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ABSTRACT

With the rapid development of agricultural production, the cost of agriculture
labor force will become more and more costly. In recent years, the agricultural
application of robot technique have already become popular issue, because of the
shortage of the agriculture labor force both in developed countries and developing
countries. Different from industrial robot, which works in particular environment, the
agriculture robot mainly works in the natural environment, and the agriculture robot
has to face more complicated and uncertain circumstance, thus there are more
problems to be resolved.

As a part of research on citrus picking robots, this research used binocular stereo
vision to researching on recognition and location mature citrus, obstacle (branches)
detection under natural environment. The main contents and methods are as follows:

1. Mature fruit location

The main steps to complete that are image recognition and stereo matching. The
purpose of image recognition is recognizing mature citrus region from image to make
preparation for location. This research used iterate on 2R-G-B chromatism component
in RGB color system to finding threshold automatically to segment original image.
Then the segmented images were converted to two-value images and eliminated noise
by morphological operation. Region labeling was done and eliminated region which
was small or had great differences from circle by defining threshold which based on
area and length to width ratio of the smallest circumscribed rectangles of each region.
Then region filling and contour extraction operation were been done and used
improved Circular Hough Transformation (CHT) to found out circle centre and radius
of each region’s approaching round. Then used feature-based match and added extra
characteristics such as barycenter of orange region in the image, sizes of each region’s
approaching round to get correct match results of each image pair. Experimental
results show that the matching accuracy can reach over 80%. Finally, after calibrated

the camera interior and exterior parameters, the 3-d space coordinate of each orange
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was been obtained and used the laser range finder to verification and comparison.
Results show that the average error ratio is below 1% when the measuring distance is
no more than 1.5m.

2. Obstacle detection

To ensure executable of algorithms, the steps of obstacle detection are the same
as that of mature fruit location. Used iterate on 2R-G-B and 2G-R-B chromatism
component, combined with gray threshold method to segment image quickly and
effectively. Got the branch regions by image binaryzation, morphological processing,
region labeling and filling. Extracted skeleton of obstacle by thinning and did some
processes so as to pruning the skeleton and recovering the occluded skeleton. Then
obtained the feature points such as endpoints and branch points of the skeleton,
recorded their connecting relationship. Finally the 3D information of obstacle was
restored by stereo matching on feature points. Experimental results show that the
identification accuracy of obstacle can reach 67.3%, the identification error ratio was
increased when the actual distance of obstacle is more than 1.5m.

Through the research, some achievements have been made. Such as mature fruit
recognition, match and location. This research also provides a method for fruit harvest
robot to detect obstacle. The research results of this research have reference value for
the study on visual recognition in the field of harvest robot in our country. They also
provide a basis for further study and have important economic significance to enhance

international competitive power of our country’s agricultural.
p p Faul
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AT (AR SRR IETEIT &) BEk e ATHLBas b, Beaai
[T 5 46 A R A 4 1% Sk IR S 2R K 1 £ 6em-25em 2 [ %%
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2.2 AXEBGAERY

SR SE AT K BE RS YK B BT FH SV 7E Microsoft VC++6.0 F& Tk, JFkid
- BEHEER T MATLAB7.0.4 fil OpenCV1.0 L& G AR T A,

2.3 KB/NGE

FEFENMETHELEEREN R, A8, FNNET RHRFHLG
BEAE R BAFE REGRERRREL, HS. FERTR.
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oL % XK % 8 L % & # X

=T MAHBRILEN

FIRHLES MR RAT BN A, B BERESENRIE, EEPHINEREY
RXATT, RBBEA—LGENIEE ZHERER, HHBFERER. &
THEUR VN R L OTRI PR — RIS GBS KRS FIR G, FHER
st ZRERGREN AR BHE RS RIEA RSB, FREpR
AL 3k R 5,

BRI TR E G RE AR T RERD), REMH LA HRE
W, XEMRBIBAELF. FF. TF, RENRHRSBREHER. £, BIX,
RARH77 A MOC A A . B (9 BB 5 1) B AR, R E &
EERER, BEBRERKHEYBETHRLE, BEERBAIRR, BRTHE
MR LM, 2K B R BN 5. T SRR AT R E AR
%, HPHTNHESKEMFERFMN, MEGREEERESRETHT, KHEY
REBWRGHEBERALW. LRARSFBEGKRE, BREMEEERX
RABE, NTFBEHHREIRANEG R HREABHIERREINER EERX
DAUE, FIFFSERAE R IRA SRR IRGEE . B T DR R AR &R
Y, A AT EREEFEME G E LS U EBEN, R EREFIFR,
JIRIEBBAERR - 72 HARFHE I, W THEME A S HRRES N ES
FEOL, AT EHARMRERMNTTIE, HREFH R HIBR.

3.1 HENARPHERET

MNATRT AR B R B AS B A A P A R 38 4), B R BT R A
4~ WTHER RIS E . RAERE BABA, HIAR—MRIRMEE. K460 £
E/, BEXMITEHRXLEEE, HEHBE—IFNPR—aF%. aF
FREZNE, CERURT HEMATERRYAMER, W RGB. HIS. HSV.
YCbCr(FFFF YUV) . L*a*b*%%, KX SHiasRl, aUERRSE G E K%
B FHBE. TR KE 400nm-700nm, 6% RHB =M AEM
KREBURMLL . FORBBRE, MX=AGEHAERRETREE, Bl
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BE—EEAERR. EREAZE RS (CE)MELL 700nm (£1) . 546.1nm (47)
435.8nm (i) =AM =F A (WK 3-1 Bi7s) - RGB BRI = B a5 il
SLEXK), REAMBIERFER, HAMMBERFIEETELT RGB HAH
WA, AFFRPERT H AT BB ¢ A K RGB I HIS Bifa R4 .

400nm 1 i )

] WX
546.1nm 700nm
435.8nm

B 3-1 =AERLRK
Fig.3-1 Image of tricolor and their wavelength

RGBHI AR R J i WA — R Bt 25 a) (i B3-2577R) « R FH & FhiFita
AATELHZL (R) « %% (G) Ak (B) — A IMBUR &1 1, 4K ZHEORBR A
KH 1z . RGBAE RYL BAF =B PRV ERNBFERS. Cillidsz
CTRANSE, BEHHMSFSiGE, TTUHBETE G BRESENEIE:

C =R(R)+G(G)+ B(B) 3.1)

A, CERBRGEHEE; =R 0% L%, R). (G). (B) R,
g, =2, R, G. B R R=HANEE. FIANH0G, SFEARY
M&FRE. SFOESRRERNEA, I AHL. & B=RERETR,
ZRARBERA ZREE, XFEREEERAFN CIE1931-RGB 1741,

H(0,0,1) &=0,1,1)

(1,01
Bl V , L1,
(["xﬂ'?) ------ - 5%(0,1,0)

£(1,0,0 #(1,1,0

B 3-2 RBHE AL
Fig.3-2 RGB color system

AFRFEERN BRI AKEEHFER, URERKPH=IREAR. G,
B %4 256 MR 4% (B 3-2 iy “1”7 Rapmmgsl, o 255).
HISE AR 2 R i 2 /R (Mumsell) Bt 242 i — R R, Bkt
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ISP B A ¢

