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Axial Dimension Detection of Corrugated Compensator Based on Machine Vision
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Abstract: In order to accurately detect the deformation of the corrugated compensator and improve the disadvantages of the
traditional detection method of the corrugated compensator, a detection method of the axial dimension of the corrugated
compensator based on machine vision is proposed. ZHANG Zhengyou camera calibration method is used to calibrate the
industrial CCD camera and collect the corrugated compensator image information, and then an improved Canny operator is
proposed to detect the edge of the image to obtain a processable ideal binary image. After traversing the binary image for
horizontal tilt correction, the limit edge feature points are extracted. Finally, the overall axial size of the ripple compensator in
the world coordinate system and the axial size between adjacent corrugations are calculated. The experimental results show
that the axial size of the corrugated compensator under different deformation degrees can be accurately calculated, and the
deformation of the corrugated compensator can be accurately judged by the calculated size data, which is of great significance
to ensure the smooth operation of the corrugated compensator and maintain production safety.

Key words: machine vision; corrugated compensator; improved Canny operator; edge feature points; overall axial dimension;

axial dimension between adjacent corrugations

AT Iz MR AR TV A P, R
EOEPRE L PR3 R ARG E B R AR
A 20 42 8OARAUHS , PearrbiasfEn—Fh fbo (EURIREAMEAR WSV MR FE HEA T A TE A

0 HI

il

CEREMB: TTAMHFRALLTH AR "BERRETEAI> T S ERVALEZFRL” (B %HS
20170540722) .




24

BT FETHLALRE A P SOk M A i) RO A5

AU IRAR A o) K A R ARAETE , AT S B0 SOk
IR, — BARIRR A T A5™, EEKR
FRKE, TEERU TAE A B 4, PO I AL
MR EAT TARIRZS W I ok sz 2 H A H
T FE RIS B SRz 1) W 22 SR T R M 4
PGB EM AR, BITREACSK
LUEAE SIVEL Vil iPar - kN (- SR EE 2 ¢l
PG Z R I L, Y SO MERs
TR 1) R AR M L7 I A B e R BB I

BEXE LRI, S T — M AL AL e
AP SCRM ARl i NSRRI T 3%, I R
BRI B SORM 5 4 B Al i) ST AR AH

SR WS b RT, SR S RO R £
MR RTEARDL , %7 RN T ORUE B SURM 2
SRR TAE, HEp A L e AR E T

1 REFMERRH ) R~ 77 =

I T CCD AR ATLAR I 9 SORME2 i 1R

BANE 1 FR, SRR S B kL = PC i,

TWEZﬁFﬁiﬁﬁ@%LﬁZF EEILIpte
ﬁﬂ%ﬁﬁﬁm&ﬁ#ﬁkﬁﬁ,mﬁﬁﬁﬁw
PG R BEAEL o 1 R4 70 AT A PR % s Az
NN N sl Xk L T AN WD O R
s e [ NEE T PN

(a) CCDAHMLIRHL IR

(b) KA &

Bl EgiMEREGER

’ }
| mgwr |
| remag | I
1 Wl WA
I N S
1 )
S Canmy LT Il
ko
: 6
| S (G |— k>

2 BB EAFRREE
2 BUIRE
AR TR = Gk ) i sorME RS 1 R

A, BT E . ATTERTIKIE R
FABUARAE 2, 4 B 5 B0 1 15 3% AL AR 4 ml

WK 3 iR .

A7 15 SRS bR o A AT A LR
E, bR AR CE . TR R E N
500 mm, TR EGEZ, BULH2 =0 E
1%, WnE 4 PR,

AHAILAR 2 19 JE B SE T bk 2 T N S 5
A, WARZREE, SNFSEC CER IR T, e
W R FE, MBS S5 R UTT

647.617 562 46 0 397.593 344 52
A= O 648.331 265 46296.611 230 35
0 1

-7.68876 253458 -0.1721 -0.05144 ]

