0 gm0 sixe gy, @uAwl W Ane A43ge QY

s} sl Abolel FARY A RE(similarity measure)E o] o] Fojxir),  AnlA
o}

A A AR T A% 2o

~IL T T

Table 10. Example Table 11. Example
Table O, binary input image for similarity of template
Example template matching matching
template for 1 1 0 0 0 7 4 2 X | X
template 1|11 |00 71412 | X|X
matching 1lol1]o]o a2 1] x|x
NERE tLj110]0] o0 2 1|8 |X|X
i1l 0|l0jO0|O0]| O X | X | X|X|X
il 0jojojo] O XX | X[X|X

FAA FHAF ABL T (2 59)

Step 1. 7lulet =y B4 fxy) 8 Pui=r)
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Step 2. AEsld 1 &= NAE tx, v)E 9984 ((x, v D2l Aa, poll F4
o] B A7 Ft.

Step 3. tx, ¥k f(x, y)o] HAA T ol A FALE S Aakgo)
Step 4. Step2~Step39] F3E ¥ {(x, viel WE Aol s 2 4]k}
Step 5. Step2~Stepd2] IA oA )

A oAbzl wE geld QMRS v 93
2 g,
N );
J, Template
tx,y)
sk f(x,y)

Fig 59. Diagram of template matching

Apatel gl AAad s arEEkely] flskel 7134

Mup grizialel oA
‘Fol Al sl AR A = EESASE B opixel® (12 551 9y By
W oAgrel Rug pebel Al =AY WS Fay

#HEE SSDA  (sequential  similarity detection

algorithm) ¥ ol 4] €] M| /A= ff]f—- Hdxdy e A-8-819 0o HE

e S 8 pixel® #H
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A sd FHWSEATHOY 61, O 62, 3" 63)

Input image f(x,y) from
camera

l—

Calculate similarity of f(x,y)
and
t(x,y) in current position

Save similarity and
move netxt postion

Fig 61, Original image of

irput image for termnplate

Calculate similarity
in all f(x,y) area ?

rmatching

get postion of maximum similarity

O

Fig &0 Flowchart of apple

SCANINg,

Fig B2 Foomn—outed image

of compressed image
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2 A ste] FAedvh(29d 61, 19 62, 2% 63)

Input image f(x,y) from
camera

k,, [

Calculate similarity of f(x,y)
and
t{x,y) in current position

1

Save similarity and
move netxt postion

Fig 61. Original image of

input image for template

Calculate similarity

matching in all f(x,y) area ?

Fig 60. Flowchart of apple

scanning

Fig 62. Zoom-outed image

of compressed image
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Fig 63, ltnage in rough

SCANMINEG rocess

9] THES AU F27F AT oY 27 E mEh HeiA HUIAAME
ghetel 2= E9o] thel A W (matching)S sHA #30, HIIAHNAH Fai
= THEE 5 S | pixeld HHAY WE(matching)e] dE S F5HELT
oA ARET WAL A= A0, S 22 HdEASE WA
Atate] S HHRE stEch ol dE ez AY dAY AUE £ Sls F2HF

£ g =+ AL

§ pixel® O|SFIEE FARIE 2T He

Fig 64, Image of apple

captured at rough scanning
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Fig 65, Image of apple
captured at detail scanning
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Fig 63. Image in rough

scanning process

ARAA Aol M= HEHALE 8 pixel o]l FslEE FALETE H vl w1
2] FAAE XA A7 QA oldl 248 T8l flslA ARl el A=
slabe] e of o] el Al w4 (matching)S 8FA] ¢har, A F gl Alol A s
S FAlow ¥ 3A4-E 1 pixel® A4 v H(matching)el & GRERd UL
HAe) A AE3 wiF e Hei= iAoy, 1 e AuAST S 7L
Aol FAGAE S, olea wlos AD Al Ad F e #A
% 5 A

Ifig 64. Image of apple

captured at rough scanning
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TIFig 65. Image of apple
captured at detail scanning

o]