AFRIL Ay o ZE R ()PP S 24 Il 4T 3 3B A R 14 7 VK
XFAh, R—FMREMWATE, AR SIERRR . SR,
WEE. WAERAZER, EABE R K, G (Hue) TE
WG R R 43 R I KRl 5, U E M B, s WA (Saturation)
ST AWK, TR TROALTTUCHE R, BARLES, BORK,
Ml BRI, BRI HE: SEEE (Intensity) FEREEOLXT ARSI
GRS, EADLREE LK. HISH A 5RGBIE
R AL R R TN A3.2~3 45775

H, = Arccos 2R-G-B x180/ 7
2(R-G)* +(R-B)G - B)
H=360-H, B>G (3.2
H=H, B<G
§=1- 3Min(R,G, B) (3.3)
R+G+B
7= R +(3} +B (3.4)

HIS R0 R RUL L5 SRR M XUHER AR W% (Il 3-3 Fras). AN
AMFAER RO AT 1ITE RE8GE AT SRR AR SR H, H

(MR 0 ~ 360 o e it KRR FEAR M AR S, WAEA[0,1]): I

AR RS, UM R R ARRER A, SR AR T (1
SAE0,1], O MR BLIARHI BB AL, 1 R BB nle 1" =050, HUfl

BEA Tl g Ko %, WF K 3-4 B

=
B 3-3 HIS 62 mHfdk B 3-4 & 1=0.5 eRA S LORE
Fig.3-3 Ideal double vertebral of HIS  Fig.3-4 Color distribution when 1=0.5
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3.2 REAHIEXIZEL

3.2.1 EEHEIRE

PLEE ML 2R e e 4 40 0 2 H AR SCRERME s, R 20 T I HE B AR REXE
LB GEAEEE , R B Z T R—ARBIANMRIEEY, 2450RET B
FRARIFA 3 EI50EP ., DUATS UL R 2800 BB R T KL, JEFK
L FER MR RS CCD WIS K, [N T RAERBA S W5 KR
FEBSEIEER, AMDROEEG S SRR EY . ZORERE L AU
NILZKE: FRUEAS R H v B PRIYURERIM iR B T XA T iE AT H T
BB i AT S B A A BB A, KB CElL, E5%.
IKAME) AN, LT RAME ARSI EA R, T HACRAER L0 R A
(1, JIRATIR I AR (1 8RO6 R BE AR B 5% 5 0 %ok PR SR IDURI PR 4 3 #
R WAE, S LU TR .

K FUAEAR R ER R S0 AL AR « B0 AR B B £ A b, AR 2%
1R FBE G BURAE SN B BERL b AN 43 Bl A7 AT 24 LE 4 (n & 3-5
FR) o

1000 7000
ooy [
B E00)|

# om B o
e .
2000 200
1000 1000

ol o

% L 150 ol =0 £ = 1 o & = e %0 m b

bRSFAFA cCHELFA d BHa¥aAFH

o e
B o '] # w0
ﬁm % ;am

¢ = 0 I ) E] [ -] [ W % ] ! &0 100 % 200 =
e HHpTHAFA [SHEHFE g I ¥ aAFE h 2R-G-B4F A #FH

| 3-5 B $A A
Fig.3-5 Histogram of different image component

SRR, TEEUS RGB AT HIS FEHEHMM A% BT, R H 8T R
B B AR X R (s TR 5 W SR 02, HEBRT TAGSR
a2 lu), o H 4B ETE 0~30 HHL, #F 3-5¢ H 0 FET K35 e D AR X B0)
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HRSEIEILX G HIRXKES B R XE, £ HSV. L*a*b* FHORE T &
BRI E R R AR H 7r BB, (HANG R H 2 RAE
TERBLZ AR, BRI 0 BIMME, 35 A8 BoE e, WISV, ENttE,
HE RS AHER H 2> REBEATHER . MBS, HHU S E R
B, P 3-6b Fias, T RGO A R LE RN, R
PG H 9> ROEATR, B 3-Se TG O ZbRk 1Ay, R EHRS BIR A% 5 1

-0t 3

a BEAE% bHYEEFA ¢ R-G-BH¥@EMHR d R-CBLBAFH
B 3-6 AHHHE % I A 2R-C-B 4 FtbiX
Fig.3-6 Comparison of H and 2R-G-B component of citrus image

£ CHR[35]MT RGB ARG (MItA %4 2R-G-B, 4hi{t Ostu (s KA jy
200 FUIE I BIE 7 #0753 BB AR IR, 46 T] Ostu (9 AUEE AL B4R 1) B )7 B 47
1 B 58 1R X0, NI 2 HAG P 2R-G-B 43 & A 7 BORUIEEIR A AN b, Wil 3-6d
B, TEIXFEAL 1, AEH Ostu 73 BIAHER . WA AE 1R ) 2R-G-B 43 R % (B
BRI RCB ARG BB %18 £ 2R-G-B i) W LAF W, EBPk
PAHIAG S5 7T 5010 2R-G-B EAF/E R, HLAr H 75 P v PR 1 S5t R e i o
b, b 3-5h R 3-6d [T ac. AR MRS IR 44X 0L 3R A
BAAL, 476 EAARB)IX — By, WA sEILAEAS 1 B 2) B 2 &) ARHTX 2R,
AW EHT LR (36 | LR E AKBME T, I EIE A ABf R, I
19 7RI

3.2.2 H{EHNE

AL T P PEDRTB PR 3 RO, AT s IR R
BRI AL 256 26, B AFEAE AN 0~255 k. & S, RoRBER A K

FEAL M i AR 2 s B M VE T 0~255; T, Rk, i FAR:
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7,
Tmp = ixS, (35)
=0
1,
Tmpl = ZS‘ (3.6
i=0
255
Tmp2= ) ixS$, 3.7
i=T,+]
255
Tmp3= S, (3.8)
=T+

T,.,=(Tmp/Tmpl+Tmp2/Tmp3)/2

7, / 7, 255 J 255
={foS.- / 385+ >ixS, / Zs,}/z (3.9
i=0 /=0 i=T [ ieT,

FifE — MM e, i
T, -T|<e (3.10)
T,,, W s kARG S0, WA T, =T, EHiIT L SR, ESIme
(3. 10) AP, FIRAEARILEII AL AR i, — AU IO L&
ANV [ AV LT i BV = 27 5 b S A ' S0 S e BT i
HAML, BGEA AR, ADFCRAIRIET, A 150.

18 HEARTE XTI 3-5 Fl 3-6 585 R 2R-G-B 434t Ay PIREA T IR A XK B
F & 2R-G-B /D FREMBEZNAE, Q2855 RE 3-7a F ¢ fir.

s N |
’ g N
a R-G-B#AMASF b HAFEMESF ¢ R-C-BirABEST d HoyFRMESE
B 3-7 BRaE4ER
Fig.3-7 Result of image segmentation
JT 54 H 5 R e B & R EMELE, B3 Md Gl T H
SR GBE BRI S S SIM AR, HEXETa, 2R-G-B &ABIMES Ik
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R AP Sr EIH B AR IX 8, BTG RXER, HAashFRSERE, EFANTH,
3.23 —{HE{kabiE

B mESBEHEARGENN _ERK, hTERLLE, BERX
HEFM RGB E 1’ R 255, BHXHBh 0, BURMWE 3-8a fim. bl B4
Hb G, WTUERERNBITRER, Bl T ERGR THENEGZIRT
WBK, EERTE5BRHEREEENXE, IS AEEMEETEER, K
PTE 2 A BRI A i o K 2