-4.252715 -2.865857 275.071027 ]T

k=[-
T=[-
0.005287  0.999868  0.008 165
0.940532  —0.001 102 -0.353052

= YEABARER . 5K I A AR R s AR S B AR -0.354232 -0.009012 -0.965 491
FTENRL A I ENGEEAS AR i 4% SRBARBLII N SEL SRR
FEErml [ | B T T ssERmEsR [

B3 KIERMBHIREERE

HAN GUAN

- 33 -



20234 546 %

SR

B4 AEGEEBERER

3 BGEN
3.1 4% Canny &1 %45 5§

Canny FHT-REAZ AT REZ HUbR IR HFRIEIR

PRk, EASARR g 5 SR B il
LR RERT, FHELT Sobel. Laplacian S50 24
MFET, Canny 57 HANERR7, KRN E 5
Bz, Canny FFAGAS RN 6 Fi7s

o N Soble# 1
Y = 3 r.\: SJ7. S, i
R FRE R e g T b

—

—

XU fELAG
et %

FEA A A | —fEfLEER

Bl5 &% Canny EFHNFEIER

B 6 CannyETFTHNLER

ME 6 T i, &4 Canny 5T 45 1 1 K114
HRBOIEN, DGR BCA IR, B
SRR ZAE TR, BB AP T

Wi En g, wELATS I BARfE PT R VE A — (B AL RS
5.8, XI5 St BRI ZRe e S R D i i T 1R
KB, B, BT ARRASEIAR, 45
REGL Mz &R, XFEELRRITETTS
BRI, DA Rl CR i NS T B sk
WEEER, PR LA 207 Ay E i A et
3.2 ity Canny 2 Zte ) HF

SR B e B SR A 1) RGOS A
AR Canny S HE47 1 3 I e, 2
T EHERY Canny HZRAS NG T 7 A eleatk ) 1)
Canny B AR E

VA5 Tl B

BT OR(E Ostufipk

TRALIERIR | RAUEMCT - ) T sE —{aRIE
El7 Bi#ER Canny EFiRTEE
32,1 RAEEE R g(ij) = n(zeg)iian{f(i,j)} (1)
ij)es;

TR DAY TS B Hh (L I O A i R VDA
PIUEPE R, IRE I BRI R B L G B H
g0, 1] 8 MR R AR K]

e i

B8 FEMRRIEE

(1) HEuEs

H ISP — R AR LR, HAMR R A
08 3B JBE ALY R (ELR A IR AR 3R LA™,
XHHEBRBER R | PRI S BACR U B3,
AW

Aty S

G —IE R

g (i —h BB R IR .

(2) BUHUEE

XU — R AR RN R . e
RO RO, G T 2 R RO 15 50 %
BT B R R0, BEZR IR, J3h
WEESE N, B, ERGMNE, Mt R
KHGZR SR EHMEN S G20, M
UEMIR A EIRAEIS . SRR, AR




55 23] MIERTEE : FETHLAUIE A P BORME s il ) RO 4G

DS Dl k)
g(t,])— zk,zw(i’jvk’l)
A 0 G, j, kb, D— IR, BT

S ER A e
(i, ) (b, D——P MG SRR
g (i, D—H IR,
f e, D—4 (k, 1) AR ERE;
[ G, D—i G, j) R B EME.
Hrp, RN
”)(9

(2)

(i—k)2+(j—

20,2

d(i,j, k,l) = exp( -

b o= Wbz

B3R
mem—ghnn%M
207

K o ——fESbRIEZ .
322 FaegHE AL o ik

RS2 1) Canny S ZAGINE Frfr, AR H G
IR B AT I R S B, 52k A
AR (AR AR XA B A S I SR
A ER N ZE o 1 HALR S ) Canny 57 H3 R
FH Sobel BT 5046 B MR B FN /7 0145 ., Sobel 5
TAET A 8 AR ek M T A Ak 25 5 % 2 e A A TG

r(i,j, k, Z) = exp

SR AL, (AR TR AR
Scharr T & X Sobel B 1) 22 S L3 58, PR
BFIFAERCRIEARMFE, {H )2 Scharr H F H
Sobel BT 1EH6 BE MR T3 LS, HAS
DI L i 7 A

