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SUMMARY

(FEFL%F)

I. TITLE
DEVELOPMENT OF GRAPE HARVESTER
IT. Objectives and importance of development

Most of fruit needs laboring greatly to harvest fruit in the period of
harvest season. Grape also needs requiring a lot of labor to harvest in
time, since harvesting of grape is cut and graped by hand. At abroad,
especially, a harvester of grape, which is not eat freshly raw grape fruit
but is processed to be made wine, was developed in France. However, a
harvester of grape which can eat fresh raw grape fruit haven’t not been
developed. Therefore, this study was designed and constructed to develope
the computer vision and end effector of the harvesting system.

Grape grippers need to be developed with compliance and tactile feedback.

Compliance means the gripper takes the shape of the grape fruit when cut
and gripped. In doing so compliance can reduce the amount of force
required to pick up a grape. Tactile feedback means the gripper and its
associated computer can determine the force applied, an extremely
important feature for preventing damage to sensitive agricultural products.
Computer vision plays an important role in the application of harvester to
agriculture. harvesting systems, incorporating computer vision, appear to be
an alternative with a potential for sucess.

Currently, a lot of labor needs to harvest a bunch of grape with simple,
repetitious and fatigue operation by hand. A bunch of grapes was located

at different height within 50cm = 150cm from ground. This height is one of



the most important factors to develop the computer vision system of fruit
harvester. Physical prosperity of grapes was measured and analyzed for its

gripper to cut and grip well a grape fruit,

M. Contents of development

Harvesting system of grape proved to be reliable system for recognizing
the position of a bunch of grape at the Cartesian coordinate and cutting
and gripping a fresh grape fruit in grape creeper. Its development involved
the integration of a computer vision system and end effecters along with
an PC computer. Software, written in visual C++, combined the functions of
image capture, image processing, and control into programs Two separate
programs, one for the end effector, and one for image processing, were

included in the software.

1) End-effecter system

In order to find average and standard deviation of size, shape of a
bunch grape, the grape farm was visited and investigated to find out the
important factors for end effector to be designed and built and to catch
and analyze images. The efficient end-effecter should reach very well a
bunch of grape without touching obstacle, such as leaf and stem in the
grape vine. Also, it was made as simple, small and light as possible.
Therefore, It was made duralumin, which is lighter material than iron, to
reach easily fresh grape fruit and reduce a torque.

1) The end effector, which designed and constructed for this project,
was an economical choice for cutting and gripping grape fruits growing in
a grape field environment.

2) After finding the optimum initial speed, slew speed, ramp speed, the
end effector proved to be a smooth operating end effector.

3) For verifying efficiency of the end-effecter, the control board was



designed and manufactured, and also developed the software to control the

motors in the end effector.

2) Image processing system

Grape fruit’s color is changed generally for harvesting grapes, which
have different colors many as different kinds. An color image processing
was carried out by using computer vision system for grape harvester.
Grape recognition in two dimensions could be to find out only object in
the background. However, in order to recognize the accurate position of
three dimensions, two different images were caught and analyzed
simultaneously from two cameras.

1) The computer vision system was designed and built by using two
cameras, which can rotate 180° and move to up and down, right and left
respectively to recognize the grapes at different direction.

2) Associative memory algorithm of neural network was developed to
recognize a pattern of fresh grape.
3) The image processing techniques were used to enhance geometrical

shape of grape in the grape field.

IV. The result and utilization of development

This study was conducted to develop the end-effecter system and
image processing system for harvesting grape. The harvest system proved
to find out the position of grape fruit and to cut and grip it.

Based on the results of research the following recommendations are
made for further study. First, an automatic manipulator system needed to
make the fruit out of the working zone. Second, a harvest system could be
developed for field harvesting operations. In this case, the system would be

mounted on a field machine for making skillful harvest of grape fruits.
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I e rA F aAZ ded, AA dAE F YA AddE HE 4

& @A (correspondence) & 71X 7FHE Bdstn 1 HolAe] ZolARE A
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=% FAste] tgulgel xgAxe da dojd duig A 7 4+ 9
=% FAAY. EF selesl AsgGAze] AFE Ao} Alolo] Zel Wz
dol AelE A=W folstEs 4A 2 uPEL THE A7 A
42 3@ WA L 97 vusel W] SoldEE AT BaAF ol

Enrico Grosso(1995)5 2 &%4/%F3 2H#HAL AlZ(Active/Dynamic
Stereo Vision)ol thal ZXAE& 93k HA AR EAH Al o
3 AFstAth. 2v 2HAL olnAdM B wAdA AU A=
271 A3 #RE ZFAUG wWiABNA nHFeE K ghege] A ¢
2 o] AErte]l olygt Adidew ZHA¥vrh  Narendra, Lynn

rok
1:\1
rir
ol
a

Abbott(1993)2 T & Al Z(Active stereo): W9 74 (Integrating Disparity), 3F
Al(Vergence), %4 (Focus), 7 (Aperture), ZHFAH S 98 Ao} dis] 4
TEAT 2E HolARY ZH9oZA 2H#H S W (disparity) & FxSHQATh
Fhelghe] At d=Fye zlole] EFE s ol&HW oo ug T4
(Integratiom)WHL w73 7€ A= AL vlgez 54 olnx9 WA
T @A, 23, A, 282 F)d o3 o] FARY. HEste T WA RA
= AlZAQ A dE(visual target)® EH B Y (surface reconstruction)”} ¢
ool e T o3 Ay ZARAE FFHI W] FEIA AGH
2 ZAEA vetkth 2388 242 A9 2me] A 0.15%< Bl
E UEY, EAEH Zolg LS wiAd die 9 AFHL o B3
A +d"ct. John Aloimonos(1987)5 & %% XAl ZH(Active Vision)e] 73
o o, 7IEHY B A9 EAEE Heldt 29 $F(active)olEt &
gde 98 TR F2 AAFAY 7153 uARSE Adsed 5Fo
Jrh 55 F4E A2 (perceptua) A o] S FAA7 7] Y #F2F

A4 2FAA GFE otk B ATNAE 7 RH nARANA S5
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shading)®} A= A4 (depth computation), S x2A¢ #HAHE F(shape from
contour), T H Y FAE T (shape from texture), ¥ 3 Yo ZHE 7|3e+
Z(structure from motion) FFARET FTFH #FFo] o IS RHAFE
t}.  Jorge Dias, Carlos Paredes 5-2(1998) ¢ol5 223 <1FAZ
2"9g o] &3l EAE FH7] AT AEHNA FHAPE ATIAH 1

i
N
N
e}
>

T °]% 2% (mobile robot)# ¥& A ZA2® (active vision system)& ©] &3l
A FHAA EAE wet FAEE HHE ATsAT o] AWML AGA
2¥& A3 Z2EE Aose HFE I =H(visual feedback)E ©]-8 3]
47k o] Alo] Alz®le] Jm Ao o AyHIL o]FRE A F3HE
He] s FEE, olgd F A A2"e A A FHolE EA
& UE2E A o|FREd I UFE MEE Ao HAH Au. TFA