3.24 EE%¥iEH

BT A I BTG 0L SR B AT A I TR Bt
B AT — S T 5 40 76 8 1 R P o R AR DA 3034
MRS 0. BT A SRR T DU L R HR, (R BT
WAFE, FFREFMTHLEN. BREALEREHEWK (Diaton) . &
™ (Erosion) . /& (Open) fH4 (Close) B85 . EAI17E 18 K& A K& B &
o T R TR S AE S T DA B UL & R O SO
371
WF AKEER, BAHEHITE (Structure element) , B AT LR =fH .
T A LR TG, LR BR. (BRXHR R4 G % 2 AR
PR, BUCHF B HXRE B’ BAES. RKEHENO, RIS
W@, TRBHAN o, MEEHRN . “HRQEAEH T,
B — RO, BT PR, O (O 8L
X, AR BRIR S, 23X |
E(x,y) = (F ® B)(x,y) = AND[F (x +i,y + /) & B, )] @3.11)
WA 55 B bR 4 5 4 B, (0 15k Tkt
B, FEHERBARNLDS, TORERABER, &L
D(x,y) = (F ® BYx,y) = OR[F (x +i,y + ) & BG; )] G.12)

Jii: FoB=(F®B)®B (3.13)
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Mé: FeB=(F®B)®B (3.14)

TT R 0 B 2 B TR R L 2 o TP B T S B R~ ey o
ANIZER, BT VR R RTINS A, AP B TR R (I 5 BN T AT O
f. RO NSRRI 0 B2 1 R B 2

RSO B RHEAT O T A BB A B 7 3 B A K3 1S TR , TR S AT n Y o,
FEHAT n WK, Hn=2~3 (—BIN2K), SHTERIMEHT.

G =(F ®nB)®nB (3.15)

2 IR B R BME Y IR BB AL S, DR s IE S &, X1KI3-8a
HATC & USSR I 45 R 0 3-8b PR

3.2.5 [Xigifrid

XIRie R —FF LG H A KIEE, KEAIX TR, 25317 HE
Fik. EAHRGS, LR HERIFE. BRESPE, XBTREER
BEXEEHAT IR B RERRITESIEMEE, HIRERRZ R RMELX
#, WERTR—-EEXBAERRTHRANEERS, KIEBERR XHET
BIMRFRHBNER, FER—BRAEERFCHINS, F—EEXEM
AFEF IR T T AR S . Bk, HFERITE ZRAMHREZENR
i, BHETHR—EEXEAERCARR T, BERE.

ACKARMBKRHE KB, BALTERARCHKBE. Ao —EHERE
BRATHZ S RIRFEM, TR — KR E BN ER XS, REFRET K
B, HIRANEEREERERIC. BASEREDER. HANBAN_HEE
BHATEATAM, RE—ARAFCKBRE— A, oz REZAR/\BE
RIEAR IS TR AL I P B K HL R R B IC I R R BT IR IE mIC R FRAER “IX
BHK” KT . EESMPRCHERES, AR IC R AT RS B
— AR, BT LR, LR, HEEXFMTAREARE, — N ER
BighR IS R BEH R IL T — MR IEEKE, EFMA —EREHIEEEX
WHRBHRC. REAHENEEKENEREBE, BEESEDT 500 KK
B, XBHBIE 500 BT HIER, MEMESF. S LEEMWER AR
B2, ENATAREELFRE. ER%ENE 3-8b #ATARICRIZ R 3-8¢



Lo N % ¥ N ® X

e HEI U, BT Se e 5.
L‘II I R II i
: i ;i
a BE—qifk b M AR

o E#ifie d SRS

PN

7N
. W,

e ShiE4E7 f 30 AR4RER
A 3-8 —{ARMgae

Fig.3-8 Binary image process
3.2.6 XEAR

W TG BRI, 2" RBE, BRI NI A TR ) H bR AR A A
Bl XL ALIHENS T SRR AR ER ) A RS, AL ZHEAT BU7E . TR A X S
RSLEA L) F LRI RS M TR SER £ 0 AR SR 50
(04115 A 2 P AR BV B R T 5 R R (R A R RVHE) T FAH KK A T3
FESTVRIA IR T ARG, DRI e B N A7 A ] LS BLAR 4 K o ELAE
AR BT BB R sUIEAN I 2 FARECR, FEA 2100 B LA AT K
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(1: 21T AR TR B BARBLR, (EXME TR KSR TS AN AL BRI,
XX FERBACE N FE SR RFRESHER T ARY . XA HS%
SCHR[42]5% ) BOR) A RSN R T AT SR I FLIRIRE ik, AW A TAER
FERK b T AL ARSI R . BT, AT 7 ERA RS E., wd
HBYRFE, BIE T BN, 2R T RAF AR SRR P B R BB BT AR
PRRIAMLER, BR O ALER AL AARBUAL I et K AR T R S R BB AR %
ALRE AR EN BRI :

1) HebREERE T BRI, FRETEE/N325TRIRCE, BARKE
B R I AARFIRE, B EG P RA X EbRCE D B 1~k

2) @i BaX g (B E A B A XK B & R AER R HH A& X X I
BAMERXE, I B ESEAN AR A G XS (WAL X XSS
AMNEERE T Z TRl (K B X3 SRR IE Ak+1. IXFE, RERAEZ U X IR A FLIF S
PR A k+1HIFR 43 2 51, 960 A0 At 2 LRI X3, 5 FLIR X 3R HE A DO B 6 (i
Ak g 7B £8) I FE R AT SE A ALIFIR 7S

3) KNI L A+ LK XK, FIBrE A BIRE & AL AIRTHER 2%
KR B G SV GAE, MEH, WA RILE, T, B2 TLIR . S
T X I bR E K 53— MLk +2, T & AT KR A B FLIF i T A BRI FAHE, BTl
R FR bR R ER+, ST R, ZEETER TER BRI M ALIRETE.

4) R XENGIE (RE) SEAR KR IRC Ak ARG R, X,
ZIUFR A A FLFA R — R 2 T T,

F b3 77 %t 3-8 H b BB AT IR T8 J5 O 45 R an PE3-8d B 7

3.2.7 ETFERME/NDIMNREN M BIFXBIZE

HEAG A RIUE R B, EMRHRAOEGT, BATRPRBIZ2EOEH
g, ERASERENROET . HELHESMHERERITHERXEH, M
HASE G R RS £ i il 60%0f, i 3-8d A LI AXIEH, B
FHARERK, N ZET X IRERR . 60T TR K7 E % £ R IX X,
EIXEPOHRERE SR ERBRK, MEXSERERREL AR, RIEX
MR, AWTFUE R SMER R 2 R AR B AR X

B SR B I DX I R () 3 R B0 A MME R (U 434 20 B 7K
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SEREEF M), REIMEEEHK R RS XA RS R AR
ZREZRTERXE, FE8FEREEREMEERERZ WHTEE, ZBRAE
BEAEE WX, B EBIM AR RATEREE, RETHEDR 3.16, HEHRE
AR, FUAERXIER, HHLER. R TRENERRKESMEER DK
{H, J{8/51H Hough ZBH B EHRIER.

