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Fine localization algorithm of automatic cutting
machines based on machine vision

LI Guang-ming, ZHAO Liang-liang
(College of Electrical and Information Engineering, Shaanxi University of

Science & Technology, Shannxi 710021, China)

Abstract: Aiming at the problem that the requirements for high-precision products could not be satisfied due to the low cutting precision of
traditional automatic cutting machines, a method of using machine vision technology to improve the cutting precision of the cutting machine
was proposed by studying the structure of the cutting machine. Firstly, the improved morphological gradient filter operator was used to find
the rough edge of the sheet, and then the sub-pixel fine positioning was performed by the gray scale method. Finally, the sub-pixel edge
points of meeting the requirements were fitted into a straight line by least square method. Then the offset of the sheet was calculated according
to the geometric relationship, and was used to guide the correction platform to compensate the deviation. The method was simulated and test-
ed by image edge positioning experiment designed by Matlab. The results indicate that the cutting precision of the traditional automatic cutting
machine can reach 0. 03mm theoretically, which meets the precision requirements of most high-precision products.

Key words: cutting machine; morphological gradient; gray scale method; sub-pixel fine positioning; correction

N SATRYIRIIE " B (LA A 5 K RS P PR
0 5l & A I DRI E S T 0. 1 mm AR

1 Tnlay ST GEPAVE R e s TR, BB AR DRI, SR
AR AEAEBBL R ke Coben B RITRRE TS 0,05 mn: BRI
SRR IBLIE PR A T LR % ok (e IR DICRIIRIERTIR 0. 05 mm; A IRAG e vl

WS E N 2RI R R s e IR R ATIE 0.03 mm,

Wr#s B #A:2018 - 11 - 08
EEWA By4E JE TR H (14JK2004)
TEE RN 2 (1963 - ), 55 BRPE PG B+, 204% , 2R Tl ad Al | G Ak 3145 0 T o E-mail ; Ligm@ sust. edu. ¢n



52 1]

AL, 45 T LA E R A Sh B DU E (7 A UHE - 149 -

F TR R B DT HIL A A% ) 5%, R SCal i 7 1L S8
DIMLA T 5 07 e — 000 R (0 2 R AR i R D)
T

1 A UIALE & fd 72

ASCGHAS LG A S IPL B L% 3 &5 CCD T
WARBLEEATE L . Herh M 5 LA AR BN &
J7ERTRLAL , 73— 6 2 MAL . SRR =
BORLF- 5 L BIHL_E A2 85 & Hh A5 5 ik A AR AL
T, Fh T4 FR IS R R R B AU A T PR AR A B

A ShE DTN E AR 1 s,

1 A SRR E AT e

TEAR PR % 8 (633 Z R, il X 3 5 4%
BHURE GBI TR E

N T PRI AT TE A AR AL 2 A B
BB 5 2 80 mm fY e BEAL | LAFR iy B f ik BEAR R
N TR SRR AL EREE AR E M, TR ML E LR 2
GRS, B OoR A L8  1) T 0k R AR B 1Y 1 B Ak T
LB SR JE R FELIE R 1K RS AT 1B R P %
RN, 2 AR AR 3R 2 i 40 U0 ) 3100 2 IX 3
HE— AL 253 B B B0 BOR A 2 PR AE B, BRim b
FEFRAF BT AR R D G it AT &S . LA A7
XA BRI UG B 5 R, Sl U 56 R T
A BT RRTE X Bl RS A

SLPREAE D HAURIOR BRI G, TR
e M BUIWIER R —ME T AR BRI X
I RROIBLPE ) 2R 8 Ak A MR a4, AR 20 1 ARORHE X
77 1] B9 3 Al R AU R, AR L AR O 2R 153 s Aokt
TE X 07 1 L 5 B (A Dl % £, LK Y Bl 7 1) Y
TR, SR e A R IR B W RN p 475
Rl B 24 it F- 15 % BROREBEA TR0

2 BRARPLEBALE

TERSORNA G558 0 Z /i, B SE R B A SR pLt
FIRERLARAE " SR HEAT B SR W AR A T, Horb AL
b AR B LR — SR bR HERR E MR, B2 shbr

B HARHLIA SRR E e AN [R5 19 15 ~ 20 sk &tk
FrARACIE . AARE N, B SRR AL N b2 Eitk
FrAit .,

TEXT ORI , 185 2 AT 2 a5 L A IE A IE
R SR BOR I E B VI 5 A bR A7 B AL | 98 HE i
BHLAOLE, A LT P 215 RN A9 3 2 sl €
PRiC  F LR AR Dy A AR DR, 7 TR B P 22 o AR AR
B UERBCRTERRE RS AL E R IZ et AR RS
PRIEAR R FOR B A 2 S B A TE AR