ZFA| 2~ ¥l (active vision system)®] W@FF HR = Aoz 5 EE(target) S
FA 7)) ol &= T Aol e FH=9 ssolrt o AFeME HFL I
=l (yisual feedback)?®} AlA®e] &2UdE& 3% EA(compensation) g °©]&
o] AZbd mA, AL 3, ZAFo FAE AydH. sEAAALH
(active vision system)©o. 2 ZtFold olFZE L EXES wE 23

A=A 9 Axd Alolo A EAE HEgrt o] A2 FAHL F AFE 7HA
3 e, e AojAlad Atoldl A Aw At A|ZhA|Awlel ol AFE
YutA Q] F=w AHr ol Aot o] AT HAZ A o]FR
Bol go Aol FEE izt 4 HAE FHEI] A&l Az Aol
ZAE FEd EFo] Avh. BT AAA =S o] RN EA FAE HA
ZHreal-time)o.2 M =& 3t Yt HH Y2 Fhviet ojv A g W
sto} FteiEl 24 Wsete] #ARA Jacobiang 7HA I ZEE Aojstes HF
o) A B 7] F(visual servoing)-7HHZ &R -o] 9|3 Hz@r}t o] WL oln
2ol Rz RE s AA9 HEE 7€ F U= 5L A2 ATk
Coombs(1992)& 4<¢tAl Al ZH(binocular vision)& o] &3t} AATOZ Al ZHA
HE FHIEE AFSAT o] Alade iy EG)E o FAA A=dHe

T

B
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Faste] T oluRe HRE AZHHAYE AoHEF dASNHAY. oJHTE
TE ADATS goizl AT AxHQ AAHAE 25t

Papanikolopoulos(1993) #A X7} olujx] Hwd Hays EXNE FZ 37
A dUE el H s FFste HHoR FHAHE AIsAT Al
AN 2" 9 ZFHE ARE FF(optical flow)E 7EOE v ¢iEF
o <& AgHEd, o AN EAE FHI}/ FES AFEE A
Uz glon, 9599 onda EAAQ AFEL o2 WHE © T
24 dukx stgrh.  Allen(1993)& 344 oz EAE wet F3Ht= BH
Z AGA 2" Fo9 s AMEse, BA g sy EolH
~dozRE ANHW AHHHAE o] §FoTN AR AttH
olAth Ak EHsE @A ol FolXE, wyEdlHd Aol AL
3ol BAE FEIY 2R A Aok

Haodx= %3 A7t 9= (active vision principles)S 7|Wo R 3to] A&
go] spure 9§ A $¥ZHA AF(Large European Project)-Vision as
Process Project-ol #d3ti ok Alade @gdg A3 A7 Fhoz2e,
Fhea} Alo], AlZ ¥kAbE (ocular reflexes), QA1 G, oW X5, A2z
%] 2] %2 8} (perceptual grouping), %% 33¢Y =2 (active 3-D Modeling),
a8z B o A3 f3Hn gtk Fule] o3 Rud dAFEAE
A5(1998)e 5% AZg 9% A% 23 A2"e MLadn. 29 7=
F A7 A" Me AE 2H 2EE {Astd 7€ HYgMe AT =

olf

B zAwAol, gz Asel AdPAn 2 UAE IS ves
3 29 2de ARstAd 24 20 B5HQ 24 AL A8 F
Aze d9A wod 53 L6 ANS oSPF FHR 438 24

& ceptzte) 2Rzl ol §99 9P & wow, d=do 7L
Hasietes 2% 24 dRYFS AEEF U= A2 TARYG A5

(1994)& &Hole EA9 HAg fdtd 2HdQ shvgE A8 =25 vy
Fole e oA % A AolE AEBH|HE B FELS FAdsAT #
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glstdn. £5(1972 2H#H IYHHE o) &3 ErE HAHE &
A& MAstded. o] A7 oaH EvE FE2RALS A3 A zhA4
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?

ki
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sivietsl e MM F 2eohgolA 53 olgste] BAY 334 FRFF
#o e AT} o) Fojx 3 Yrh,

durg oz Agd YA Azdel v B2 1Y o) s
e, AAYR, F FFY L 94EA¥E FHEG 29 CCDAM R

BE Qed JAAsE RS-170 dEle] old2d Axz AFEH Aadd

Monitor

A

oy 2-1> 948 Al2&" Block Diagram

-~

o gA JdgR
Adg AR AFsE A JdEFAANRZE 48mmAZRE £33 Ikegami

Abel d® CCD 7HWlZHICD-703) 21 & AH&&th. 2 d7o4 AMEE Jhd)

oft



3o AQe ge P

<¥E 2-1> CCD Camera A%

Ttemy Specification
NTSC standard 525Lines
T V .
60 Field/sec 2:1
CCD camera Image sensor 1/3inch interline transfer CCD

(Model: ICD-703) Pixel elements 771(H) X 492(V)

Resolution 460TV Lines
S/N ratio 50dB(AGC OFF)

RS-170 1228Mhze9] o} 21 4% o= CCD 7HHlzgdA EddHE
FF AEE AFHGY dEHAE Yoty HAY Asgez WIH oo}
ok gAHEe gAX YRz tAgo]A(digitizer)dl & dAE 2dE=
MBS o] AT ol&dtd date HYE ATESF R YT +
(A "ot AFE Z2aP o FdE A A FAEEY HF
9] LUT(Look Up Table)E& ZAFo N AAEH A& EUHAZAA &<
g 4 U ol & Hste E dFAAE Corecort®] OCULSU TCI-SE PCI
Frame Grabber(CORECO Inc., St. Laurent, CANADA) & A}&3%t) o] #X
= A/D Convertor 7} WA¥ Input Device, Processing Device, Frame
Buffer Memory 7} ®£3%%¥ Storage block, D/A Convertor7} WZ€ Output
Device o2 FAH gttt £ dFoA AM8" AsAHF AL <&
2-2>9F Z}

_50_



# 2-2> OCULUS TCI-SE True Color Frame Grabber Specification

o IMAGE MEMORY 2MB

o IMAGE FRAME Linear Memory

o DISPLAY Uses Host Display

o OVERLAY MEMORY None

o BIT DEPTH 15 or 24 bit per pixel

o SOURCE RS-179, CCIR, NTSC, PAL

o Inputs 2 or 3 Composite inputs

o RESOLUTION 640 < 480 X 30 Frame/sec

3 zeEn

Add Az 94 2823 E PCE RYEHZ FHIT olv IA4HE

g 23 AP doHE R G BIYoz a0 B A7oA Aed
ZHEY AL 437 #Zoh

<# 2-3> VGA Color Monitor Specification

o Manufacturer Samsung

o Model No. SyncMaster 17GLi
o Resolution 1024 X768

o Frequency 60Hz

2. 2dg 2 vld Al 2~"l(Stereo Vision)