07<a/b<1.4HS,/S,20.6 (3.16)
Heva, bASMERBHRFUNKE, S, 0BFRRKBOER, S, K&

MREMER, £amE)E—RRE THEEGRXE, e TRWERERZE, R
MR RO FI LR SCBRIER % 85 ES SRR R . SRR, 6
FER R B AR 57 T AR L IR A AL AE -

& B3R T7iExs 3-8d AL B 45 R AN 3-8e Fian, BB 2 BT HI/NK A
Lb. Wit EEJLSHCE, BRSO X SRR R, BREKEH TS
KFR, RO BRI SR U E A AL B B T 4% 8

3.3 REXEFFERE

R A A R SERIR T By s AR RV R/ R R AR AN BB A o % TR
BUMH XK B, A AR Hough Z&R# (CHT) i, B SERBUHHEX
WA, RERERAMILHIETE Hough ZRMANEHGIRER, BI/5 IREE AR,
FRFRLE.

3.3.1 RELXBAIFLERIZE

Bk a G0 B RBAT EHLST + 2 E R USES T FEMATE
58 (nirm. ekt FERE), BEGIRAPmMREGHFENERRE. B
BiLGRE BRI HEANESEN KERE. BIEREE) KRR, EirEE -4
KA GEMA — MR BT REERDRELF D EPEEEEN—FLHE,
P (R e BRI ) 7 A T SRR BRI L O . RIS A IES, A
BREMBENHREEFEFESE, REGHTARL: WREEGTH—RAR, AY
B8 MM AR R E, WHEWERERAMA, HLAMG. R, T
R AR, TER 45, FRIERABE KGR A E 8 NMBEH
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FE, MR REAWKEERN 0 B 8 MEHMEE KK KBEER P LBR AKX
BEAEMF, SRR %R 7E BRI, ATLAER, BN, A hixe2ERBRKN
 MSFERY. KALEESPHE-MRE, BTORZEGKRESY. 2
%74 B ) 3-8e 73 21048 B8 B R an P8 3-8f Fi 7

3.3.2 FAMAER Hough TIEZANR SLHHIE

FEEHARET, REERRNAEZKAET Hough ZBHHTTE. WA
RERMBERBREA, B2 XA Hough ZH KT LHRME. fERVIFH, W
MEERKR. HBOREHEFEMHF, HRH Hough BHH .

Hough 28 #1238 ok A b 2 8] (K78 3, 5 150 ) BB Ay 25 () A s 3R o A DR
FiE, Bk ER ML B2 R R BRI RS E N HIRAR: AREE
B, LN WABUMEGRRERESSRNERE, FEREQUEFEERE
Tt BB AR, BRRGTR AR FrelSigsd
M7, BB E KBIURE, Hough ZBHNARRERD T LBBOIENR
T Hough ZHHARMWEY BAsR T Btk Rif, SAERS TR LIN
. BRERIEBEMERWEREE™ERS T ERNARMKRE.
3.3.2.1 Hough TIAHBE KRR

Hough ZZ # & x4 B AT EF B A AR R e . B IR R 4 e TR
R R E LR R Hough 2 [n|—A 2, BIRGG B H 4 E TR iR E
& LA MRS BB BB RIEMIE, RS R X6, RILRGE &S
Y558 FER 1D it 2 R R RO R 0 i) R, 2R PR E AR 4 2 i) o 3 4R R B, O BT
RO HE A PE (45 5 R 1K) AR BR) AR Bk 00 o PSR 1 D ) AL

Hough ¥ 3 4 [R B P X.5 % SCHR[45], M Hough ZHeH R |, Hik
AERIDF&ESE, MRFRNE LERYREWMRETREL, #1T Hough
R, RIBEBER KN, X% IRETR 210 B A% . PLTPLEE 138 2 Hough
B —NRERA, FREATAEREERGRTFLERE. B AE
W RZEEER. B Hough BMRAFMAHKK A, HEANEHE. EX
MR BHAE SN, REMTRESEHBREEN, Rt aasisiL
AN KB o R«

1) AEMEGRSE, RWERERE, W/ Hough RHEMHIE, DI
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KRBT, RERBREE;
2) ERBPIER T KX EERATRE BME, BB RTHRDHR
RENEENEEX KD, S EEEWRNE R,

3) RFESHMNERYRGEH, UEOALENTHRR, REXHEE:

4) ERANSERREE, DR BRE.

A B FiE Al OpenCV K] Hough ZH¥AEFF, AT LA L B, MHTH X
HESMEREER T /R RLREHE. BmBRTE, B8 T 5053 Rk
. OpenCV £ Intel A RIFFRMITRHLEBMESR, REEE T HBOHSENE
HXA®, WGBSR, WHAE, EHWIERES, OpenCV WHY
Hough &R BUR BT :

CvSeq* cvHoughCircles(CvArr* image, void* circle_storage, int method,
double dp, double min_dist, double param1=100,
double param2=100, int min_radius=0, int
max_radius=0);

BFBHHBEXWT:

image HIAR 8 fLHFIHEKERE, KLREMANL 8 AL —ERHEEZ:

circle_storage RWF|WEAMET . HASEECRERTET. WEE

B A7 0 R — 1 o EL S B A T 380 0 (R W T 4 R P R i
T3, A TRt B KR — LR R A . SAEEH=
MM AT PR (x,p) IR, |
method Hough & ¥ % &% . H A , M — L H M H % £
CV_HOUGH_GRADIENT, E# 27 H.K.Yuen T 2003 G K K13
EFNMHAM 2IHT H k. UGS HEEHEEH, A
CV_HOUGH_GRADIENT,
dp FIREGEC BMBRISHE, WREMBER 1, WEMBESEA
REAAMRKSFE, MREMIRER 2, WEMBHOKMEREGHA
AEBE—F, ABFRATANBRREE, HAEIER 2.
min_dist FRBIWEOZ BE/DMEE. WRESEHIRERD, WER
A=A T2REE S MEEHME; mERK, NHLEE



U SPNIE . TS I S

(Un % L Age K YN FE B AR 1Y) H AR A ERRRLH
paraml H—ANEIFEM XK ZH. £ CV_HOUGH_GRADIENT f§#L T,
W B AR Canny JLLK ST B A A B P ERIAR A
(B S e B Y ) o ASZEBEA 100.
param2 5 AN 5T7iEM X MB % . 7€ CV_HOUGH_GRADIENT 154 T,
B R L PO U B B () SN AR . HHUE R, K 2R B
AN HIERR, X RT3 028 & AR m{E B
W1 BRI
min_radius B IR RIA KD, AT 3 200 .
max_radius % 8 R R 10 B KA, BRSO . B KRR BN
max (image_width,image_height) .
K5 AR ARG 80 MM TE )OS I min_dist, param2, min_radius,
max_radius V44N S B0 AL, LABERT Hough 48 B idt i R i 1,
3.3.2.2 BmBEERE
Hough AF#cb, B ak B s b BTG H sk Il AR DI, JER/N P
Hough 28 (KU o SN2 B (L LOCEDER /I [RIFE H Ak 4 1R, {FLXOS G 7+ sk,
G —ANEERRI RS AN, 9 m FMSBEE A, RPREE RS
KE, WL Z AR R WS RIS BB R, ol LLRER e s
SRR H b, B2 BURBERE H bR 2 A6 S g LBk B 39 il
Hough 75 # it 24 B8 4 Tk KRRl /N 5 B0 Ak, REAR T S48 # G F
PIE LN

Ao B MG K e 44 Hough RRLER b RAoEM{EL B 6h Hough BHEER
B 3-9 R ZEMEE ] AFoid Ko 69 B IR Hough WARLR