FAAGE 5 7 B g 2 s

HIBLILE Bkt

\\ //

g

(a) FAL AL IEHT IO

HIBLLEF /ﬁ*?t
\ \

A

g

(b) BRI H iz
2 FARIE R E R A

\
B ARRR R

\
b ARRR R

3 Bkt ER i SaR I

3.1 RHAZHEENS

XTARBLIEA T RS AR IE I, {8 AT XA 2 #E 1 7R
R o S 38 A FH 32 2 A I 55— > o LR R A T Ak
W DR R HEN G U X BUR A Tih 2R 4
BF, BRI X Ry R/ N A 25 4398 55, 5 52 W RE ) T
H 2% S AR JEUH 2 i TR i ki s o) e 25 2
BTN OR M s o Y B R 2655
B B2 B 5 SR

Grad[f(x)] = (f@b) - (fOb) (1)
Ao f— IR R b— R R ; @ — UKk
BH;0— URFMEHE,

TR IR AR BN &, Kl 25 R 0 43R 5
SR ICER ML PR VIR OC , 4546 J0 3 e 45 1) O 22 045
fift 3 SR AR A7 BN A RS2 | BT DAAT 2 38 %) B R
FEAS S BEUEAT T etk , kxR

[Grad[f(x)] = (fob) @b~ (f-0)Ob (2)



- 150 - HL F, T T2 %36 &
Ao —IHss; - — Mlisfi, nj,zLig'E i=1,23 (6)
SEBRARAE 2 B — S5 4 TT BT I ‘ I .
S O X L BB A A P R 2 TR e, A Se v i 4~ 2N g — IR ISR R A

3 x3 R/NREE IR, 2 BT I i FR 5 5 Ab,
KA TR A 2280 BE AT A &, mT DA 3 el it I
(TR A 250 BE R D 5T
IGrad[f] = ¢, IGradl[f] - c,IGrad2[f] (3)

e, e,— AREL, H A8 th /N 5 B 3 R T
13K 45, 1Gradl [ £],1Grad2[ f1— PN ARSI TC R 1)
YRGS 2R

M TR R LA T A Z5 e R G
TG AR, A e AR B s g an , TR vk 2A B 4
AIBTRRRE T  IE AN, A8 FH I 25 2 DR U 7 7 U B M 75 T
EUG NG S ARAE , B 7 5 T bl ik
TPIFATIB S WO 8 T AT SE A A
3.2 WRLAGIEEN

FELE 7S AR e 22 A 7 TEORG 240 1) 2 o7, {7538
YIKREEEAE) 0.1 mm PUR AR SCRA AR R EUR AL HE,
FEF L LR R B

— AN GRADR BENE 3 FR .,

B3 g
B AR — BAE A 80 AR B AR — 1R E 00 AU
M M8 — TR E K — BBk, h— B
P A A E 6 R ARl — TR ST R

B u(a) LR PR R, D — 2 2 R B 21
EWoR
E(x) = (hy =h)u(x = 1) +h (4)
IRBEEA by 1 by AR o5 B LA 53 50 p,
P Hopy +py = TRIEIKBEREAYE S, B f(0) h—4E
VESRBRA, m, 9 p WTRBERE HRARSE Xm, = [f () d,
ATRLHE G2 BEAR R T 1Y Fi = B K R AR B HUE
WO
}:p]] i=1,2,3 (5)
%HL%MWBMTF%%EWTﬁg

ARG A SR, PR R 530 5% 73 A1 ) K JEE A A5
PHUAR i 100 5 14 D JEE FELOR 5 — 25, A

2 n

- i 1 i .

m; = ijhj = *ng 1 =123 (7
j=1

XIS (7) SR, G4 (4) T SR
fir

1 n s n-1
l—npl 7_7 4+;2 2 (8)
1S (v -m) my +2m° -3mm
,ﬁ\qjs=—z — =2 L 172
n o g g

o =m, —m,
MG () Wit XS Z A 4 ~ 6 MR A
Eile VRS ENERS S VIE- SRR & S ivA-a
3.3 RINZFERFEEEME
%Tﬁﬁﬂ%@@L%E%%iﬁL%E%ZE
iR 25 18 & /D, 3xX 5L AH /) 3 ik LA ok S
BRI OB R A A B A W AS 2K G G REE A A
BARREAS PR F e /N e 1 25 28 0T S B 0 % T AE 1)
HE By = ka + b FR A EL R, R
1k B AR TR EAES Bk A b AL 2R A Rl 15
LiRE /N /Y

