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Design of Automatic Assembly Control System for

Antigen Detection Kit based on Machine Vision
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ABSTRACT

The automatic control system based on machine vision is a current research hotspot, which
has the characteristics of high sensitivity and adaptability, etc. The system can realize automatic
detection of surface defects of workpieces. This paper proposes a new solution to the problems
of low assembly efficiency and high missed detection rate in the assembly and production
process of existing antigen kits. The paper focuses on the feasibility of applying machine
vision-based technology to automated production, detailing its working principles and the
specific process flow.

This paper uses machine vision theory to assist in automated production. Based on the two
directions of hardware + software, the research content is determined and a reasonable system
framework is drawn up, taking into account the production requirements. The system hardware
uses CCD cameras, lenses and light source lighting systems to build the environment for the
inspection process. A Siemens PLC was used to control the production line equipment and an
electrical wiring diagram was drawn up for the system based on the hardware part used in the
system framework. The software part uses HALCONT for image processing, including image
pre-processing modules, image acquisition for defect detection of individual components of the
kit, enhancement as well as camera calibration and robot hand-eye calibration. The writing of
the automatic assembly program was done via TIA Portal. The human-computer interface was
developed using Visual Studio 2022 software and the programming of ABB industrial robots
was implemented using Robot Studio.

Finally, a control system was designed for the automated assembly of antigen detection
kits based on a machine vision program control method. The system acquires images by using
machine vision methods to capture specific features (e.g., size, shape, etc.) as image processing
base information and then obtains the required data by converting it into digital information.
Through experiments, the recognition rate and correct recognition rate of the system can reach
over 95%, which can meet the requirements for the detection of reagent strips in kits and
real-time monitoring during the assembly process, realizing product quality control and

production automation management.

Key words:Machine vision; Antigen Detection Kit; Defect detection; System design
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AHAE, AR G R M SE IR, Horbfe 1 B ZE 0 AE T i A B I FE AR . CCD
RIS R B E NG S, BT IZ. CMOSIE S AR IR AE /1, v LATHR 2 1
A, Dheeide, AN Foth 4 4% i B AR A B — A b

FEFRR R KA, PIRME RS HITEREAEZ D Z R, CCDANLEIE S BA 41
— ik, 2 R HAX AR E . CMOSHINLEIE S S Hud R, BN s AL #R AT,
FEH - SWEMFEE AR, (B 500E AR IR . CCDA% K & i R B
— T CMOSAR IS, 1T HAEARIRAE: R FI, CCDRER = 0 R B AL T CMOS %

SR, CMOSHE AR TBOR &8 AN — 2k 25 F BUSAR 7 RARXS T CCDA% 8 B i Y I P
Ko HICFEES, CMOSHE AR B A% AN D FE 2 HE CCDA%R A I — L0281,

W26 R I 70 955 0. 1mm/pixel s RGN 73 #FF 0.5mm/pixel. 7 G AL BT
R AL /2 70mm X 20mm, T RIE 2 L 7E DY JE B s (], B DO R E R
75mm X 50mm. 7E 3B B AR BT T, i BGEGSE RST 0955 0. 1mm/pixel R
THREARNUA BT 7 7 e .

TGN T7 15 2 A=75mm 0. Imm/pixel=750pixels

MR A 7 2, T 56 1 98 RO R 7 E A ) BB RS 22—, 1695 0.05mm/pixel
R RIlBaEZ STl E: AN I
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TP, BARHLTEE T M3 HE% 8 : B=50mm--0.05mm/pixel = 1000 pixels.
Al 25525 RE N A A AR 22 B I 5K, 1636 3-2 P B | AVT 23 ] B AR L
HEESHINE 3-3 Pior.