DRI A Ty R FH 3x3 4R 380A FR 25 4050, 1
I Scharr 345 . 135 PIABREE 1], #4884
s Lty oy B R = 2 s 1 b < N Ry
BB B (A 4T ) B AR A

-3 0 3
Gx={—10 0 10:|

-3 0 3

-3 -10 -3
G,={0 0 0 (5)

3 10 3

-10 -3 0
Go=|-3 0 3
0 3 10

0 3 10
Gu=|-3 0 3

-10 -3 0
H, G, G,. G." . Gs° N Scharr B F1EK
L L 457, 1357 DU ) L AR R R AR
WIHEGRIKEE, = (5) daidim b
SO i = R N R G 71 g = 2 g o ) B <
BB

KFIH: G, y):l[—3(x—1 y= 1)+ 0(wy = 1)+3(x+ Ly - 1)]+

1

=1
1[3(x- 1y +1
SEpAEE C xy =I

[ -
dl

[ x—ly +O(xy)+10(x+1y)]

I[ 3w =1y +1)+0(x,y +1)+3(x+ Ly + 1 } (6)
[3(x+ Ly +1)+10(x+ 1y)+3(x+ Ly - 1)] -

)+ 10(x = Ly) +3(x = Ly - 1)]

3(a =Ly =1)=10(xy = 1) = 3(x+ Ly - 1)]+

)+ 0(xy+1)+3(x+ Ly +1)] (7)
x+ Ly + 1)+ 10(x,y + )+3(x—1y+1)]—

O(x—ly +()xy)+0(x+1y)]
1[3(x- 1y +1
=1[3(

(x

1[3 + 1y - 1)+ 10(x,y - 1)+3(x - Ly - 1)]

45°J51): G g =71
I

=1

[-10(x -1y - 1)=3(xy - 1)+ 0(x+ Ly - 1)] +

[ =3(x-1.y)+0(xy) +3(x + Ly) ]+

][0(x—1y+1+3(xy+ )+10(x+1,y+1)] (8)
[10(x + Ly + 1)+ 3(ay + 1)+ 3(x + 1,y) ] -

[

1[3(x - 1y)+3(xy = 1)+ 10(x = 1.y - 1)]

HAN GUAN

. 35 .



(=1 20234 546 %

e (v, y)——RRSALIR;
G (x, y)—— KI5 [l (A6 R M B
G (v, y)—HEELJ7 ] 1R A 5
Gy (o, y)——45°J7 ] B E L5
G5 (x, y)——135"J5 [l (A0 L R A
W 45° 77 1) F1135° 7 1] (6 32 43 405 31K
SERIEE BB, SRR K . T E
A5 1] L R (R
AT I BREE G, (x, y) N

Gulxr) = 6.(ry) + Y2 6 (xy) ¢
@Gm(x,y) (10)

B E MG, (x, y) N

6(x.y) = 6,(7) + Y26,y +
Y2, (xy) (an

PRI, YRR 6 B2 AR AN 5 ) A

M(x,y) = \/G“(x,y)z + G),](ac,y)2 (12)

G,(x,y))
0(x,y)= arctan| ——= (13)
(%.7) co(y)

3.2.3 OtsuF % K Sk R4E

AWK H Otsu 5 X AR KAE I IS 7Y
FURSEAT AR B, & — i i 2 8] 5 22 e K A
S EEER BRI ER G R BN, KL
[0, L-1], XFRIKBEG i R RECH N, RN

n;

Pi=i=0,1.2, 0 L~

(14)

[

[

I[=10(x= Ly +1)=3(xy + 1)+ 0(x+ 1y + 1)] (9)
[3(x+ Ly)+ 10(x + Ly - 1)+ 3(x,y - 1) ] -

1[3(xy+ 1)+ 10(x = Ly + 1)+ 3(x = 1.y)]

L-1

zpizl

=0

e R P A E KA A T 00 AP C,
FC,, CoRUKBEELE, TIRBRERAN, ¢ HK
JEMEAEIT+1, L-11MERAUN, BRI S 2E

L-1

(15)