2L BlA A7 AAALE wARFHEE Aojdte g #EH
o o] = Z7]9 Pennsylvaniat 8t 4] R. Bajesyol <18 Al¢rE )
A2 Fo E. Krotkow?} 2L 74E& 73 249 Az ode 94
o MiZ=Ag AZYE ALE F J=E Fo2A, ZtZe] ojuAd Ui di&
ol 2HAA N A& dol A duitt A E FE + A=EE FHILAh
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Zte] Wstzdo]l AgE AAsted &olGdEE Ho o, Fo o AFE
21zt w7 ¥ = (sensory parameters)®] W EHFEE dnFE A AT A
2o o] dFe A A2"HE 1LHT WA R 93 wids WEE &
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A& Aol 71&719 @A wlmEd 2822 E3<4(Derivative) &
Aldsta YA A (Threshold)E A3t o)A A (edge point) 5L AE8 4+ ¢
9. 28y F&(noise)o] EAstE A $ol, o] AAAZAE B 299 o)X
dEstA Hed F o UL 292 938 32992 dRar)s =33

i

=90
= Al 99 GHE AAANE SHstE WES AR

< AAME AL FHARE A7) 98 ojMse AALE AR Ay
CEN Y SAYEE B3] AEstd 2o Yk 53 A2 o= g9
EE R 9919 BAE ox3 2 AARS duYSS AL5E o e
FAREFES de 5 U

A= F FH(region)d] AN A= FEL TaH, Gzt A
TS FAGAN HdRe EdLoz ygdr ok T 9o A7
(boundary)ell 23] W3S BHE7] 98 dHolth F2 gald Y= worg
(gray-level value)2 278 AH 59 ZAAZ oty Y& 20wA e
ol (edge) 8322 AP (transform)3t i YA o F&e AA dAe T4

 WHeRE, H4E A dAES FolyE Aol dut
AF AHAEY FEAHY EHFL daxEso] Hy
(direction)¥} ©] W3te] A=E YelUlE= 27 (magnitude)E A4t
Al AR dAE AR 02 JU4EE Ze 94979 AAd 98t
Holth. =348 AAsta Y AX (Threshold)E AE3te] x| dE5L
A Hed & d U2 245 98 Havds dxars 2HsE o
G G2 dAZVE A HHLS ALdd. =3 gZakx et
of 53] ¥ze ugg Holed AAMA 29 HZ}(ShoulderMV‘i
H 5 2H(zero-crossing) & oF7|5lH, YW W
BA=RAM A =275 el Sobel AAAE Y R FWo A
12 Hd&3e 32E e ojgd 42 e Jdx9 oy
1™ Template Matching €31 8&E% th: $AFS E4
= W diez 7% He B £ g
184S L 4 A8 W oA w2as Ho de 2 W ox
Aol Fel AFIaoY ALY 9% 7 W o= Az &

rd i
ol R

td

of

o

lo,

)
(%
&3
oo
tio
e
S
K
8]
H
=2
X
of
o)

pi)

-

Z2E o

=0 ®

N gl
=2
N

>
N

o
P
o

K
o

N
i

i
o ‘_’g

=

-81 -



Agro &2 zZHeA]

}(binary value)

o

o] "] A

=%
€]

T AU o

YE =S 2%

=
=

w3 ol dlXAA opdx

Sobel AAFAF Laplacian 44, Roberts

o HEAA oA AARE

o

W

s

O

0
o

S

AALR} Prewitt €4

HE

=0

H

3) Al st

uir

o
ol
~

of

s
ol
g

7N

=X
1T

71 s ArgET 7

sjZtozRy $RA WAYIN rpx et

N

J

o

™

JJJ
03
A
i+
ojy
i
el

%

A

i}
=]

ol

-
%4

Ar
op

)

-
ol
sl

HE R Hoj guth

Eis

st 712

3 daglE FAA 3x34 o]% AL chellA =A

AAE g WA 7

&4

=
=

AU =9 Tl Heo 72

=
y =

=2

te) 7t ol

)

X

d

oz Al

To!

_82_



4.

& AE AlaH

<ag 2-20> dFAg 489 o

¥ % ¢4 Main Program

GUI(Graphic User Interface)

o

Main Program®] i #7
MicrosoftAte] Visual C++2 7R3l gich

7o)



T2 AL AEA7F ZYE & 2
. A = T = 1 2
! ] T AT 4719 Views} G4y vl E

_84_



1318

X278 o

-23>

<1¥Y 2

Z233 A

-24>

<% 2

_85_



7h REFAE ol 4AE 2

w
N
rj\g
N
ox.
Lo,
pe
ft

g JHSERE Ao 239 ddoezRH ¥
AAE d4E EEE FAA A 334 X 2
A AGRAEE §5T 5 A& 33D AND4FAE 7P,
A" daFe FAAL A" e, T A4 ¢
(Stereo Vision)o.2 I A A R Eo =2 FAgC}
E Aol /MEd zzadd gaxg ¢ugEe
A dnzES Heste AHdM AA2 gn
ol dis 4¥8& stk <ad 2-25>9 <y 2-26
A AR Aot wiAE AEstA gL AA A

>
mO
2
Rch
a
P
=,

Aa) 2 B) +
<2¥ 2-25> WAL AT gAHE 2



(A) # (B) %
<I¥Y 2-26> WAL AR & FAAE 2F

<39 2-25>9 <29 2-26>04 & + 5ol WA Ate WA @
e Ane AL Aoz Ardn,
W Hg8 A 2ol o

Ao g Yeiyton 4 A=
<O 2-27>3 <29 2-28>8 o)A 3 wul
243 GAdAe 448 B

Ade PEE

T A

R

_87_



2]
=
=
A
0
o
™
w
N
\4

‘m.o
)

28> ol A

£

<9 2-27>3 <19 2

FAe A

Moz

EiR=

L
T

s

e SFA

s

Aol FHIE

o
o

o

™
ol
%0
i

1
£

priy
fite)

o2 vetuth
<29 2-29>¢ <29 2-30>S $19 #H

How HEANA T4

™

gy o)t

g

_88_



<a¥ 2-30> 5

fnt
Ay
o
St
i)

Aot 2 Moz HdULAdIRRAE o8& TE7A AT
FHE <F 2-4>9 Zo] vEyth

<E 2-4> ANAIFAE o8 T AYHE 2

No. A A7 2 (mm) A & A 2] (mm) 2 xH(mm)
1 500 495681 4319
2 600 604.141 4.141
3 700 702.068 3.309
4 800 802.539 5.319
5 900 898.550 3.474
6 1000 996.047 3.953
7 1100 1100.540 0.540
8 1200 ~ 1208.895 8.895
9 1300 1296.890 12.278
10 1400 1396.117 25.943

g — - 7.217

EFHA - — 7.342

Holl M dHEH dAA2 1100mm7A = 227} Smmelstz Bluz g%
& AFo] T A& ¢ & doh ZEY HdAA 1200mmeol el M &