Iz
I

i

12

o
et

-
>
}

i

.
M

0
M



2. 5A4 g A Abste] FAHA BA
3ap9l Aol 1A A Abag ey flsiME gEd 3ake SIX & el
gk, B Aol 3749 9B ] el AE e YAt 4™ T o3

go olgd 2vele Havge Agsa Ak sEde shdsleNE IH

&7 Aol 2a¢ BWlAdel A Harak Alwbe] 91 Aol Pastry Fagdgeld o
3 2ab ARy A0Skt Ml Aol 212 g f1Ael R Abale] Fal 1] of whi
Al A A S A obyr, mEE 9 gpdel ol MAYWNEINE ekx k]
Fo #akel ghaol od oA e 4 vk wEkA] B ATl M ¥ 662 <L
o] Ap3fel AET 9He HAHE pakr] fElA FAE ol ke, oA st

5405 b (abeling)slo] dldEe] S4& aba Abake] FAAAE AR

B

Get histogram data

|

Decision of threshold value

]

Binarization

I

Constraction and expansion
of binary image
to erase noise

L Labeling

I Get a characteristic of labeling im

S

Fig 66. Flowchart of characteristic detection and position calibration
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7}, Absiarel o] A5
G sae ol xskety] eAE QAS AAstolok it Almestmiiel g
e A9l A o] Folxs] WFel Azbwt Mo wel FAol YA A HEuw uy
A48 57 gk oA dldey] A oldlek B AR Bk

Wale] we)l HAe AAFE AEHow AMdsnE gt

Step 2. Step 194 778k sk f (v, ) ol S| A~E IS Ao (2| 69)

v s34
Histogram(n) = Sxi Fi(x",y) (61)
X =8 A =38y

Step 3. °}& WIS 5l S AEIWUE HEst gvh(1d 70)

Histogram*(n)= ’i% H istogram(n’)  (62)

Step 4. Histogram*(n)2] Hizhs 3k},

Mean = ﬁf Histogram*(n") (63)

256

Step 6. B EE T4 F92 Ad Histogramx*(n) #H& 30
MAX ;| = Max( Histogram*(n)), 0<n<Mean (64)
MAX r= Max( Histogram*(»n)), Mean{ n<255

Step 6. HiFghs FAoez 2 AU Histogram*(n) 3k Alole HAZHS Ao
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Z OTLLIOE 71

Thyeshold Vil = Winl Histogram+(n)), MAN ;=a=MWA¥y (E5)

Fig 67 Criginal B3 image Fig 68 Zoom—outed B-G

for binarization image for binarization

I

Fig 63 Histogramn of H-G itnage  Fig 70, Equalized histograrm of B-G

irmnAage

Fig 71, Binarized immage
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= ghol (e 71)

Threshold Value= Min( Histogram*(n)), MAX, <n<MAX, (65)

Fig 67. Original R-G image Fig 68. Zoom-outed R-G
for binarization image for binarization

e }J
e L

i s ot e -
a 'J“Jf.\,_.‘;_y..,uw,v‘,_,.,.ﬁn,_ghw‘.""'.’ e e oo |,
L E S I H Baan S e i I B B S LEM B B SAS A IR B B B B S B B B B