My = ziP,- (16)
izo
C, N C IIENE R
L—liP.
= —* (17)
Ho =0 @Wo
=P,
= = (18)
i iZT+1 @
Hrpr,
T
w, = zPi (19)
izo
w, = S P.=1-w, (20)
ST+ 1
H L A4S,
My = 0oy + @1, (21)
KRBT 209E XN
oy’ = wo(ﬂo _:UJT)2 + wl(Ml _:U*T)2 (22)

= wla)o(,u,o —Ml)z
4% THE[0, L-1JEH NKRIE, Y o,?
Sy AR, A A T ED A Otsu 592 19 5
FEBIE . K e O BB B S B T, KA
M T=T,/2.
K9 (a) MILEH Canny B F A ki H{H
(70, 160) B YRR B, AT LA E

(a) &5 CannyiF

(b) MkCanny

B9 Canny EFTHNER




55240 MIERTEE : FETHLAUIE A P BORME s il ) RO 4G

MEENGHS TR A ES NS
B, ST S BRI G A AR AR R A R
SHE B o il Otsu 587 F 38 7 =K Rk AL
BAREACHEREE S INEE, HmT
Canny B30 A& R PE, AT DL S 09 4% B3 30 4%
i B2 etk Canny B F AR A 9 (b)
Jlt 7 o

4 BEBRREKRRSIHE

4.1 HBEBEARIE

B SOAMERS LA S R e g it 22, FEUE
SrrME S H BUK MR R S, R EE X H AR
FEIG A7 KSR IE AL B, oK S — {E 1k
BaE 10 (a) Frs . AJ7 % f# H Hough 25
50 L ME R R R, P AR AR R 3

B2 A AR AT e B A 24 S I IELR R R TE
Hough 78 1k 1 i% JE A J BJE 6 1K R BIr 7 1 R A
i Z& ) B4R A5 WA 2] Hough 25 8] 19— A4~ A5
ﬁﬁmﬁ O T 8 A T 4 1 ) R 48 il 3

U (B Y R 8123251 LR Hough 7% #1515 31 5
MEEZLME 10 (b) S Z R, 77 LUA T
Kol i) LR 2, AR 3k 2 1 4 1R A B
HRPRICHI R, Fbh i MU IR B IE S5 SR . DA
i 3 HE 58 Hough 78 A Sk 44 il A6 ) 1 4 #)
Fr G B B KRR . B T8] Y /N
DLSR B e AU B B M3 Hough 22 1k
FAF R RIS HL B 10 (c) AR T
N B a MHE R Hough 28 # iz 8 4k (1 3R [0l A
AT LA R A AR R, A AR A A

o S B AR A RS IE L RS K ST K IE 19 45 51
wE10 (d) Fros.

(a) MR —(aILEE

\
\

() BEHHoughtth s

(b) Hnughﬁi\muéﬁ%

(d) KIEREER

E10 EERESER

42 R

P SMERTEAR R R, X —HABE
PG EAE N 1 B ER 3 AT 38 Iy, BRI R 41 25
fEs, B IE LA 11 R

PR BR D SRR S AR Z 0, A AR
ESEL, T LR BRI AR S A A AR
R IR, SR 5 I s R A S5 s
UM A% B At 1) RS DL KORR 918 10 e 1] ) Bt )
RAF (UERE) o PR s [B) R 50

E11 fREHFERER

HAN GUAN

- 37 -



& 20234 546 %

2

Lk:/(Xz—Xl)2+(Y2—Y,) (23)

R RS EEE b S Se i, b 515 0H
(IIEES s AHAR I S Byt ) RO 604 b a5 5 e £
eSS dEiSes . b5 R 5ES L k
RS EA R

5 EHEEMNKESERSH

R 96 UE ST AL 5 B AR T B 2E Canny

R OH 25/ N o= i WA a1 Rt R
XoF U SO M A8 A Bl 1) RUST ARV B A A 7 AN [
JE Y R GRS 5 0.02 mm JERR 1R 43 510
W SRMERS R R R 4 . VR R AR AR T e
i ROF DA SUERE , SRS 5 AT ik s i g R
SPUETXTEG, BTAREE R 1. F2 K3, Hip
be . Lh 3 KT R I S50 # M #8204l 1) RS 5
FMEARE B R SF, bey ed. de. Ik, k. jh 3R
SR SR M AR AR I SR e RSE, R RR A I
B AR IR B an ] 12 s