- 89 -



. ¥

59 A A% 011/\1 e stacl sFete AAA
daty]l Ages #9Asn w3 oxel WA Fae
72mme] Yo, edel EEWAE 730mme dehdth wepd o
e ¥R $32 ARNE auY Asoldy S odu &
2 7bFsAol Bt BA AS Aed FREE xoly] AdHE we ¢
o st Abgol RFHu, = aelde W2 $F B¢ ndd A2d
Aol o g oz Busuh

1 I A -

2
ox
H1

Lo

Y. 2B H A AF Ix HE

(4

g ol A osiM AR 707FA S Bl vt E B
FE53ATh 53 A4S AANYE T 2EE AT F U=
B, ¢ GHolMe Lz A4 AXE o]&dd 2EH WAL T
=AY AYGE AFSA AYASS s 53 A Tx FAAE
HE <39 2-31>F <29 2-32>904 YEhY QT

o
rulo

atd
lo

it l-l:i

_90_



EE AE9Y

<229 2-31> AN TEAEHA o (D

_91_



ey BETE T

<ad 2-32> @ARNAY] T=HEAR o (D

-92_



A ZEAR G ALE A=F A= <E 2559 7T}

<3 2-5> @AM de 2RI AdE A9

No. AAAZ (mm) | ASA= (mm) 2. & (mm)
1 1011 973.607 37.393
2 1032 1035.151 3.151
3 1077 1080.387 3.387
4 1100 1104.424 4,424
5 1125 1129.486 4,436
6 1155 1155.639 0.639
7 1180 1182.955 2.955
8 1210 1211.513 1.513
9 1239 1241.397 2.397
10 1270 1272.700 2.700
11 1306 1306.524 0.476
12 1340 1339.980 0.020
g 3t - - 5.295
ETHA - - 10.214

AAY oz AAAS AZALL] 2247} 5mm o WE vl@H P

of o]FAR A& & F vk @A 1M EE G4 A 3TmmA =
A
T

Ao

9E Holn gt AL ¥ & Uk ok AAAY AZHAAN YT ©
%

Az Q7w AAA Aol 2

- 93 -



ol g3

=
=

Paizk 5 e gh

o wEA 3%

4

2 Azte meshe

A A9 3%

g 95g
2 29

Al A=l Z R

3]

ek

™
o

Ar
<

}_

A

=
L

3 gt 2e 2

i

&% 73

B

A=
e

3
M_a

3t A

o] H8

A AAA

=
=

TE o8¢ HudAY 2EHL I A A

X

o2d
2 1100mm7t 3|

SRR E

5]

= 2%7} 5mmo)
ot 2y AAAE 1200mme] /el A

2 A7}

yal
Al

10mm o|Ae 2 Hlw

A2 7b EoiA

[e}]
AA
aA ved A& ¢ & Atk

ES
A A

o] =

of A dstae] 3

=
=

g AT

Al
=

% A3

Fd AdA

[«
P

AE

B
hod

Azrel @47 5mm o]

=
=1

AAZ e A

2 JdHA

_94_



)

&

o

a

[1] Gopalasamy Athithan., Chandan Dasgupta. 1997. On the Problem of
Spurious Patterns in Neural Associative Memory Models. IEEE Trans.
Neural Network. Vol.8(6);1483~1491.

[2] Hagan., Demuth., Beale. 1996. Neural Network Design. PWS Press.

[3] Kah Kay. Sung., Tomaso Poggio. 1998. Example-Based Learning for
View-Based Human Face Detection. IEEE Trans. on Pattern Analysis and
Machine Intelligence. Vol.20(1);39~50.

[4] Lee, Dae-Weon. 1990. A robotic and vision system for locating and
transferring container grown tobacco seedlings. Ph. D. Thesis Department
of biological and agricultural engineering, North Carolina state university,
Rleigh, NC.

[5] Pla, F., F.Juste, F. 1993. Color Segmentation based on a Light
Reflection Model to Locate Citrus Fruits for Robotic Harvesting. Computer
Electron. Agric. Vol.9(3):5 3~70.

[6]1 Harrell, R. C.,, P. D. Adsit. 1990. The Florida Robotic Grove-Lab. Trans
of the ASAE Vol.8(33);391~399.

[7] A49, 54, 19%. ¢ A4 Wz /idd g wd JR )53

F=i AL Vol.23(3);280~286.

(8] 4d. 1992. 213327 AFE HlA. FEASEA]. Vol.10(2);39~48.
[9] William Kleitz. Digital Electronics. 1996

f10] Devaaemink, R. M. 1985. vision systems and robotics in food
processing. ASAE and SME, Proceedings of the Agri~-Mation I Conference
& Exposition.

[11] Lea, Dae-Weon, A Robotic and Vision System for Locating and

Transferring Container Grown Tabacco Seedling, Ph. D THesis, Department

_95_



of Biological and Agricultural Engineering, North Carolina State University,
Raleigh, NC. 1990

[12] Hwang, H.f. e. sistler. 1985. The implementation fo a robotic machine.
ASAE and SME, Proceedings of the Agri-Mation I Confernce &
Exposition.

[13] Mikell P. Groover, Mitchell Weiss, Roger N. Nagel, Nkcholas G. Odrey,
Industrial  Robotics;  Technology, Programming, and  Applications,
McGraw-Hill Book Company, 1986

{14] KIM Ki Kae, Saigehisa OZAKI Takayuki KOGIMA. Development of an
automatic robot system for a vegetable factory. 1955. JSAM Vol.1

[15] Naoshi KONDO, Yoshiaki NISHITSUJI, Yasunori SHIBANO, Kentaro
MOHRI, Mitsuji MONTA, Hisaya YAMADA. 1995. Visual feedback control
of pretty-tomato harvesting robot. JSAM Vol.l

_96_.