[
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Fig.3-9 Result of Hough Transform when the threshold of accumulator is too large or too small

—ER/DHE, FEIMENCEANR, BE RS XS R/

Wl 45l a3 BE B 1 BR 5 B0 B (8 5 BE A A BB AREL L, AR RIS O X S 2 AR

K, HRBEAMLSHANNERRK, BRBEHKES XEBSMEERNIIKELMEE

MR AXRFEX—XKR, B ERKENRIED RS BEREKRE, R
FSMERERT RERMEBE. AXWT:

k

2.(a,+b)

param2 = il

e (3.17)
He k RGP MBEX BN o, b K 3.2.7 WHKRBHENXIHSME

BRMnK, BTERFRRME IR EE. BB LA A KB H param2 EIEHR
Hough Z#: iR S 4 param2 M. XHE, FN#8BMESHEE XIS R T2k
AL, R TR &R,
3.3.2.3 HRLEEEMECEELE

BRBEPE-NURA, TREAREEMARR KR &S, FHGEHIT
Hough & #ebf, ZEXTHH IR REME#AT “BE”, XMH 7 I AR 25 (8] _L )9
FeHBR. MR ETZEE ERENEREL FRMETEN 1 2
BEEERFE. FHi, 7E OpenCV W Hough F#eH F 2 BRINEREH
0 B EMR A T EA R, XFP “HEE I SR RN 5 i 25 Rl
LB X A48 A TEETE], TR B AR B 35 i B ARt AL i B 2 R0 5O B 98
RIGH, 423 R V6 B R B a] @ A DO AME R i KR, B
5EH I R(3.18)~(3.20) TR

min_radius = min{a,, b, }/4 (3.18)
max_radius= max{a,,b,}*1.5 (3.19)
min_dist=min{a,,b, }/2 (3.20)

HH, a, b, 05 AEGHERESMEEHRKERE (L. B F), T 4,

15 M2 BHSCKRATRHASE. 2diih, BREHBIHRIES, #aT
RBEE, FHRBEEHEMSHEREHHAENE3IER, TRALTH, LH
TERLHER. REUERENSERT EGETERE Hough Z# 4 R
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I PN I R I VR

3-10 Fios. tHIEaT AN, SEREIEME IR by, BIEBRERRI R kR I AY)

A 3-10 B Hough % #4432 E X 4 [

Fig.3-10 Use Circular Hough Transformation (CHT) to extract regional approaching round
3.3.3 ZWERRSH

AT TR T ARG X SR EE IR AL T Hough A HRSEHUX 3045 1E, A
WFFEAL R E3A f iy Bk 67 TREMR T T 402, 67 R R B ILA S 363 MINE
DXk, Hop TR X K 204 A, IEAEA] 194 4N, B4y 95.1%: ERAMESS
(Mg A 159 A, EHRIRN) 133 4, B4 83.6%. WAL RWE 3-1 Frr.

A 3-1 ARBAMAFIRA A

Tab.3-1 Result of maturc citrus recognition

%5 grartio pRise il gl
438 4 B 363 201 159
AL U 327 194 133
AVES 90. 1 95. 1 83.6

M 3-1 TR, AW SILRAIZR L 10T Hough B HEILEE,
RSC DXIAT 7 BB BB PR PUH R PMRIL RN T 83.6%, 5 iR R0 (AN e HER) 1L
5E HEAR IR ILRFAE A PR KA O REAR R UU) (K9 SR IR 23 #7 -

1) ALY RICFIN AT BRG] M BARRBR R L, 5Lk
PUNSERAR S, 1 3-11a R T IAREARIE MG FARZR. J O E L
B B 3-11b W& T W BOEE A SRR, BAMLE LB, cRkHR, ET
2R-G-B 7= B ABE £ #5, RHBUG. W8 RE AR A 44 T i B &
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LD P N O O A 4

AR, RE OB CESS N R A B, JUE R R B RO,
FrOESR AR R 2 N IREA R,

2) MALHIAITE Hough AR #e 5T, LA AERS SR X 8RR JE 9 1 3] LoA b A
FAREAFIE, R R LRGN 1 172 SR/ B, BTG R S R
FZRANT UL TR, SR AR, AEEf % 20 W BB,

3) W, FAE KEEFAL E A QR eE B0 8 R sk m
1/2), AR H RS SR L SR AR R, 18 a3 Lo B A1,
B 3-11c /m it TR L KIS IO BLA F 22N AR 2t 5L, 1 3-11d &R
KR sz fa) dagid K, AN A BRI 3/ 28 R SR AE S 4 0 7 S 2:

c ifihid K pUIR AR £ d Fait kb innit £
3-11 48R 925 04 B 547

Fig.3-11 Cause analysis of crror recognition
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3.4 FERAHAE X 53 (A PTEC RO =S (8] FE L

EHEAER G R RZ G, RERE THEERGR P LN 4GS,
A 7E = 4 25 (8] (15 RIE R, BASCILNLEE AT AG ) B 30K, 262000 A A
BT RIEAL B IR ACRRIBF E B RN R R IR RS, K
BN RRAG T I, IELERA TTEE R LW K. RAHIEEERMMNAE L
BEUERER “FIR” R, FLORERMABOL. @A, LAMUEEMR. 4k
o ABFFRAR B LA H AR R IR B 89 () A7 . HRIEAE SR
HIRE, 456 EG T IRRXSHR AL R TRE K LAV AL J5 vk IL AT S A
Bgxt, BEEARELAEEXNFHIE, REAEEKRE BIR=42 WA,

3.4.1 WHIARLEMREREE

FICK MRS RR S K CCD RN GERE =), WA R
B EH TLARFAT, BRI mT LA S R SR B e 2 f) 22 1) iR B R ot B 5 0. T
rMESEGTHER WMRENEGLERRN x MES, yHEHEFT, W
B 3-12 fim. MBI ETE, WREE - IBREHHEE x P8 —BEAE, =
5EREZABRBIELES

A 3-12 MBHEMNERER

Fig.3-12 Configuration diagram of two-camera
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W 3-12 Fiaf O,PO, i b, P HERAERR, OO, 35Kk A
BRI RFL, WHDEL0,0,5X BES. £0,P0, FHESHEANEBT
ML A ERE,, HTHENMEGFELTE—FE, WEME AZFH
ERA—ES%, XHTEREPEPTT o8, WENE,5x8FIT. &P HOP
51,88, PROPSI, MR, WP 5P NS TEME, b, HEtE R
E, BRZ AR, XFARK R T IHIRE LR,

3.4.2 WHIAGUMREMREITE

T4 SR BUR A IE S b RZERGAAF R T, LR B N R R,
BB AR F R S B IS P RTABAR R T, Bl mm BB, KR R G T
PRSP AR, BHRARY:

-1
fx s uO

Ofyvo
0 0 1

v
1

(321)

x
y
1

Hep: f,, f, AEREHVERIE Xy H AR, UBEAERR, (4,v,)
A ERMER, s AERRY, XBEYHBETREIIRERE. FAH LS5
S A A B R WM R AT, TR BI(x,, 9, )Ry, )o
X I Ol
1 \
7
d| e

X

Ny

O:

/)
ﬁ/ P(X,Y,Z)
b's

B/ 3-13 =AMREFEFER

Fig.3-13 Schematic diagram of triangular depth calculation
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ZHREAHROBEB YA Ed~1008 mm, £ f, =12.269 mm,

f, =12.245 mm, W HHTHME, FIY £ =1226mm. HETHE, BitH
MR RRE R R EA (0 3-13 FIR), fE— STt AR R T
KR K P(X,Y,Z), FE7E. ATBHEHLARR R T MR 4005 Cx,, y, Y, y, ) T
ot R AT RIB RIS G B 3, ASIIF,

X _X-d  xy_xd (G.22)
xi xr x! —xr
HFRENETH—&E, RELREARy, =y, , W
Yy d _N -d
Y - (xl - xr):> Y X, — X, G2
Z - d _ f-d
f (xl —xr): Z xl _xr (3'24)

fEERF, dRRAEL (baseline) KJE, x —x, FRAME (disparity).