K 3-2 Manta G-146 fH#L

# 3-3 Manta G-146 FHLIHERESH

F ZH
43 HE K (pixels) 1388(H) X 1038(V)
BE R (pm) 6.45X6.45
IR AR CCD
& %38 R ~F (mm) 8.8X6.6
&8 2% ST (inch) 2/3
ML IE K (fps) 30
1% Z IR (bits) 12
R~} (LXWXHmm) 86.4X 44X 29
Bk R C-mount

3.1.3%83k

Biskae —MOLE UG AR R, Pt e BB AL AR, BT E, Ak
I FCER SR FE B s b, WIS IS BE RS . B T P BIABAL S IS M G A, Bk AR &
o UG R B A . AR, B4R FE LR 5 H:
(1) JE2EEE S RS NS AT B 5 TG EGAL 2% R AH LR ;
(2) NIR B AR RS PITE MR, B3k AR B A e iR B B B S N S 4
(3) B2k 1 AR AN B sk RS9 R A N oK
(4) 2R S EGALIERER T B A B AL &, AT N Z B8 R )70 #e3, DU R 5
or I A 5

K 3-3 oK
ik 3-3 Fion, HAF NG SLER, FOV ALY, WDRNT/ERS.
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N T AR EIE BT, iR B S IR A Bk
FRIE IR TR pride F A CCDAR I 28 R <P 6.4mmx4.8mm, BiskIAEFR 572,
AR 3-1 iR
3 WD x(CvxCh)
~ FOV(VorH) (3-1)
A9 110mm>40mm, H TAERR B3k E Jy 300mm, AR Fik 2 =050 Al it
AT
KEEJTH: Fh=300%8.8/75mm=35.2mm
TR Fv=300%6.6/50mm=39.6mm
Fr A3 AEFE 40 :Fv=35.2mm; Fh=39.6mm, &M A F=35mm. MUk 7K 3-4 F H
A Computar2 7] 42 7# [IM3514-MP2 HU455 3k, HFHEBHINE 3-4 i,

K 3-4 M3514-MP2 453k

* 3-3 Manta G-146 fHNLIERESEL

e ZH
43 HE K (pixels) 1388(H) X 1038(V)
BE R (pm) 6.45X6.45
&R R CCD
& B35 R ~F (mm) 8.8X6.6
F& 1% 2% )] <} (inch) 2/3
M3 K (fps) 30
1§ ZALIR (bits) 12
R~} (LXWXHmm) 86.4X 44X 29
B3k 7 C-mount

3.2 AR RERN

N TR BEA BRI G By R R, 7 BT [ e A B LR E HEAT U, R e s %
BT NEENME. B HERNLE AL, DAL ek mEad, Dk
XTI IZ & BN o FIT LA & A P AT SR EE A R 22 B ML, RO CURER B S5 1 2 e A
W& R B IR BT, DRI BB B BRAS T o MR B i B, ]
CIARYE B 15 LR BEARM LG Sk B B o AL 22 2 = 4k et I 3-5 B

13
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W o[@ﬂo
O | ©
P B

hEd

K 3-5 Nl E

3. 3 MBTIR A E i R 3R

A DG BAR AR 5 R LR &, 6 R AT A . Ol AR IR A R 214K 5
Ja PLCEERIIES AT, M4/~ Big @& RIE Pk, #EmEe i E S
FOMBUASE. Qg siE, SR &R A B A5 B Sl i L84 PLC, PLCHER S
R R 1 I 2 B AR R 7 it R 2 B R o R i ER R B RS BRI AT
Eaibiwil Fone S =

R 2% BRI LA B 7 pR A RS AR AL SE I o 2435700 2% B 0A A5 AR A0 B I, AR IR IR
BME S, MPEPLCf A PO Mt T B GoRE . BT EGAEEA RN BEE S, PLEA
RESEILERIE . AFUERIIEL . A AT S 2R, WA FAREE, 28 bRy 3R dh R
M