// ImageSource h: interface for the ClmageSource class,

/7

#if !defined(AFX_IMAGESOURCE_H__D1063B98_0F04_40F6_AB86_E31DCRIDD6ED7__INCLUDED )
#define AFX_IMAGESOURCE_H_ D1063B98_0F04_40F6_AB86_E31DCBIDD6D7__INCLUDED_

#if MSC VER > 1000
Hpragma once
#endif // _MSC VER > 1000

class ClmageSource

{

public:
float HLSValue(float ml, float m2, float H):
void HLSToRGB():
void RGBToHLS():
void BuffColor():
void TempColor():
void Resul tColor():
void InitTempColor():
void InitBuffColor():
void HistogramGray():
void HistogramColor()
void SobelMaskColor()

void CannyMask():

void Thining():

void LaplacianMask( );

void RobertMask(}:

void PrewittMask():

void SobelMask():

void HistogramStColor():

void HistogramSt();

void HistogramEqColor():

void HistogramEq():

int GetOrgRValue(int i, int j):

int GetOrgGValue(int i, int j):

int GetOrgBValue(int i, int j);

int GetOrgGrayValue(int i, int j);

)
)

'
’

int GetRstRValue(int i, int j):
int GetRstGValue(int i, int j):
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int GetRstBValue(int i, int j);
int GetRstGrayValue(int i, int j);
int GetTmpRValue(int i, int j);
int GetTmpGValue(int i, int j);
int GetTmpBValue(int i, int j):
int GetTmpGrayValue(int i, int j):
int GetBufRValue(int i, int j)
int GetBufGValue(int i, int j)
int GetBufBValue(int i, int j):
int GetBufGrayValue(int i, int j);

ClmageSource( ):
virtual “~ClmageSource();

COLORREF m_cOrgColor{320][240]:
OOLORREF m_cRstColor[320][240]:
COLORREF m_cTmpColor[320][240];
OOLORREF m_cBufColor[320][2401:
COOLORREF ‘m_cHLSColor[320]{240]:

int HistoGray[256];

int HistoRed[256];

int HistoGreen[256]:

int HistoBlue[256]:

int Sum Of HistoGray[256]:
int Sum_Of HistoRed[256]:
int Sum Of HistoGreen[256]:
int Sum Of_HistoBlue[256];

int Gray Histolevel[240][256]:
float m_fHColor[320]1[240]:
float m_fSColor[320][240]:
float m_fLColor[320][240];

h

#endif // 'defined(AFX_IMAGESOURCE H_ D1063B98_OF04_40F6_AB36_E31DCBIDDGD7__INCLUDED )
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// lmageSource, cpp: implementation of the ClmageSource class.
// ‘

#include “stdafx.h”
#include “ImageSource. h”
#include “math.h”

#ifdef _DEBUG

#undef THIS FILE

static char THIS_FILE[]=_ FILE_ :
#define new DEBUG_NEW

#endif

LI71777770777770777 770770777770 207772007077777077777070077077777777777

// Construction/Destruction
LILILPILIITI7 7770770777107 7 077777707777 7777772077777/77777777774777777

ClmageSource: : CImageSource( )

{
}
ClmageSource: : “CImageSource( )
{
}
int ClmageSource: :GetOrgRValue(int i, int j)
{

return GetRValue(m cOrgColor{il[j]):
}
int ClmageSource: : GetOrgGValue(int i, int j)
{

return GetGValue(m cOrgColor[il[jl):
}
int ClmageSource: : GetOrgBValue(int i, int j)
{

return GetBValue(m cOrgColor[il[jl):
¥
int ClmageSource: :GetOrgGrayValue(int i, int j)
{

return (int)((GetOrgRValue(i, j) + GetOrgBValue(i, j) + GetOrgGValue(i, j))/3)
}
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int ClmageSource: :GetRstRValue(int i, int j)

{
return GetRValue(m_cRstColor[il[j]):
}
int ClmageSource: :GetRstGValue(int i, int j)
{
return GetGValue(m cRstColor[i][j]):
}
int ClmageSource: :GetRstBValue(int i, int j)
{
return GetBValue(m cRstColor[il[j]):
}
int ClmageSource: :GetRstGrayValue(int i, int j)
{
return (int)({(GetRstRValue(i, j) + GetRstBValue(i, j) + GetRstGValue(i, j))/3)
}
int ClmageSource: : GetTmpRValue(int i, int j)
{
return GetRValue(m cTmpColorfi]l[jl);
}
int ClmageSource: :GetTmpGValue(int i, int j)
{
return GetGValue(m_cTmpColor{i][jl);
}
int ClmageSource: :GetTmpBValue(int i, int j)
{
return GetBValue(m_cTmpColor{il[jl):
}
int CImageSource: : GetTmpGrayValue(int i, int j)
{
return (int)((GetTmpRValue(i, j) + GetTmpBValue(i, j) + GetTmpGValue(i, j))/3)
}
int ClmageSource: :GetBufRValue(int i, int j)
{
return GetRValue(m cBufColor[i][j]):
}
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int ClmageSource: :GetBufGValue(int i, int j)

{
return GetGValue(m cBufColor[i][jl):
}
int ClmageSource: :GetBufBValue(int i, int j)
{
return GetBValue(m cBufColor[il{j]):
}
int ClmageSource: :GetBufGrayValue(int i, int j)
{
return {int)((GetBufRValue(i, j) + GetBufBValue(i, j) + GetBufGValue(i, j))/3)
}
void ClmageSource: : Ini tTempColor()
{
int i, Jj:
for (j=0; j<240: j++)
{
for (i=0: i<320: i++)
{
m_cTmpColor[i][j] = RGB(0, 0, 0):
}
}
}
void ClmageSource: : InitBuffColor()
{
int i, Jj:
for (j=0: j<240: j++)
{
for (i=0: i<320; i++)
{
m_cBufColor{il[j] = RGB(0, 0, 0):
}
}
}

void CImageSource: :ResultColar()
{

int i, j:
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for (j=0; j<240: j++)

{ for (i=0: i<320: i++)
{ m_cRstColor[i1[j] = m_cTmpColor[i][j]
} }
}
void ClmageSource: : TempColor()
{ int i, j:
Ini tTempColor():
for (j=0; j<240: j++)
{ for (i=0: i<320: i++)
{ n_cTmpColor{il[j] = m_cRstColor[i}[J]
} }
}
void CImageSource: :BuffColor()
{ int i, j:
Ini tBuffColor();
for (j=0: j<240: j++)
{ for (i=0: 1¢320; i++)
{ m_cBufColor{il[j] = m_cRstColor[il[J]
} }
}

void ClmageSource: :HistogramFq( )
{
int i, j, 2
int k = 0, sum = 0, TotalPixel = O:

for (i=0: i<256: i++)
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HistoGray[i] = 0:
Sum Of HistoGray[il = O:

}
for (j=0: j<240: j++)
{
for (i=0: i<320: i++)
{
k = GetRstGrayValue(i, j):
HistoGray[k] = HistoGray[k] + 1;
}
}
for (i=0; i<256: i++)
{
sum = sum + HistoGray[il:
Sum_Of HistoGray[i] = sum:
}

TotalPixel = 320 % 240;

for (j=0i j<240; j++)

{
for (i=0: i<320: i++)
{
k = GetRstGrayValue(i, j):
z = (int)(Sum_Of HistoGray[k] * (255.0 / TotalPixel))
m_cRstColorfil[j] = RGB(z, z, z):
}
}

}

void ClmageSource: :HistogramEqColor( )
{
int i, j, r, g bs
int rk=0, gk=0, bk =0:
int rsum = 0, gsum = 0, bsum = O;
int TotalPixel = 0:

for (i=0; i<256: i++)