®1 KREGRFHER T RRE

Al ] SF /mm
iH
be be cd de lh 1k kj Jh
ST REE L, 90.10 30.00 30.00 30.10 90.10 29.90 30.00 30.20
RRMEAE L 90.00 30.00 30.00 30.00 90.00 30.00 30.00 30.00
2% iR 2 0.10 0 0 0.10 0.10 0.10 0 0.20
K2 REEFRHERTHER
1) ]S /mm
WiH
be be cd de lh Uk ky Jh
BORTHAME L, 80.50 26.70 26.70 27.10 80.60 26.80 26.70 27.10
FRMEEL | 80.58 26.74 26.74 27.10 80.72 26.90 26.72 27.10
EIPOREE 0.08 0.04 0.04 0 0.12 0.10 0.02 0
*R3 REEFBHBERERTIER
Hh1a) RSF fmm
il
be be cd de lh lk kj Jh
HUATHAAE L, 67.50 22.40 22.40 22.70 67.60 22.50 22.40 22.70
FRMEEL ) 67.62 22.42 22.42 22.78 67.82 22.60 22.44 22.78
26501 1R 2 0.12 0.02 0.02 0.08 0.22 0.10 0.04 0.08

......

E12 EHENSEIEIHE

X1 HR B o R 2 M E AT o B A
AR T7 w0k B R e RO S AR R RO

AR RGP AR VR iR 2, (H R 28 X 1R 22 /)N
T0.5 mm, AT LA, Gk WA Ok B A A
ROSE BOHE 2 il 52 09 o 4% AH A8 I 2 1E] 4 fih 1) R
sFCUEHE)  TA) A 48 X8 5% 22/ T 0.5 mm, ATk
pOES SR Py R VIR A R R A N e P
TEX 2] W R 2 LR 3T, RAERBIE,
I HL BT 53 A B A B 1) ROS) RO R(E 2
B, SO as A Ll A Z R E T B SO S
fir TAIRZS N IEH o

M2l E H, BarkME s i TARRS R
IEHH), JFHAEXRPLEIRZE PRGN,




55 23] MIERTEE : FETHLAUIE A P BORME s il ) RO 4G

AR5 B R R BRSO,
TUE ] 25 P SR B i AR B 4 i, AR D7 I AR R
RE VHE B 4 31 80 A il e o A RS B AR 4R 38
S 1] Bl RS CIERE ) 5 53 A 08 A 4R ik 2 18]
A Bl ey RO Gl ) AT 20 b, el 1%
e S0 A= 25 18 BT 47 G il B0 2 ) 2 4 ) 78
AL

MEIATLIE H, ERE RS &S (A
e 4 T P SORM A T BRAELIE ) A J7 35 75 4R BE
HEA B 3153 Hh A5 dh 1) NS Bod s O HL A% R
[) A4 1R 25 16 SR VR R 2 ) CBROA B B 2 A 55
f49) 5 DA AT S T 30 S0 422 48 1> I SR A
P95 7R 2 AR A 5 BT R R A A )
ROFIF RS RS H, 7e 8 Al i RoF R
BRI O T, Besth) XA kAR, N
T ) BRI £ TR 2 T 446 2% T Dl SO B2 2 10 T AR
WS RIEH .

208 L 3 e 24 A I X 36 R AT AR 23 T A
Wi, AR D7 AT LU RS i M TSR I SR £
i 10 il e R A RUST LA B AR 48 38 8 [v] ) Al 1) R
SF e ROSE A B AT LA B A IR 3 S0k
Fe 00 AR S, DA a5d W AR T3k il LA KT 35
DM A 1 A2 IR D AT A R0 . A
T TR A S 0 H ARG I Ak sz BE AR R Y
MR, W B REAAEA B TEIL A
T3 BRG0PSR i (8 LA R Ak
W, R SRS IR 8 JRAR A BRI A A
71 T LG A i A T R