AN ANERRRE
% ABBIFISCARANL# N, TSIRB 910 SCHR 7 MEE R F 55, ABBIFJSCARA %
Fr=atoa T & AE N, R e XN R AT IR, EERMANE . P TR
FUEERL . 1ZAL8s N R AR ECN 6kg, FEH Y AL BT, RIEMELF, A LEBEAH
KL [PEATE T R 3R R 2R . e A A8 I WA, AR T =gt RthAb, i RBE R E.
IRB 910 SCHL#% N FE4H S H i 3-5 Fin. HTAEZ WK 3-6 fix.
7 3-5 IRB 910SC Hl#s N TAEZ S5

e ZH e ZH
a = NG ] F 119mm
b Bl 3 RO IRTT G 200mm
c e 2 TH H 450mm
d BUBBAT R B 1) X J 150°
A 140° K 151.2°
B 1.5° M 180mm
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7:3% 3-5 IRB 910SC ML28 N\ T/Eas (a1 &%k

B ZH R ZH
C 150 N 5mm
D 1.2° P 2mm
E 126mm Q 40. 2mm

K 3-6 IRB910SC HlL#E A T.1F25 ]

3.5 PLC Hyi%H!

H A2 TE A 15 1 H A 38 240Kk PLC (Programmable Logic Controller) 1 A%
O FEH#S, PLCEETERAR S L7 1T 426 LR sh E M .

H T VO E .. ARG RAVO s AR, 185 75 2L A E XM 10%~
20%MIV/O KL, DAEALE 5 IE IS hn T e, AT 4E9.

G TSR E AN SR N AR AR . R R .
MR EAREEN, &M T TR R B A BGE BRSBTS Ol &
WE M TR AE, MRS T ER, & TR Em N R, FESMEE, 7k
0 DRI A9 5 PR 17 1O

STk s H R R ERH I CEEW, H T ZRERE, HRINZRGILTHE
WKBh A AL, FFEE S EE bk e e, DR ERAT TR B T A N 2R A SR AR B PLC
% L8 B RS B R DSBS M RE SR 2 N 2=, X HERAPET]S7-1200 &
% 1214C PLCAME —ME SRR & .
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ERALFIIFR « B PR IO TSR, BT IOPLC, VO, W% 3-6

Fhos:
#3-6 T PLC, VO /iR

H N\ ik e Sk Uik
10.0 ISy =Eo) Q0.0 &35 7 FLL
10.1 J 3] Q0.1 B SR B I T FAL
10.2 fF 1k Q0.2 1E5) <L
10.3 aF Q0.3 PRI WL T 1
10.4 Ji a5 RS AL A Q0.4 I WU TR 2
10.5 ) 2% B A A Q0.5 eIz WL E I 3
10.6 Bt 3w I E v oall Q0.6 Ja SAHAL
10.7 72 it B 5 A Q0.7 JE ML

11.0~11.5 A& RFERIA AT I C 1~6 Q1.0 BRMLIE 1
11.6 WU E 1T REFF AT WAL Q1.1 B ML 2
11.7 WU E AT REFF S & 17

3.6 RGHEHEFR

AL L LA R RGUE S TR, 120 R G EARELE 1 PLC 2448 FBpL. BRBhA .
WoR BT R P RS E R RS 2 AN 3T R

* 37 RETBEWFER
JF5 B e AT CSR I Eiths]
1 it AL 2 LGS iR 5 3M110-152A
2 UKz & 2 & R 45 KD3605SM
3 1EZ AT 6 o 452 TTQ50x20K
4 ot AL R A 10 o Jiti 5% GL10-N1212
5 A E RN 3 5 b AR
6 FRe R G iR A AL 2 = LA % CM3030
7 A Y F2 32 A ) 1 = Pi17F CPU-1214C
8 THEAL 1 5 Dell
9 Tl A A 1 = P17 SIMATIC IPC377G
10 IR IN 2 5 ABB #L# A IRB 910 SC
11 PLESRLSE CEAEML. k. LIRS 1 £ —