GRY, BEKEBK, FEAETEMXHRER/D, EEEKERTR
K, FUh FOEERS N IARESFRE, B REPTRAN RN EE P
Ro MERBETRBEIALEASFME P A£G HBE SR BEAR T 5E
#, BG4 TR, PRKEERZT, MERIED. LYPHBTLHTE,

OPHIOPBETVT, IEBTZE,
3.4.3 ZTEEMBER

MU EAEATBLE W, MRMIE T R — SRS I LR &%, REX
iR Z B, ZRELR PR BN HRE. FrOlEaRmERRE—R
FEEEMAE, REEMERKZAN Z AR, BRERZNIIMEEMES.
FEARBRF, Fo0 R EE T — Rk BLBXHER B3R, R
o SR A AR B B AR I — R 28 al o B ARARBI AT o 3T BRAK, ZEJLATE X
BN R R AARRERN R ERFOA THRENTE, miEKDMEER,
FESCBR LA, AREIEHEBULE ARG, HEERANERRERRE

MMRAE IR Hough ZRHAUE HEIEL, FIZ A AR AR B AR 2 2R RO
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B, ZSHBEATHE, XATEEMERRE. R svrm, Ko
R R AR E B R RBUHE A BN B E IS, MESDMES, LAEERE
FHEGFESL AR B M2, BB FINE N e B X RHE AUAT LA IL AL

3.4.4 iKITE

3.4.41 II{KECECHELR

SRR RN H AP R EE, BXBHEEREEN—P . 5% EKMERER
HERFE], SRR Z B E R 2 HR AR W AMARSER, TARRHEER
W, nFZYASHENL. SHMEIEM. JER =4y FERE I —ER K,
F—RYESARATHERLSFRIAR, WESRPHELZEE, WEEE
. BYIURER . Bl BT, BB B GV S, SESEK
BMEGHRKEE. B, ERMARYEET ik 24858 HE B &T
T XHILE, SRR+ RAEN. LAMELENTHRERIHE N FH: A
B ANRRE AL A APIEIH R, BT —FhiE B SR SRR S FR A
MERHER, Br—#EHNERXNRASLAERE RS T2 —FLALED
Tiix, HERWEEBT 3 AN EER#FR, B & IEHAITIRIE. FHRIFER
A BT A A ST R IE LA AR IE AR e Ik LA RS S R IS8
X=ZJFHITRIME, HERETXESBYFEITA Y .

RELAETTHIAFE, SCAEMRILREZRER S A=AE: B TFXIEITA,
BT ECAEAE T AR, X =R R IR TTHIARR, 0% 5 &
EACHE RO AH AR . BARERBIAEEL TR, B [BE 2 F 4
A —EIFHAREM, Fln:

1) RELR: EXFHAREKHT, HiREGHILA ST &I L,

2) ME—PEAR: PIEERR P RICAC RO M —, B ——Xf R

3) JUIFAR: FIERELELGBRPHBEARERLE X, > x, ;

4y RAFPELIH: BRILRC R 7EPIIE R AL B R R — B

ER=RINACT ik B TRAER 7 E B RIES R 51 &RBUL%S
FEOE, PRJGREATILAC. DR JRIX LR X e A5 AN K HRURR, BT LAAT LA 2 LU0k o
ILhc, (BETRETEREAIRRIHMER. 4R EMATARF AEERE
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HEZSHERBIRFEEEEE, EXERKSHIERTEHERBBEFHN
R BEFXEHERTUBE&EERER, BEERXE. TLEX KT
BEARELABARRFHNER, W EETFXEFENHR SR, EHXEON
&R SEMR, (B4 2R ERR, MXREHRILEKATRMERK,
FARALUCE vk, BB B G N S AHGAR S, RGATRE LR, |
VUL TERARRL, S KRB IEAL R &k £, Tl E— M R B 3
BRI LS, 10 EL7E — S ST AL K S AT TR AL 3. B2, XL
BHESENS, REMILERREN AT, R, et w—HU
B AR R ok CICAC I B8 7 o SLAMBE R B 22 HIR A TR E R eI LK I 58
BER, Hil, MERFEENANERRE, UKTENERG GEHLD, FHE
e LREEEE SRR, WETHRAE KRN EGILE., ¥ TidEE
HEMEGITE ., TR R BRI AL AN, (ER T is BRH
ULHC 7 8 A RE R S T B L .
3.4.4.2 AFRFHRAMHCEEZE

BT XA M UCAC )7 1 O F ZE R, Sk Aixs o, T A
UCHE ¥ RIE+ % EA RBERKN, MNFEHETEEENNBRMEE LT,
A SCHAT RN FAITER T, (R 3 B 5 T DX A0 58 T RFAE A TT AC S AT T 5K
B &8 RARKE LIRS, RATE TR E, hdRiR 2k
YK, AR30H & AN G TG X SRR 26 AR TR H 1 50 R R G (X8 1 4 2
&, RNXIRAELOBIR, SMEERRT . EASREEN LR AR &M, A
FEHUH, RIBFEOIEEFRY, iRk X 838 FA FIMER LA, 7E
RAARGICAL AR P, G EITAC AR & B R b B MR X 3, BT ALY
BB R — N RE AR, HXT S R T ILACHERER & T ILACHER R . I
SMER RSB 3.2.7 WP RE, X EIETESFIAE X S AR E O AR,

1) KRR

ER X I — AN R A B R R, BRI KA. R XA
R#FER, W _MEEKKER GER A TEAX W 3.25 k.

A= 31 (3.25)
(x.y)eR
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2) KBREL
AT PRB XL, S ENMES. H—ANTEELEE f(x,y),

ATELE H (p+q) AN

m,, = ”x”y"f (x,y)dxdy  p,g=012,-- (3.26)

AR XA TR HAF R RAFEMELR, RFEMESF

HERI KR A IR RERE AT W —AXIBAE, EHEAZTB. . Bl

FHEm. R 3-25 HR KX EERLE ER—ANEMEA=my, (f(r,y)=1).
MR RRA:

my = e]‘xdx » My = e]‘)’dy (3-27)

BIE LR —Fb KA R A 1T, FARFR AR BT I8 T X4 st
Hiskf, HAEARWT:

x="00, =T (3.29)

my, My,

TSk BR B MR BN T, BN x = 0, y =20 . %

my, L
P~ qEBA1EAHORN, f(x,y)=1AN, HHEHEBEER, WELKEIR
A

-1

x=— ¥'x (3.29)
A (kR

- 1

y=— >y 3.30
A 5k 39

BRI ELBIRE, %6 3.2.7 WEAKSMHEERRT, El]ﬁfiﬁ
T IX A T UL RO L SR 4R 1 0 38 4 R B AT ST AR ILAC
BAL R KA

JUAIZAR: x, >x, (3.31)
FARELAH: |y, - y,| <V (3.32)
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Hebx, x SAAKBEOCELA BRI, y,, y AKKELE