{
HistoRed[i] = O:
HistoGreen[i] = 0:
HistoBlue[i] = O:
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Sum Of HistoRed[i] = 0:
Sum_Of _HistoGreen[i] = 0:
Sum Of HistoBluefi] = O:

}
for (j=0: j<240: j++)
{
for (i=0; i<320: i++)
{
rk = GetRstRValue(i, j):
HistoRed[rk] = HistoRed[rk] + 1:
gk = GetRstGValue(i, j):
HistoGreen[gk] = HistoGreen[gk] + 1:
bk = GetRstBValue(i, j):
HistoBlue[bk] = HistoBlue[bk] + 1:
}
¥
for (i=0: i<256; i++)
{
rsum = rsum + HistoRed[i]:
Sum Of HistoRed[i] = rsum:
gsum = gsum + HistoGreen[il:
Sum_Of HistoGreen[i] = gsum;
bsum = bsum + HistoBlue[il;
Sum_Of HistoBlue[i] = gsum:
}

TotalPixel = 320 % 240:

for (j=0: j<240: j++)
{
for (i=0: i<320; i++)
{
rk = GetRstRValue(i, j):
gk = GetRstGValue(i, j):
bk = GetRstBValue(i, j);
r = (int)(Sum_Of HistoRed[rk] * (255.0 / TotalPixel)):
g = (int){(Sum_Of HistoGreen[gk] % (255.0 / TotalPixel))
b = (int)(Sum_0Of HistoBlue[bk] % (255.0 / TotalPixel));

m cRstColor[i][j] = RGB(r, g b):
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void ClmageSource: :HistogramSt()
{
int i, j, zi
int lowthresh = 0, highthresh = 255;
int LookUpTable[256]:
float scalefactor;

for (i=0: i<256: i++)

{
HistoGray[i] = 0:
}
for (j=0: j<240; j++)
{
for (i=0: i<320: i++)
{
HistoGray[GetRstGrayValue(i, j)]++
}
}
for (i=0; i<256; i++)
{
if (HistoGrayf[i])
{
lowthresh = i:
break:
}
}
for (i=255: i>0: i--)
{
if (HistoGray[il)
{
highthresh = i;
break:
}
}
for (i=0: i<lowthresh; i++)
{
LookUpTable[i] = 0:
}

for (i=highthresh: i>): i--)
{
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LookUpTable[i] = 255:
}

scalefactor = {float)(255.0 / (highthresh - lowthresh)):

for (i=lowthresh; i<highthresh: i++)

i LookUpTable[i] = (int)((i - lowthresh) % scalefactor)
for (j=0: j<240: j++)
{ for (i=0: i<320: i++)
{ z = LookUpTable[GetRstGrayValue(i, j)l:
m_cRstColor[i1[j] = RGB(z, z, 2):
\ }

}

void ClmageSource: :HistogramStColor()
{
inti, j, r, g b: .
int lowthreshr = 0, highthreshr = 255:
int lowthreshg = 0, highthreshg = 255:
int lowthreshb = 0, highthreshb = 255
int LookUpTableRed[256]:
int LookUpTableGreen[256]:
int LookUpTableBlue[256]:
float rscalefactor:
float gscalefactor:
float bscalefactor:

for (i=0; i<256: i++)

{
HistoRed[i] = O:
HistoGreen[i] = 0:
HistoBlue[i] = O:
}

for (§=0i j<240: j++)
{
for (i=0; i<320: i++)
{
HistoRed[GetRstRValue(i, j)]++:
HistoGreen[GetRstGValue(i, j)]++:
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}

HistoBlue[GetRstBValue(i, j)]++

for (i=0; i<256: i++)

{

}

if (HistoRed[il)

{
lowthreshr = i:
break:

for (i=0; i<256: i++)

{

}

if (HistoGreen[i])

{
lowthreshg = i:
break:

for (i=0; i<256: i++)

{

}

if (HistoBlue[i])

{
lowthreshb = i:
break;

for (i=255: id0: i--)

{

}

if (HistoRed[il)

{
highthreshr = i;
break:

for (i=256; iY0: i--)

{

if (HistoGreen[il})

highthreshg = i;
break:
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}
for (i=255: i>0: i--)
{
if (HistoBluel[il)
highthreshb = i;
break:
}
}
for (i=0: i<lowthreshr; i++)
{
LookUpTableRed[i] = 0;
}
for (i=0: i{lowthreshg: i++)
{
LookUpTableGreen[i] = O:
}
for (i=0: i<lowthreshb: i++)
{
LookUpTableBlue[i] = 0:
}
for (izhighthreshr; i>0: i--)
{
LookUpTableRed[i] = 255:
}
for (i=highthreshg: i>0; i--)
{
LookUpTableGreen[i] = 255:
}
for (ichighthreshb: i>0: i--)
{
LookUpTableBlue{i] = 255:
}

rscalefactor = (float)(255.0 / (highthreshr - lowthreshr))
gscalefactor = (float)(255.0 / (highthreshg - lowthreshg))
bscalefactor = (float)(255.0 / (highthreshb - lowthreshb))
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for (i=lowthreshr; i<highthreshr: i++)

{
LookUpTableRed[i] = (int)((i - lowthreshr) * rscalefactor):
}
for (i=lowthreshg; i<highthreshg: i++)
{
LookUpTableGreen[i] = (int)({i - lowthreshg) * gscalefactor)
}
for (i=lowthreshb: i<highthreshb: i++)
{
LookUpTableBlue[i] = (int)((i - lowthreshb) * bscalefactor):
}
for (j=0: j<240; j++)
{
for (i=0:; i<320: i++)
{
r = LookUpTableRed[GetRstRValue(i, j)I:
g = LookUpTableGreen[GetRstGValue(i, j)]:
b = LookUpTableBlue[GetRstBValue(i, j)l:
m cRstColor[i]1[j] = RGB(r, g, b):
}
}

}

void ClmageSource: : SobelMask( )
{
int i, j, X, v
int CenterValueX = 0, CenterValueY = 0;
int sum = 0
int SobelMaskX[3][3] = {-1, 0, 1,

int SobelMaskY[3][3] = {1, 2, 1,

InitTempColor():

for (j=0: j<237: j++)
{
for (i=0: i<317: i++)
{
for (y=0: y<3i y++)
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for(x=0: x<3; x++)
{
CenterValueX += GetRstGrayValue(i+x
j+y) % SobelMaskX[x][yl:
CenterValueY += GetRstGrayValue(i+x
Jj+y) * SobelMaskY[x][y]:
}

}
sum = abs(CenterValueX) + abs(CenterValueY):
if (sum > 255)
{
sum = 255;
}

m_cTmpColor[i+1][j+1] = RGB(sum, sum, sum);
CenterValueX = 0;
CenterValueY = 0:

sum = 0:
}
}
Resul tColor():
for(j=0; j<240: j++)
{
for(i=0; i<320: i++)
{
if (GetRstGrayValue(i, j) < 100)
{
m_cRstColor[i][j] = RGB(0, 0, 0):
else
{
m_cRstColor{il[j] = RGB(255, 255, 255):
}
}
}