(1) ZAT7 0T LA 3153t il S0 b 2 4 il
[] R RS LK AR 408 i 40 =2 18] Al 1) RS Y
i

(2) RHMEGE Canny 5710, BB EAY
PRSI A E SR, A
J7 1R Otsu B35 AT DL A & AR BAEL, AN A
T A B B AT 3RS S BRI AR B 1R . AR TT
LR I AR Canny 557, AL 5 T PSRN
g G A ERR L, AR LTS8 Canny
THNBA FIENE, SEE TR AMER R
JEAS N

(3) AT HL A SEH AT B A 1] R 547
RN P L 52 A M5 A B A R A i
P B T (9 22 2B 5 RSN AH 08 52 S ] £ Al )
RG] LUHI W e SO M e 5 R R AR, X
TR - 2 BA R

(4) FESEPRRL I, BEOAMEAR I SUROE AT
XFSEBREBLITE A, X T ARl SO B SR
for, BT BRI A B, IR —
AT, BB RGN %, A Ts
VA BENS 1 I8 AN AN [R] I SO I S0 Mt 1) Bl
] K)o

SEH

(1] Rt 20 s ks MR, 5 R RS S 203 (Y 0 s bt W
MRG BT ] AR 5134 ,2021(3) :49-52, 58.

(2] 2, A0t 0 . D SO S e 2 T R G (). TR
B4R ,2019,26(3) :354-363.

[3]tifEse, F K, B84 3T = 4ibrE M AHP LR 2 07T ).
R IRE S5 AR S0,2021,40(6) :48-51.

(4] sl JEBEPE, XPE . 90T AbR i 4 DIC (iR D &k v A 17
LI L= a9t 5%, 2016,35(2) :8-12,21.

[5] DONG L, PAN S H. Improved canny edge detection algorithm
based on deep learning [J]. Scientific Journal of Intelligent
Systems Research,2021,3(2):15.

[6] YONG W K, INNILA R J, ADDAPALLI V N. A study on the
effect of canny edge detection on downscaled images[J]. Pattern
Recognition and Image Analysis, 2020,30(3):32.

[7]BADRI N M. Image edge detection techniques[J]. Accents Tra -
nsactions on Image Processing and Computer Vision, 2019, 5
(15):13.

(8] T80 . 6 T1R 45 0 0 0 1k PO B 0 A M 2 A W52 45 0
FD L #B R AURF,2021.

[9] JOSEP A, LUIS S.Hybrid filter based on fuzzy techniques for
mixed noise reduction in color images [J]. Applied Sciences,
2019,10(1):243.

[10] SREEJITH S, NAYAK J.Study of hybrid median filter for the
removal of various noises in digital image [J]. Journal of
Physics: Conference Series, 2020,1706(1):012079.

C1L] A, Emesl, X B . 5T Jnd 0 I A M A L a0 5 1%
WFFELT ] M AR 41, 2021, 35(1) :49-53.

[12] RAKA K.A novel technique for texture and edge preservation
using bilateral filter [J]. National Academy Science Letters,
2021,44(2):25.

[13] ZHANG X L, DAI L Q.Fast bilateral filtering [J]. Electronics
Letters,2019,55(5) - 8.

HAN GUAN

- 39 -



(=1 20234 546 %

[14] MAI X. Research on simulation rendering technology of
watercolor painting based on canny edge darkening[J]. Journal
of Physics: Conference Series,2021,1748(2):022011.

[15] LADANYI L, KRALIK M. Automatic buildings detection using
Sobel, Roberts, Canny and Prewwitt detector [J]. Journal of
Electrical Engineering,2021,72(4):33.

[16] XU H Y,XU X L,ZUO Y B.Applying morphology to improve
Canny operator’s image segmentation method [J].The Journal
of Engineering,2019(23) : 12.

[17] 22k, bR B2, JEF5 18 . 2277 17 Scharr (14 48 0 Z K61 5
ot L[] THEAR ,2019,53(2): 130-133.

[ 18] ZEubinr, ThARBE . 3 T o i1 Scharr B35 1076 L AL %50
SR (1] AR L F T ,2019,39(3) : 103-106.