L= jz [y, = (kx, +b) 1% i =1,2,.n (9)
L—iﬁ%%ﬁ
Y- (kX +bE)'[X E] =0 (10)
Hrr
X =[x =x, x; - xJT;
=l % oy vl
E=[111 - 1]",
P (9) HEATRAE, ATHEH kR0 b By FRIK S
A
IDIEAEIDIED T
k==L =1 =l i=1,2,3,n(11)
AR lx)z
2y kX x
b:EL—zéi— i=1,2,3-.n (12)

FIEBIAM R TR R, il i BRI a]
PASR LA KT E , 7R S AN AR 5 0 a5 T3 U9 07 1%
KBRS



52 1]

AL, 45 T LA E R A Sh B DU E (7 A UHE - 151 -

/N TR HARI A AR KK 4 iR,

i

o N = VRt g L Sl
GHETR

l

WEIAh% S8R5
HLLMIEED

EBRATTHI BT 5

=D =15 W BT 2

N g)
K4 "ok ELU SRR

SR R AN b E, B0E Ty = kx + b 9—A>
FIRA SRIGR A 2% 1G4 SR T & s B
HEMIEE  BOE— D BE TR TR % R SUE H
LMBE B IR Y S, R 2 b L SRS i
P B A B R, WDRR I s T AR, SRR
FI B/ N B B S T AR i 5 EL 2k e
S, e R G i R BRI E A0

AT /D ATk B A A HE T IRIR
AEBRZR TR GBI A A B DT R

4 BRI

A FIROR T e T2 AR5 , T X B G
TSRS MRS BB R 5 s

2 |

——————

K5 Aok s El

Bl 5 1,3 3B CCD AHMLEY IR rhty 20 518 A A
B S C 5 ERRENLE BB . 0 e R
TEER MR T 5L FR TARRASEE, LS 07 A
(HETE R R JAESEBR T AL A 28 2 o7 B — e Ah T [
SEARAS  ZRVIHLAT LA P AL Z 6] A BE 25 AB ANAE
FINNA Ly, HAEDELAL i AL LI B 17 FEAL PR H AR L
FrfE HER IR S CH 2Ry, £m o L, Bk

s S o ESE B B A EE D 60, 5 RO AT L 725 19 75 1]
PR m, AU AL s 0 05 1 BE e €, 45 45 0
MRS RN (€,m) JETEGMEHRE TR AR S E
MBS F RLC A GRIZ I BIIEE], BUE E 5 F 5
LT HZ AB B T I HI5 a2 1R 24 6 AL T HE
CH ZEMIR AT W0 IE 45 AE > BF U 0 f1 77 7]
MAIE LR A
BF

0 = arctan[L (13)
L,

HI T A ShEDIHL A B P LR S RS 2
iK1 mm , BORHETFR U U TR, 52 PR At bRt A i
P RE TN R B — 2D T N
n = AE — AH - sinf (14)
& =CG-1L, - sinf (15)
XA R R B 2R 2 1) PRUAG AT AR B 359 D
BAEE R (&,m,0) R H R 296 oo, RS2
IRAILAA BEAT IR

5  SLIG Mgk

5.1 XBISTE

T UE AR SR gy vk A st 2R
Matlab2016b 31+ T BRI G E M 3050, EEALTRINT .

(1) ZER— RS R/INA 800 x 600 182 1K BE
B, I 24T 5% 05 B, A R AE R AR R Ak Ry
350. 5 b RG—~ B i BR AR 10 2, ol L A 2 i
BEUG K BEAE Sy 30, A7 00 i) UG I BE A 2y 220

(2) R T BHEARHLEUS O 2 b i SR B, A
5 07 R B AG EE  BC 2 v T R RS ) L R kAT
G RIS FORB RS DL R B 1) SEPREUR , b o — 4k

o

x2+y2) (16)