}

void ClmageSource: : PrewittMask()
{
int i, j, x, i
int CenterValueX = 0, CenterValueY = 0:
int sum = 0;
int PrewittMaskX[3}[3] = {-1, O, 1,
-1, 0, 1,
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-1, 0, 1}

int PrewittMaskY([3][3] = {1, 1, 1,

InitTempColor( ):

0, 0, 0,
-1, -1, -1}

for (j=0; j<237: j++)

{

for (i=0;

{

J+y) * PrewittMaskX[x][y]:

Jj*y) * PrewittMaskY[x][y]:

}

ResultColor():

i€317: i++)
for (y=0: y<3: y++)
{ for(x=0; x<3: x++)
{ CenterValueX += GetRstGrayValue(i+x
CenterValueY += GetRstGrayValue(i+x
}
}

sum = abs(CenterValueX) + abs(CenterValueY):
if (sum > 255)
{
sum = 255;
}

m_cTmpColor[i+1][j+1] = RGB(sum, sum, sum):
CenterValueX = 0:

CenterValueY = O:

sum = 0:

for(j=0; j<240: j++)

{

for(i=0; i<320: i++)

{

if (GetRstGrayValue(i, j) < 25)

m_cRstColor[i][j] = RGB(0, 0, 0):
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}

m_cRstColor[i][j] = RGB(255, 255, 255):

void ClmageSource: : RobertMask( )

{

int 1, j, %, yi

int CenterValueX = 0, CenterValueY = 0:

int sum = 0.

int RobertMaskX[3][3] = {0, 0, -1,

int RobertMaskY[3][3] = {-1, 0, O,

Ini tTempColor();

0,1, 0,
0, 0, 0}:
0,1, 0,
0, 0, O}

for (j=0: j<237: j++)

{

for (i=0; i<3l7: i++)

{

J+y) * RobertMaskX[x][y]:

J+y) * RobertMaskY[x][yl:

for (y=0: y<3; y++)

{ for(x=0: x<3; x++)
{ CenterValueX += GetRstGrayValue(i+x
CenterValueY += GetRstGrayValue(i+x
}
t

sum = abs{CenterValueX) + abs(CenterValueY):
if (sum > 255)
{
sum = 255;
}

m_cTmpColor[i+11[j+1] = RGB(sum, sum, sum);
CenterValueX = 0;

CenterValueY = 0:

sum = 0s
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Resul tColor():
for(j=0: j<240: j++)

{
for(i=0; i<320; i++)
{
if (GetRstGrayValue(i, j) < 25)
{
m_cRstColor[i][j] = RGB(0, 0, 0):
}
else
{
m_cRstColor[i]l[j] = RGB(255, 255, 255):
}
}
}
}
void ClmageSource: : LaplaciarMask( )
{
int i, j, X, v:
int CenterValue = 0:
int sum = 0:
int LaplacianMask[3][3] = {-1, -1, -1,
-1, 8, -1,
-1, -1
-1}
Ini tTempColor():
for (j=0: j<237: j++)
{
for (i=0: i<317: i++)
{
for (y=0: y<3: y++)
{
for(x=0: x<3; x++)
{
CenterValue +=  GetRstGrayValue(i+x
Jj+y) * LaplacianMask[x][y]:
}
}

sum = abs(CenterValue):
if (sum > 255)
{

sum = 255:
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}

n cTopColor[i+1]1[j+1] = RGB(sum, sum, sum):

CenterValue = 0:
sum = 0;
}
}
Resul tColor( ):
for(j=0: j<240; j++)
{
for(i=0: 1<320; i++)
{
if (GetRstGrayValue(i, j) < 40)
m_cRstColor[i][j] = RGB(0, O, 0):
}
else
{
m cRstColor[i][j] = RGB(255, 255, 255)
}
}
}

¥

void ClmageSource: : Thining()
{
int i, j:
intca=0, ¢cb=0, cc =0, cd =0, total = 0:
intnpl =0, spl =0, hv = 0;
int count = 0, check = 0, flag =0, cz = 0:

do
{
for (j=1: j<239: j++)
{
for (i=1; i<319; i++)
{
m_cTmpColor[i][j] = RGB(O, 0, 0);
}
}
flag = 0:
check = count % 2;
count++;
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for (j=1: j<239: j++)

{
for (i=l: i<319: i++)
{
if (GetRstGrayValue(i, j) == 255)
{
ca = 0;
cb = 0
cc =0
cd = 0;
spl = 0;

npl = GetRstGrayValue(i-1, j-1) + GetRstGrayValue(i-1, j)

+ GetRstGrayValue(i-1, j+1) + GetRstGrayValue(i, j-1)

+ GetRstGrayValue(i, j+l1) + GetRstGrayValue(i+l, j-1)

+ GetRstGrayValue(i+l, j) + GetRstGrayValue(i+l, j+1):
if (npl >= 2%255 && npl <= 6%255)

{
ca=90
}
else
{
ca=1
I3
if (GetRstGrayValue(i-1, j) == O &k GetRstGrayValue(i-1, j+1) == 255)
{
spl++;
}
if (GetRstGrayValue(i-1, j+1) == O &% GetRstGrayValue(i, j+1) == 255)
{
spl++;
}
if (GetRstGrayValue(i, j+1) = 0 &% GetRstGrayValue(i+l, j+1} == 255)
{
spl++;
}
if (GetRstGrayValue(i+l, j+1) == O &% GetRstGrayValue(i+l, j) == 255)
{
spl++;
}
if (GetRstGrayValue(i+l, j) = O && GetRstGrayValue(i+l, j-1) == 255)
{
spl++;
}

if (GetRstGrayValue(i+l, j-1) == 0 & GetRstGrayValue(i, j-1) == 255)
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{

spl++;
}
if (GetRstGrayValue(i, j-1) == 0 &% GetRstGrayValue(i-1, j-1) == 255)
{
spl++;
}
if (GetRstGrayValue(i-1, j-1) == 0 &k GetRstGrayValue(i-1, j) == 255)
{
spl++;
}
if (spl == 1)
cb =0;
}
else
{
cb=1:
}
if (check == 0)
{

cc = GetRstGrayValue(i-1, j) * GetRstGrayValue(i, j+1) * GetRstGrayValue(i+l, j):
cd = GetRstGrayValue(i, j+1) * GetRstGrayValue(i+l, j) % GetRstGrayValue(i, j-1):
}
else
{
cc = GetRstGrayValue(i-1, j) * GetRstGrayValue(i, j+1) * GetRstGrayValue(i, j-1):
cd = GetRstGrayValue(i-1, j) * GetRstGrayValue(i+l, j) * GetRstGrayValue(i, j-1):
}

total =ca |l ¢cb |} cc Il cd:
if (total)
{
m_cTmpColor{il{j] = RGB(255, 255, 255);
}
else
{
flag = 1;
}