[19] 25k, 220, M &4 . ik Canny 351 76 548 it SR
BFTE L ] B 2 2024z, 2020,37(9) : 46-49.

[20] LIN,LYU X, XU S K, et al.An improved water surface images
segmentation algorithm based on the otsu method [J]. Journal
of Circuits, Systems and Computers,2020,29(15):17.

[21] CAO Y Q, WU D, DUAN Y Y. A new image edge detection
algorithm based on improved Canny [J]. Journal of Com -
putational Methods in Sciences and Engineering, 2020,
20(2):42.

[22] 252 S E R, #3602 T OTSU HI Canny 5T HILLAMEIZ
FROESEHL T ). BEPEIE T R %2%4k ,2019,35(6) : 33-40.

[23] KE T, ZHANG R D. An improved canny edge detection

(E#%31 1)

(7] 22 (1 00 SRR 72 06 , 465 . 300 3 AR 4 e (30 £ 7
BRI REL) ] S B, 2012,33(1) : 55-59.

(8] XIJB .CIPS H A AE F AR A3 A8 Ay 1 FH L] AR
FrifEfk ,2018(6) : 34-36.

(O Bl 5, Wi, F I , 45 . 380 M % 3 065 ok 14 % 725 ot G 1 A
T A BT[] AL H AR 5 1% %28, 2016 (12) : 37-
40, 68.

L1070k A, /NS A5 AR S IR 00 7 S8 M 5 3 25 B
b RIS I b B v L C 1S+ T T B AE R R
WA % B 58 30 BRI 7 A4, 2019:
297-299.

CUL]Aar 32, T, A7 3035, 45 L BTl i 55k A 8 7 3 0 46 T
HARBEFE )] b 50 B R 2 2% 4, 2017, 37 (6) = 567-
572,578.

algorithm [ J]. International Journal of Civil Engineering and
Machinery Manufacture,2018,3(1): 15.

[24] TR REBAR, T35 3T Hough 284 1 BT L4 B ¥k K
WO [T] 2 52 i HEAE L, 2019,42(6) :214-217,221.

[25] DONALD B, YUAN C, STEVEN L M. Analysing arbitrary
curves from the line hough transform [ J]. Journal of Imaging,
2020,6(4):19.

[26] Z3ge, 5 S, B4, 46 ST ek A% Hough A5 Y 1128
R A s (7], 672741 , 2018, 38(8) : 170-178.

[27] WANG L H,Y Y,SHI J C.Measurement of harvesting width of
intelligent combine harvester by improved probabilistic hough
transform algorithm[ J |.Measurement,2020(151) :43.

(28] 45t JETF I F > SHLA A A I R G RIAFTE 5
SEERLD L AR - by RGER %, 2020.

(29 ] Hn . 3 F TR B 2 2T 1 T A% R SH R LA 6 T S e AR AF
2D ] TFR : LA K%, 2019.

(30 AL . 3T 1658 7 i 5 R 27 21 19 SAR PG AR AR A 00 3ok
oA T 5 3SR D ] 6 22 D4 22 i FRHE R 2, 2020.

EEBAN: wE&R (1996—), B, MLHEt, £&
INFE R SRS S | BT R,

ek B . 2022-05-19
BHGR E H . 2022-09-11
Fidk: & W

[12] sk, B85 2, BT, 45 . BH A 28 AN )5 325 1 2 45 1
S RAELT ] i = fiiz . 2009,28(8) :35-37,79.

(13 ] A0, B ak47 . f LR 24 G 9 8 T2 B b R B s JH (7).
TR Tl 2000(5) :98-99.

[14] Pe, 5, 3Kl . CIPS+DCV G 78 i S b A% 8 A1 By 1 )2
K FH LY ] A TR, 2018,37(8) : 195-197.

[15] &/Na TRV, itz . S AT S D)7 8 J2 5 e 00 o
MAHLT] A %12 ,2001(7) :34-35,58.

fEE®m A WEEZR (19949—), %,
FRARRAEE RIS G,

MERTLAE, B

ek HiYT: 2022-07-08
BEoGR M H . 2022-11-25
. AT