LA S P R TR A B A |
| I O PR SR SV I I |

. ,,g..lf W"\' ety
sl —

T T T

Fig 69. Histogram of R-G image Fig 70. Equalized histogram of R-G

image

Fig 71. Binarized image

- 17 -



ERIE

-

| 3kl

O];(

-~ 2
% )
| —_— ] i
s \HAI. .@ Lol j —_ it o
o T oy - X 1_ _ i
< — - [} k) = " t
2o o o= - 3 2 M
28 o o= ek R N i
= I R 4 o pal
TR 9 R < 1
oY AO il O.ﬁ 1 \m \ o A
Kowm oo O om 8 " o o
—_ = m 5 - o o 8¢ N
. " T # T g i} L 1; —~ —_
X 570 OE - % i = T
o e ojfet m N oy =0 - =
. - " i
¥ o, 2w ¥ § 7 ; = N ® i
~ s T W Ty o I o | " o
HE e On_ _ szv HV,.I 3 .A..m A WME Hl
T RS o o o a =
ol W Mo we o o ok o}l
o U = , i =0 ol ;
S S G L - o R - Na
~5 fiis N iy o ' o = —~— il il e —
Mf o | S ™ ol = . Mp.l 0
. . . X . ~-l —_ . i
- o GG ,m_ﬂ UM N A :L _ ™ ; v i
o] — e g — O ; .Ax_ - N L A
o s ™ K o o ; S LR < =
Kok 9 o A " e i ey - —~ )
w0 g w9 T e T RS - T
foxx ~ ~ } : - ~i
mow 5Py O0F w T T o o w FOR
= = oop % e R TS o o
0 S EL5E % ’ P oo+ 7 Tal
O R O CRRE yow — ol i
nm.o - _ ﬂ.Al e X f/..: ‘m_ﬂ ' O“v] ~r = :
i _— v X ool W3 Ol B
i E 7T "0 S~ X ) . o }
EE EW . mﬂ \;1_ _— 0 07 o
—_— ~d ' I
T o & e ol bk el NN ). o & W
gl g R — A4 o] s o | <
T3 a4 T 7 B o I = — Fod X
GO m g & T4 WF ol S
—_ — B = ——
= S ol 0 Y m E o _Mo H,Af
& v 57 Xm g X ;= = A 7
eoF g o T BN 50 )
a2 ) oTOmW e
> A Iy
Jioer T \ﬂ o 1_.@_“_ o % g 0 e
Lo e R N - 7 < o5 "
Mum <0 % _ o o= G~ S
| o — - —_— N !
= B ok X OB oS % e G
s _é.o o lJl -
B}

- 118 -

(29 72)

2,



=)
0
J

S
4
re
i
0
M
=
14
rlo
4
0g
=
=
I3
rlo
ko
i

%) e

Fig 72, Effect of extraction and expansion

BES s ZUE 7T

Fig 73, Effect of expansion and extraction

Fig 7 Lmage with noises

Fig 75 Smoothed image v

using expansion and

extracticn
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Tig 72. Effect of extraction and expansion
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(1% 73)

Fig 74. Image with noises Fig 75. Smoothed 1image by

using expansion and

extraction
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L}, o] AEHihe] 2HEd

AEEA 2ol WHAM AL 5SS Mty Aol 24 HES 22T T2}
Gk olAHrolA Ol2sHE EE fhio] 22 WEE sl T2 @ 2o

L o2 WS Yustt 222 b9 (ebeling)Olat TTH(IY 76, 2 79) ThE
2 #3476 HYEE ANE ZTY BUY TIYSA 2AFY ol

Step 1, E4E TV-tH AH{raster) £AE AHE FAMEICHOR 76)
Step 2, HEI B A s T NS HAE YA, O #ao sk ALE
o A ¥E HEE Eort

Step 3, Step 28] E4AE THLTE gEc T HEID E FHAd sk TE HE

a

g BUT, 0] 2A2 #HolBo] Hz9] HATRE AT T HoITHD
1) HAS HBoIMH MES WEE AWM} T HAT HS 1 1A W
HE AHo] T2 W BEIT
Step 4, TH EHES FAE A%stol oF WEIt Bol 97X 92 it o
Step 1~Step 381 M2 £ME M2 WEE BUL
.

Step 5. ZHY HA HAR(aster) £AP 26 O 2¥EH(akeling) YHZSS UL

O % | & ©
G &

Fig ™ Search of unlakeled Fig 77 Precess of lakel
plxel bve using TV -raster propagation

scarn
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o}, o) A shake] e

AAH AL Aol dsiA AAAel 5AE siAlstr] well 2zl RS FaE P

U o] X FAFo A o] £-E T KLAE spael 7R WMEE Suslan, o2 9l Ao

Tovbe He s el 2#e g Jabeling)o) v sk 78, el 79)  uS

= EREARS WEY duks e gbuly danv]srel A el Wyoly

Step 1. P& TV -2 2~E] (raster) FA R 2Fdl i FAFsIU (07 76)

Step 2. W27} o] A e ¢ 9] sl4d s, o] dhio) slo] A8
HaoodA ek WEE ey

Step 3. Step 2°] 3}4ALE FAlom gulekoe i Hal Qi sk Uslo] 2o WM
T OEATh o 2R #lojEe] Hxeol stARNE Aus] sh Agolul (Y
77 AlulE FHEolelA AR MEE dudlor & 3FA7F 912 uw 179 2
AR dAe e wE o) ol