3.7 RE\E

RGBT, hEEPLCRE R I8 @ BEAT 24, e BB . PLC
EAERE T PROFINET 2 1 ] DLHEAT S R AN v 2[RI TR, [FJ B SEHRF 22 T AR I B 3CRT BAKE
A2 =J5 s AT, JFIEE S HAL SN, U R G DL At e e REAT I I
WAL RALNPLC, HLds A b A i s 2B AT i R, R 7 48 3L 38 m 5t

BTN, RGUBAEES A 3-7 s,
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I

&N SRR

I
| [ R

b -
- | ]
3
) : A
T

FEPLC PLCHafE R

K 3-7 RGuEEMSERK

Modbus/TCPAE A r i HEAS P, A RS0 K TCPAPHM SEIL T i+ HHL S FHL
MLgs N2 BRI B IEAE, 5ER T 3 b EdE A 5 TR
TEHLZS NFIPLC 2 [8] 38 ik Modbus/TCPHM S ATIEE - 37 TCP & i, HLas AEN

k% %%, PLC 1EN% .
EAAMLA =45 PLCZ )@ it Modbus/TCPHIIATIE S, SHTIPWE, HIH X EELLR
— W BTN, AV S ERE R IRS 28, PLC A&, M5t R4 5PLCHIE(E T

R 3-8 frw.

i FModbus/TCP MY
y
= PLCIZ LS5 BT
HABER L s 3
'y
PLCHE II#H
Plama E
ﬂﬂ% Y
" BEIRE BARSHL
THELIA LR e
'y
PLC A %Mk
HES
PLCKIXRBNME S

e - - N

K 3-8 AL PLC @5~ K
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3.8 RGHSITHIE
FRYE R B ) & ARIEHT, FUE, PLCRAMHLES NI T REGHFE
AURTRIE, FERIRI TR TR 2L I SRR S R B . W] 3-9 BT, EHLE

2 NN 380V =AHHLIR, AAE =4 220VER, —4b 24V E R HEIFEH TPLCEE a4 it
Hi, .

aF1 FIT1
L1 =
i —
I3 % =
w4 :

HEBEFx sm&-l ( [

s R A oA RS pom g QR4 ghoogh RS phodod Fe phohod
S{FSB1F~- -

{& 1L spoe---7 fF1ESBEE— i
Eaj ’_[1 L
2 s

Dmm 0] 0 rs( [ mCEag

MWE%ﬁrwmﬁA%ﬁ‘%‘Em%ﬁ‘

KNL N %= BM2 NN

=
=
fa

-EM1

. . e m e
220V OV 220 oV 220 OV N1 @ -nz @

= =
24 oy

E3-9 F[RIEEAL R

i 3-10 Frzs, WA BT 24V HYROEEE R 2R R HE K . F B 52 PLC DL IR E
R AR R HMIT FLTH,  $RALS50 (a3 e R o F EE L, REL P Y RDAS J0BR 1 v Y I )
fitH

QF1
Y
e
Vi
Fizl] )
51
L _CPU | S ElER ; st
E ﬁ]j?‘s?,1214c 3 HM I %@HHEEJE *H"HLEE,JE ﬁ;ﬁ%ﬁ
IEfSHREE

K 3-10 24V MK
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4B 3-11 Frzw, NPLC LA B H A AR ER (R $R 2k 1 S A1 B B 24V RS XTPLCHE R,
IF5E BN AR IS . T AN AT B o