LA BB EHALDR, HIHE ST ARTCAC I LT 22 29 R R, AL i 7E A B R R
- ARRRAR K F A R R B A bR, B XU ML R T 3EARG AR, BT

BBV AT, FER—KFE L, FHERZ RGBS y 77 R eEH
t, Y, RETFEKRRES RN EETT MEIRETLE. XEHETEAREI

RIS, MR R, RN EEE . WE AR K
PRI A REAE UL AR AR X R |
5 RH:
G =2Aa +2Ab +2AA + Ay (3.33)

Kb, Aa, AbSHRRERBGTXIBSMERF BRI A BER T 1 LK
WKZE, MARBRERZE, Ay ARBELQBIRZE, RETEFREHE

XTa, BAKIRIZ RN, RBUEBAD, Fik, AR RELARKIR ST
B DX R 3 4 R B M, 18 B IL RS X R B AR I

BRI T

1) F 3.2.5 WAANR SR ILER AL BG P BRR SRR S, 250K
# BRI A (R FE OB RHEOMNR, BACHERE,

2) EBAERGH—AKREREWRIR, EAEGY, BANFERBILAHR
BRI, HRIBN: HAEEHANMXBZ BT EELAREMN (NEHE
REHER 331 M1332), EANHLE, WARBEREE, &HFT-XH, &6
B e B — A X SR R B AR A, WA B A X I A B P AR DL T X 3 L
e, JUPH A B AR AR VT A X Ssb ik LR DR A EWR, WITHEX IR TE 4 B
¥ G, REEBELAEP T ARECERBEHITER. EAETHAERLEX
HERTE, WERPEREG):

3) BEKFENRBICRHRBERERZ G, BHSKEHNEFRE G
B, WEHXERK G HAAD, GEEB/MIXEAER /L BAFLRXIFI LA R,
FAHXFHA X AR D ELACRA, REHIPR©OQ), SEART—XEKIL
B, HEIZESHAKEILACTEE,

4) Wb FiRER LR R



N N . N O

W RO mE 3-14c Fias, b, AX b X EERLG BLL IREALFR
E, AY APMRRZ E, H TIXAMEZ G, RIATH 2 88 B8 A AR =4
Ak b

A BAEERR A IECE RI0T:
EE%E 1 REE 1 T BirhcH: Ax=328, Ar=13

¢ ZAREAER
B 3-14 R aikEEe
Fig.3-14 Regional stereo matching

3.4.4.3 FTREREHH

I PR 2 (M) VS A 5 s AN A O R BE A T E 4T 0, U] A A 2 FVRFAIE
SARCHEH RS KOS H AR UCHC (AR AT & BRI 00 o« AR ST AR B G B de 2%
ML ATERCEE R, 2000 T YU ILACH AN RE, Sos 22 (UL AR 2= sk bn bt Ui
TR 2 AL A 1 7 1 2B N (du 2% R0 AU UL BC B HE TR 30 A LS5 T AN 20 R R 22 1) 3fe
B o AWETAETT FIRUCAC 7843 IR 67 Xt BT T HBIRILAS, 67 X%
BT 304 MM R 040 B SRR X80, HerP BRI X 173
A, EEERBIRILAC 152 4, BOIFN 87.9%: MMERAH XA 1314, Fif
BUNRIVLAC 94 4>, A 71.8%: SEUUNA N 80.9% . IHAIEE KW 3-2 Fior.
R UL SR SIS T

1) LM BASEAE . 6% DR A3 Lo A PR T Ul L 1) 1 M A DX
TR, FBRTF VLA S AT LA ILAL;
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2) BAMTF. BTHEMY, RUZHEBIAKREFELZERES (ENE
BEoHEHRLBAR 12) FREE, BATREMEE, RIEAMYEAERE
FBRFPHEILEMHIR, AL BB FE—BARESRGOERKRMAR, SRALE
BRA ) BRI E AR, A3 HILAER;

3) HRMMBEAR., HEEE BEEKENDETEH 8-20em), FAFHE
BHRELANBAR, FHTEGLELE;

4) BBHKIER T EREESIBMRE.

A 32 RBRAERAI LR R

Tab.3-2 Results of mature citrus recognition and stereo matching

%5 ZEHN T, EB 4SS
B i i B 304 173 131
IE#BICAC 246 152 94
AL 80.9 87.9 71.8

3.4.5 RBHEBH=HLIRRE

FER B R — RAERIA BE P HXT RARAT « BB HLS BOE R SRR A
BB FMET, BT 2 = AR AR R R . — HE DRI N R R,
SRR TR E R —AMERN =M H . ABTFh, AR R R
RS & RO R B AR B AR (E,  WT AT H AR eSS M M =B .

FERAMAER X\ Y M Z ZANBERH, X, Y LR B&RRAI 4 RE S K,
AR, (NERK Z Mhr. A3 (3.24) UG T U RN B2 B ARBR 1K
ol FEHATSERRMEERE T, EEEBRRELFE R MEW, ERHEME
AT, BIRX R RAHMNK R, R F@ELEE Hough ZHAZ. K
HHREL, Z 8 ERmTARER:

f-d
Z=—"——+R
(x, ~-x,) (3.34)

AFEMREEY, ZHRTEEKE M E, —x, . NER EXRE, &

KKEAER—, 55975 HEMRENREMN Z ERESK. EREZHFMA
T, dABERK, BAERRINBRGREMT, FELTES, RLEREH
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B, R d KK, REKEGRER—MREKITLHRERMHE, 5 REk
TR BINE ELE TR BT FINE G REBLE, X REx 7 B SLAARE 36 3
ITRALEBRKE W, Pro KA d BN ZIEE %R,

FERAMFFRERES, UK EN AT RER, GRELTUELER
BEGUEGSTRENNE GUBERMEEGRUEGSIGEN SO HHSB
B, g r—AMEEPEREXR K BERkR-ALIFERINEE. WAK
(3:22). (3.23)F13X(3.34) 7T LAF% 4k 4 (3.35)~(3.37):

x =4 (3.35)
X —x,
y =3¢ (3.36)
xl - xr
fd o
Z = +R 3.3
k(xl _xr) ( 7)

3.46 ZUHE

SKIAEE AT, ARFFKRBEMAERCIRE, B LRI EA B akT 1R R
B&, BEERELHFHREYRE. TG E b0 EBRE N 900mm~1500mm.
ARERG MBS —B, FRAR-BSLERERRIRAEE L Rk
Tk bisg, bre LIEhARBA S — M 657, B MRELMEM USB #0
R EERRR L, LRIRPRFBELERES. £ESSERE. BHME
Bkt F— R AR HHR, B30 RGHEIEETH IR, RN SO
BB H AR BB SR . TS5 B B0 B R A 32 B A A B b e, B
T 15 B0 B .