Step 4. VAl BHEE FARE AESte] o4 Wiyl ol dH ke 34l o
Step 1~Step 3¢ Al A2 MES- WIS el

Step 5. 3P WAl ) Y (raster) FARF WS- W] 2 (labeling) €raE] S-S v

1
PN P

Fig 76. Search of unlabeled
pixel bye using TV -raster

scan
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Fig 78 Enualized hinary
itnage for labeling

Fig 73 Labeled binacy

2} Azt B3 AT 2UHA B
shewd EHgold WA, £900 Lol AEE, B4 IR L2 AP 7

Utk E 125 WEHY Lo SUPS LEHATE

Table 12 Characteristic of several image tvpe

=
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bz el
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Fig 78. Equalized binary

image for labeling
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Fig 79. Labeled binary
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& vlERELE

Table 12. Characteristic of several image type
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ohE E FH 2] Ee WA 252 Lo)E 023 T 22 A 78 + S
ix

B
c = LA (CofEE 4 @A L 280)  (6)

o] AolH co P2 Aol JIELE 100] INYAL, HO| BFEHH 22T

LOETH & gt JHA1 A 2ok
ghEE o S HAE Fits A Uaid 2.

xP

Center(X_, V. =

'Zl 'Zl (67)
ol A

= @FolME Atare] FHEAA QA Afate] e A HBE2 0T0lE O
F Abe] dAEAA My AFew, 2R BFEE3 2L a0k0l5e] HAS 7t
A ZhEd IHE U4ty H LA ST

Th
Fig 80 Lakeled image for Fig 81, Calibvated Image in
center position calibration center position
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il slabe] A9 WA el HolE olgalel thial B A Fak 4 v

Aol Aol A Cel e el AARFEH 100) AR, wYol HgHA A4

LoV #E dhs 7HAA o

i

Py sl A ANE el He el Ak

7

— g

Cente X, Y, = (—1— Elxi,"L E Vi) (67)
n =00 n &=

ATl Az Abae) Al A QA Alaol vjE

$ Aol QAT el A A9 AZlom, wR EEsFEe) 40%0] skl v

A el s A abgel ] A9 A

.

VA
Fig &1. Calibrated Image in

center position

i
Fig 80. lL.abeled 1mage for

center position calibration
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A QAR W Dol bk e Aelgel olsl AvhEabe] T s
Qi ole@ Felge AEEY] dd ved oAFH APE A, BAD 5
goletE g =
2] (recursive thresholding) W& Al&ste] @4 oA Ztz WA EAQEZ g4
o 4 84% PRIAT(TA 82 FAHA A RPe thet
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M
3
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¥°
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i
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Step 1. YHEF22HH R, G, Bell 8% s|2Ea9& 44 734, ojd |2
HL JELe] BE 99 2B

Step 2. Zt 3 2EIW I A(peak)S T332, 71 AFEZ(sharp)?dt #=2E 1EY. A
AR Ao 3= dAE T3, 1L AR o|FoR AF A9E 7t o
d9Le A &g},

Step 3. Step 214 P8R @4 99 R 2 we] Jmx A7A dodel ztzte] e

A Stepl ~Step2 ¢ AT E AFAZCE WHslT, FE g i FAEL

Wol s TG (HgM)e]l 2 H7tx] £ES HE|RT
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Fig 82 Diagramn for obstacle detection

Fiz 84 [mage divided
detection of obstacles into leaf, branch, appls
and shy
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New template

217 o] TG of A E_!:] o] el I} of A
v 22 R o= E RE

Fig 82. Diagram for obstacle detection

Fig 83. RGB image for Fig 84. Image divided
detection of obstacles into leaf, branch, apple
and sky

- 124 -




Apse] spatol grelmel olal steA A% golEel FA 9
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of

Foll A Rl E(moment) 542 AFEEAT(1YH 85) 31449

Ak ow g Aow AolHi

i

=
WE 5Ae
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Fig 85. Calculate center—position and direction of

obstacles by using moment characteristic
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Fig 86 Diagram of sterec image—processing
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TFig 86. Diagram of sterco image-processing
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