M

Y et e e oy
= 4K H ol =
| Elgl5k|S %
e—f = & 'J 2 ";ﬂ ) \:};%
= ‘ = 8 |2 i |
= o - “-.: :E
DC24V GND 12 5 DC24V GND G 2 | =2
) GND | GND
GND | G\D l
L g L G e e L s T e e g £ 3G ETTR SR ATE SRS
| wendiS o 1 17-S71214C DC/DC/DC - o |
W9 L A 00 w1 0.2 0.3 0.4 w5 wE w7 &0 gl i SM71223 DC DC :
e S e ey 3] OB (OO Y SOSOOO | CSROUR, (SUURUOON| SN, OO | OO, S [ . s i s et s e S e A
E — L]
2 = = &
prey W W Em
RJ45 My 60 E P & =
& = o | = &
= g | #) e | g
2|5 =R B | & - =
=d R = o R Ealilll e | e
e = = =z =
[Ge52] ¥ [ ] | L.l
_01\' - . DU | W V— | W— I V— —

K 3-11 PLC #4 K

W& 3-12,3-13 Frox, PBEZ BINAS T 220V R (AR P2 2o HoAh 5 2 e, FOHL S A FR I
s oh] e B 1R

QF4
Ov i

rusll 0 Fooll I rFuroll O FUlLD W rFUI20 0

¥

WA kiR AT SiRENE RERTLHE 1 BIERVLE2 SIERHUME 3

3-12 A i H 2R K
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QF2
e
i A :
=
Fuall [0 Foall
Fuiz FU13 FU14 [ FU15 1 FU16 [
-53 -S54 -55 -6 -87
290y OV 220V OV 220V OV 920V OV 220V OV
MLEs A 1 HlaEA 2 PIREL MR MIEER
K 3-13 MLas N S ML H 2k I
3.9 NG

AT L G R G BB BEAT A AR, 20 S AL ARSI R TC BT G 1 SR B A A
GUARHLS DGR Bk BUR MIZEAT A o XL E R (10 A SR BEBEAT UM, e ALK %
7 IFRYE R G ThRELL S AL T 2R I BRI PLC A AR A FEAT 1B B . 3R 1AL
e NI 23545 T RS HOTE— DR 7 ARG IEE T e e R R #
P, o0 2 L ) R ) RC DA R R R T AT A
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FUE EELE

4.1 BRI

Hi 7% ] MV Tec Software GmbH & @] H- & 1) HALCON, #& H 8 Tk 5 B4t S3s {6 F 4%
NTZ MG A R A, RIS A L S 5 8 1 MG P D S vt vz B T LA AL
BEyy. Zedlais. BTG AEAs . HALCON 7ENLAS AL S0 A3 7 I R IR 2%, WF:

(1) ZFE3H

HALCON L #Z V4, f13% Windows. Linux Z#1E 2429, X3 HALCON i&
T &P Tl gzt AR % 2% LR ERVE R 48

(2) R KIFHETRELAE

HALCON E.A 38 K (R IESEELARE 17, Re g PR iR SR M % b (R AE, i 2%
Fa TEIRES, SEBUW AR R RS BN A. XRhEE /11843 HALCON HCh 7T 2 BT
FARRTI 5T A A BT 521800 i SR U P e

(3) K=

HALCON A8 5% BUG HEAT ks B B0 AL FR A0 A, A ik AR R . $4L THT
RIS, ok BRI, @0, W&, e r/FiRn, e A S —T a2 H T,
X AEAG TR B 24 BRI ASTI AT R AT 55 v B8 B2 (v A 1) 225 TR, M S B0 o R0 R v T e
A=

(4) FF R R b

HALCON NIFR#FFRALH P A I T R IAEE, St 1 80a AMA e T7 I H R 7 78
Horp T DUEAT POE . RIERIF R AR RN G DR A AT G AP . BRI R
R 40 5 55 AR, I seal | 2l R4t . HALCON Frf Tt C, C++,C#, VB
HEZFRIEIET, W LLEESHARE S METF AN,

(5) mAE

FEAF B B BRI BRI, HALCON RERS MR . & BAT m i G A 2 51
PR ZIAT IR, RERETERT [0 N 58 O 24 I UG AR BRAT 45 o 35 0 AR 45 5 T 2 A
WA, 78 P RERS R R A A R R AL R G