}
}
for (j=1: j<239; j++)
{
for (i=l; i<319; i++)
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m_cRstColor[i][j] = m cTmpColor[illj]:

}
} while (flag):

for (j=1: j<239: j++)

{
for (i=1: i<319: i++)
{
hv = 0:
if (GetRstGrayValue(i, j) == 255)
{
if (GetRstGrayValue(i-1, j) == 255 & GetRstGrayValue(i, j+1) == 255)
{
hv++:
}
if (GetRstGrayValue(i, j+1) == 255 &% GetRstGrayValue(i+l, j) == 255)
{
hv++;
}
if (GetRstGrayValue(i+l, j) == 255 && GetRstGrayValue(i, j-1) == 255)
{
hv++:
}
if (GetRstGrayValue(i, j-1) == 255 &% GetRstGrayValue(i-1, j) == 255)
{
hv++3
}
if (hv = 1)
{
m_cRstColor[il{j] = RGB(O0, 0, 0);
}
}
}
}

}

void ClmageSource: : CannyMask( )
{
int i, j, x, y;
intc=0, cc=0:
int CenterValue = 0;
int CannyMask([5][5] = {2, 4, 5, 4, 2,
4,9, 12, 9, 4,
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5, 12, 15, 12, 5,

4,9, 12, 9, 4,
2, 4, 5, 4, 2}
InitTempColor():
for (j=0: j<240: j++)
{ for (i=0: i<320: i++)
{ for (y=0: y<5: y++)
{ for(x=0: x<5; x++)
Oenter'Valu{e += GetRstGrayValue(i+x, j+y) % CannyMask[x]lyl:
} }

if (CenterValue > 255)

CenterValue = 255:
}

m_cTmpColor[i+2][j+2] = RGB((int)CenterValue, (int)CenterValue, (int)CenterValue):
CenterValue = 0:
}
}

for (j=1: j<240: j++)
{
for (i=1: i<¢320: i++)
{
cc = -GetRstGrayValue(i-1, j-1) - 2 % GetRstGrayValue(i-1
j) - GetRstGrayValue(i-1, j+1):
cc += GetRstGrayValue(i+l, j-1) + 2 * GetRstGrayValue(i+l
j) + GetRstGrayValue(i+l, j+1):
¢ = abs(cc);

cc = -GetRstGrayValue(i-1, j-1) - 2 * GetRstGrayValue(i
j-1) - GetRstGrayValue(i+1, j-1):

cc += GetRstGrayValue(i-1, j+1) + 2 * GetRstGrayValue(i
j+1) + GetRstGrayValue(i+l, j+1):

¢ += abs(cc):

if (¢ > 255)
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c = 255;

}
else if (c < 100)
{
c=0;
}
m_cTmpColor[i]l[j] = RGB((int)e, (int)e, (int)c):
I
}
Resul tColor( );
for(j=0; j<240: j++)
{
for(i=0: i<320: i++)
{
if (GetRstGrayValue(i, j) < 100)
m_cRstColor[i1[j] = RGB(0, 0, 0):
else
{
m_cRstColor[il[j] = RGB(255, 255, 255)
}
}
}
}
void CImageSource: :HistogramColor()
{
int i, j:

int rk =0, gk=0, bk =0;

for (i=0: i<256: i++)

{
HistoRed[i] = O:
HistoGreen[i] = 0:
HistoBlue[i] = 0:
}

for (j=0; j<240: j++)
{
for {(i=0: i<320; i++)
{
rk = GetRstRValue(i, j);
HistoRed[rk] = HistoRed[rk] + 1:
gk = GetRstGValue(i, j):
HistoGreen[gk] = HistoGreen[gk] + 1:
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bk = GetRstBValue(i, j):
HistoBlue[bk] = HistoBlue[bk] + 1:

}
I3
}
void ClmageSource: :HistogramGray( )
{
int i, ji
int k = 0
for (i=0; i<256: i++)
{
HistoGray[i] = 0:
}
for (j=0: j<240: j++)
{
for (i=0; i<320: i++)
{
k = GetRstGrayValue(i, j):
HistoGray[k] = HistoGray[k] + 1:
}
}
}

void ClmageSource: : RGBToHLS( )
{
int i, j:
float max, min, R, G, B, delta, H L, S:

for (j=0: j<240; j++)
{
for (i=0; i<320: i++)
{
R = (float)(GetRstRValue(i, j) / 255.)
G = (float)(GetRstGValue(i, j) / 255.)
B = (float)(GetRstBValue(i, j) / 255.)

max = R;
if (max < G)
{
max = G
}
if (max < B)
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max = B;

t
min = R
if (min > G)
{
min = G;
}
if (min > B)
min = B:
}

L = (float)((max + min) / 2.);
if (max == min)

{
S=0.;
H = (float)-0.1
}
else
{
delta = max - min:
if (L<0.5)
{
S = (float)(delta / (max + min));
}
else
{
S = (float)(delta 7 (2. - max - min))
}
if (R == max)
{
H = (float)((G - B) / delta);
}
else if (G == max)
{
H = (float)(2. + (B - R) / delta):
}
else if (B == max)
{
H = (float)(4 + (R - G) / delta):
}
H %= 60.;
if (H<O0.)
{

H += 360.;
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}
}
m_fHColor[i]1Lj] = H:
m_flColor{i][j] = L:
m_fSColor[il{j] = S:

}

void ClmageSource: : HLSToRGB( )
{
int i, j, r, g b
float ml, m2, R, G, B, H, L, S:

for (j=0: j<240: j+-+)
{
for (i=0: i<320; i++)
{
H = m fHColor[i][j]:
L = m_flColor[i][j]:
S = m_fSColor{illjl:

if (L<=0.5)

m2 = (float)(L * (1. + S)):

}
else
{
m2 = (float)(L + S - L * S);
}
ml = (float)(2. *x L - m2):
if (§=0.) '
{
if (H == (float)-0.1)
{
R=G=B=L;
}
else
{
R=G=B=0,:
}
}
else
{

R = HLSValue(ml, m2, (float)(H + 120.))
G = HLSValue(ml, m2, H);
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B = HL.SValue(ml, m2, (float)(H - 120.))

(int)(R * 255. );
(int)(G % 255, ):
(int)(B * 255.):

f (r > 255)

e OO0 00 3

r = 255;
}
if (g > 255)
{

g = 255;
}
if (b > 255)
{

b = 255:
}
if (r<0)

b=20:

m _cHLSColor[i]1[j] = RGB(r, g, b):

}
float ClmageSource: :HLSValue(float ml, float m2, float H)

{
if (H> 360.)
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return {float)(ml + (u2 - ml) * H / 60.):
}
if (H < 180.)

return m2:
}
if (H< 240,)

return (float)(ml + (m2 - ml) * (240. - H) / 60.)
}

return ml:
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