20,°
(3) o TR SEBRA: P PR v 5 A R 7 T YL IR
O, RS AE AR I ASE I 0, 5 2502 15,25,35 (5
Hr s ez G A el i AR S B DR B
UEATHLEN, SR S5 e E &[0 1 05
1 1 1; 0 1 O]"A[1 O 1; 0 -1 O
1 0o 1]%
(4) a5 PR R BE B ik AT e 67, 5 52 B
AT HREL
5.2 SRS
NGHEE s SR R A A5 2R A AR A Y SE 58 X
LEE R NER 1 R,

g(x,y) = : eXp(—
’ 2mo



- 152 - 51 R S D %36 &
x1 WHEBERLAEHBEMGESLRENLER (B GR)
BEA  REMEITEME BEIRS LI DACE =) HENAR R R HLE AL R 2 K MR ZEE
g2 =15 350. 5 352 350. 52 1.5 0.02
%450 17 g2 =25 350. 5 351 350. 56 0.5 0. 06
g2 =35 350. 5 350 350. 47 -0.5 -0.03
g2 =15 350. 5 350 350. 43 -0.5 -0.07
%5900 17 g2 =25 350. 5 350 350. 47 -0.5 -0.03
g2 =35 350. 5 352 350. 39 1.5 -0.11
g2 =15 350. 5 350 350. 38 -0.5 -0.12
%1350 17 g2 =25 350. 5 351 350. 63 0.5 0.13
g2 =35 350. 5 348 350. 45 -2.5 -0.05

MFE 1A LIEL. pick cutter by lab-scale linear cutting machine testing and fi-

Xof T 1 40 1 R 7 s Y ) BAR B0 2, 7 R nite element analysis[ ] ]. International Sciences, 2018,
JEREREEALR 2 ~ 3 AMEE 5 T2 K BE L WAR R h S K 103(8) ‘32'374;

) 2 g & D 1] ?:/ 4 53

N SR 0, 1 0.2 105, B e et

i s SRR T CAEBULZS i R K 224, 2014, 40

fh A Rt T 1) CCD AR LAR B3 800 s i
HA IR, 40 2 [ 1 A )

600 {8 S %;/Jj, 49 40 mm, o B o) e i ST SR ik e A
PRI TR /NE00 0,05 mm, FETRVD HLMs 2L EDBL LRI LD ). AL TR, 2016,33(3) 1378
TRV AT 4, B 1 2B A2 B -,
BERTEAMEORIN 1 mm $2#531 0. 03 mm, (6] MG, FrARRI. BTV B R 2R (T A9 22 31

T RO 52 [ )] R B TR 424k ,2012,31(3) :19-23.

6 74 Eﬁln [7] SWHE MR, 2 6 ST UHE S E N n
. . - ot 11 2 GeRrmi[ )], THAEAR 2017,51(1) :101-103.

FRHE SRR R s e
\ - - & ; N Elﬁ . ‘n,nz, N . Q‘ . 5 on; lang. mage edge detection base:
KR nu%*ﬁ'ﬂﬂ% BT HLASL A, ZIKIXT'F%:E‘ H Zj] on Solitary wave algorithm [ J]. Applied Mechanics and
%&@J*ﬂjﬂ:?j‘?ﬂg& ,&i_f‘T#Eﬂz{%%g&Egﬁg'fE%%o Materials, 2014, 3277(608) :81-94.

RO AR R R T 0T K A58 R A [9] FABIJANSKA A. A survey of subpixel edge detection meth-
%é‘[, y E‘Eiﬁiﬁf@ﬁwm E‘Jﬁ@]*ﬁfﬁiﬂjﬂ 0.03 mm; {E ods for images of heat-emitting metal specimens[ J]. Inter-
P28 TAESRE R FELRT.) Eh ARG FE national Journal of Applied Mathematics and Computer
PUARTRSE ; Jm SeATy s A0 B C 8 7 T A Gk bk — b Science, 2012,22(3) :65-68.

e [10] JA &%, F&oo,5k M. T WARR g0 %) 7] 2L
faIsHmE1]. THEAR ,2010,44(9) :94-97.
2% 3L ( References) : 1] B, X 5,5 kT EMEIORAIE NN
T vk LR \T‘En 3 e .
(1) AR E R X, % R AR S f}i ?Ji SEMEPIEL L TR A 200
I B AR 12,2017 ,25(10) :9-12. i
! - ) [12] W RSN AE R4 ST TDOA 10157

(2] H T BFRUHAGHALE )], 22 ED,2007 (4)
31-34.
[3] PARKJY, KANG H, LEE J W, et al. A study on rock

cutting efficiency and structural stability of a point attack

AR5 AR

PN RIEIT [T]. B P A5 #F, 2018, 35
(4).102-108.

[ #mEE: JH SR

BOH] B s sE. JETHLAILSE Y [ iR DIHUR E L AEBTIE 1], L T2 ,2019,36(2) 148 - 152.

LI Guang-ming, ZHAO Liang-liang. Fine localization algorithm of automatic cutting machines based on machine vision[ J ]. Journal of Mechanical & Electrical

Engineering, 2019,36(2) .148 —152.

(UL T#) 2435  hitp . //www. meem. com. cn