3.4.7 LRFFEEHE

R T RAREEF AR LR AT BB IR B e AL R B TE BT, AT T ks
B UTFR—RERE R (ERSREIELAFR 9 MIEHEZ 9 AHEER,
I i P ORI BE IR R AR B B8 S) , BERid k5B ERNEK 3-3 f
E 3.15 Bi7w:
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£ 3-3 AR RAHE LR (45 om)

Tab.3-3 Data of detection results

b=t LB B RE HarthiRE
1000 1004 4 . 04%
1100 1104 4 . 036%
1200 1202 ) 0.17%
1300 1298 2 -0.15%
1400 1396 4 -0.29%
1500 1508 8 0.53%
1600 1575 25 -1.56%
1700 1711 1 0.65%
1800 1836 36 2.00%

% 3-3 it SRR R AR B B U B SRR Z AR IR E T R B,
WERBOCHEENN B R SHHER 2 EN4LNME, AIRERLRESTE
B, WEERSRENXRME 3-15 Fir.

IREENEE R kit
40
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oK —.__ ,/R\
20 — ~— g
-10 Hee64-1H10611268113801140011608-} 168841708 11385
=30
MEFEE

B3-15 RESREEE XL LA
Fig.3-15 The curve of relationship of error and measuring distance
e 3-15 iR 3-3 JLUEH: LRBREE/MT 1500mm B, REHEE L
HE £ dmm L, S0 R AT (S F) 1500mm B, REEK, KRHTY
SHEHUE K SR W SRR BE BB 1.5m B, SRAESIN R LA, 4%
AR SRR A L BRI, FOAZERT S, —Bee e e
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Sk GHRG 2 18] (I 2B FE BS 7E 1.5m B .
3.4.8 ZESH

LRI E 2 R, BRI Bt FHEE 25 4 B (08 & R AT AT .
Y EFEENTF 1.0~1.5m B, EEREEA FEAE Tamm L. BETAEH L
TEHEBIE:

1) BAEAE. ROCSHEESTORGH M EHRIR S, FEEERRE
BRE, SHMSEL. LREZRRA;

2) HIFEREIRIG, FRAXE N LHERIE, {7 Hough ZHE AR E
D PR R REME;

3) S BIEE AT 1.5 KN, BTREN GEEIELNEERR) 1R
B8P ILRBHE RS, BTLLRE AR,

4) TR SRS — A, TR B ORI BE SO B A AR i e % E s

5) REERRBEANS, dTRENSLFESFHEE, § LM%
SEA .

3.5 AFJNE

ATE LA T RBHHEK E GIRAITE, AN AT 15 & PR A
. KRERRATITE; RIEHHE A E LA EEARET T AT,
A H B SLAMRE B AR W 2, AR T —FFr LA i, 35 B34 25 M A4S
AREAT TIRIE, W EREIE T ZERAEMIER AT, BREXREISEL
B S P o B 2 il R T A M ML 4
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EME RN

MEEARBRM LB K, R HBHRBENNE, BT ERLME
BIANEREPE, Z R A TR T R R R I, 3 BF AL U B SR S i T B
JULATLB T B A2 AR e oK PR S 2 TE MRS IR A, AU T LR — R A ) e o B 42
BEAT RN, A AT RERE LA, AR AL 38 AR 5 - AT FUET 0K — 1) B,
HAT T MBS, i R SRR A RIKEERY =
BER. KABGROE. FBARLHE., KISHLFP RENERYTR, RE
T ERFIE A X REFE ISR ENRER KRR 858 RHER 8
ALK R RN =G 8, RRRAEGYRERFRHEN 67.3%.

4.1 BERHKXEREN

FERERIR A, BB EIRAEN. AT R R YR P 2 81
R, MEERERIEELH. RIFRGPHENENHCRESR, SER=F
BB EIT I, BT T ARBGRENN AR, KAFANRGBHA RN R
ZIER-G-BHTIEN B BN BAES FEEREBSAR L.t L FXR,
FA X 2G-R-BEIT NN BIEE BREBRBRRE . WM BB S X,
PR A BE BB 53 3 2 R MR B ST AN B (X 35, H DA E SRS 6 BRI 2K
Hi 73 ) PR AR DX e

4.1.1 BEsE

MRERE G, MERREERSME. W, Rk, K2, it
FX I (WE4-1afTR) « BT RBEKEFOERERRAE, EREENRETRR
A B EL B P X, 4B PR3 A DO R R A A0 3 B 2, AR o AR R
A ASE, RRMERRE, REhABREAS. FIFX—HH, SR
ERAERBERE T BN RIS, 2ER=EWERKIEFE, BT
ERIERE B BREAE G R P BB 0 BB E, B % RS RBE S BEER
B, E4-1bF mraf KA AR K, F4-1cHh & R RE X 3UA St DX 3K
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FEHEACTL 0 P 4-1b Mef 75 B 2 58T A Z)BIE Y B, 52 81421 w1 4-1a 7
Re BHEIATEN, BRT - ROCENBIRI 2 b, PR A RSt SR SRR i ) Bk A
BABR, ek T HRIR MR 8, U TR A 27 fa ke,
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Fig.4-3 Result of citrus branch region extraction
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Fig.4-5 Extract branch region’s skeleton use distance transformation
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Fig.4-7 Extract branch region’s skeleton use graph thinning
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Fig.4-9 Regional skeletons after being pruning
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Fig.4-10 Result of Linear Hough Transform on skeletons
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Fig.4-11 Result of the shielded branches recovery
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Fig.4-12 Result of recognition of branches’ 3-D information
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Fig.4-13 Flowchart of obstacle detection

AR K A2/ % E Lumenera A 7] fILu075 R 5 B AR LM R FAT LA R R
g, WERGE LB ERBMHRSE, LRSEPREBELELIERNE
PR LR RO BT L O RS, RRES & EL2.5m, REKT RS,
P B R G LA BELmBM AR REXN AL EGRILE4-13F R
ITREER, BEIRE =405 BH; BUa BN RO i BO I 2E I e A% K (%) 5L B o
B (FENENERHE RS XAFLMNE), F5HERINBERTHE,
BREGRBIRE . W TRECER, ARBF50R AR~ R 5B B b 8O E 4
HfE, BERO—FEUAHERE, HS5HHBIMNZBMELRELR. AHFRENU
LRI T 8K AR A T HBAME B, MU (AR

58



L% K ¥ M & % £ # X

BHMAERMEXKIR) , WANERWRS1T7R. RA-1PIIEFIRA R IERF
AU =G B EWRERAEENESRUAN, HRARAH, R
MEBERA:

1) BRHERETREEAFHEGRXELEIAES, w4145, BEPER
b, KEOREEXRAEEE GRS B

2) IR ARk KK T SR RG A D IR F) #8 AK PEE(EL i B8 IE 6 VL, R BB
7 B ANHER

3) EAHENPIWERERGTANSFEES, EREMNINERL L™
ABFHIER, GRS,

4) RGMRERER KA EN BRI HIANRRE.,

4245 N T AFIEER Y SR RBIELZ S S EER) TREYHRA
SEHIRE, MR, BEEEBRMHEK, HTESUERSIPRIERED, #
PERER K. Bk, SEERNA T EHR L 5 REAG ) (8] (¥ BE B R 3 H7E1.5m A g .«

A 4-1 MABRHRAER
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Tab.4-2 Average error of obstacle identification in different distances

B B9Vl \m

0.5-1.0 1.0-1.5

1.5-2.0 2.0-2.5
HAEEiRES 3,53

3.77 5.48 6. 84

59



4 L i)
?\ﬁx
A
d ¥
A TR ok mk
b A FI4R

B 4-14 wH LR ZBELD)

Fig.4-14 Segmentation on image with complex background
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