PRl AR SCR FH7E HALCON P 5 AR 45 LA AL i UG AL B ARLF AT FF R, W HR R B e
PR i AL A I 31 R Gt
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4. 2 I FIE IR A
P45 R S T R B 1] 4-1 P s

| smEs |
‘

FRIEANE

l

ffaxEROIX I,

4
FRAME (B{E7

gl, &)

:

OlEERER

/

AR

/

L RUTT

IHEEER

K41 EBIRBIRER

4.2.1 Elfig5m

I B AR EBCR AR ROPA T A R RE R DRI A DR 3R, 3 R AR LU REAS 1 =) S i
. LR, MK, SREEI Bk SR AR S 1) DAL F PR AN S (1 ), e 2845 211 1]
{8 )5 B R M Xt PR (BRI P S H, e e 484 5 14 77 3t m T AR SE N B ) ) AR {8 ) 8
WA IARER o A BB TAC BB 25 Br B BB RS BAT TP, SECa /B LA
FRfE. BUEPALI e T2 DR . —EAL . EMRIG R, L5 4E.

f£ Halcon FJF RIS 24 1 2 Rpfaie 20, E BRI 8-

(1) BT RMGACE M, HILRRERETER: SEs. HEMER . BEIER.
EIER . IR
(2) BTRACALBIFEME, EEFTTEAT: AR, KEETESE.

BT BRI B BB AT KA, WA 4-2 Pos . izl R 8 A Kl (mean_image)
BEATIEIE . 207 E A T s B R i X SO A5 A1), At i BB 2R 5
M. B R DO I E BRI RN R S5, BB U P (506 LU B 5 o),
— M5 S BN LG i R DA g P R
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(a) JEBALFER] (b) JEBALH 5
K42 JERAEERCR

4.2.2 ROI XigiAYiEER

BIEEROIF B2 T DL R /N 7 T S AL

Yo BLALBE () UG K E BIROIX IR N, J5 877 ZALE I v B R Bk i b 7, sl
HIEROIN IR Hix, ZBEROISMANE, XFEHr DimitHE, IREiEHEMR. Hf
HEH IROTA] LIAE A TEARBR 147 )5 S AR IE AL 8 R M 2% 1A

FA#ROIFIVE I 5, FEHALCONH A] DL it reduce domain 7 HAK K, sl —
& B Ao i@ idreduce domain R 83815 3% HU5 Hr 2 [X 38 A7 it /£ Region B (1 MK . 4] 4-3
JIT 7~ AROIX 425 3% HY o

K 4-3 ROI X% [&
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4.2. 3 EIRFHEIRE

BGARFIERE AR & P B BB 2 7 R E, — ORI AR, BlanK L . JAR
FORER. B ANSUEAE . BE A BT BE ST ORI A T R IR . 8T EERRY
fik, SEBURFAEULAC .

R R RGN g A AR IS LA B S ARGIEAT e e T R AR 17 G
B, BeE BN LR TR BN & 4-4 Frzs, RG0SR R B LT R R fe
38 LA K DU ] [5] SL 3 S RN SR R A VT i

K 4-4  AFNEILGFCEIHREL

4.2. A AR IR

TEASEAOH, B R TS 5 1B G AT K FE B A AL 732, X AR T LA
1 MG X IR I ARG CLERBE . SCRT DAAEINTTAS I B3 1K TG SR 4 4 25 Bk o

TSR IEAE TEFEPT: EIK (dilation) AE 1 (erosion) , LK ITiBH
(opening) FIPEH (closing) « KA T-REEY & XIRIIEAR ST, KAHAR I X
BOERRECCR, FREW AT X IR /N FLs T RS P 57 1T LA A8ty G A 1) /N TR X 3t
ATk, AR 3 22 B G R X B

EHAT S E R R, G0 2 e BUG AT R b 58, 255 AT I IR B, 23Rk
1FIE R G . FFIZ 0] UAEASUE EHGOR/NIE DLR, TH R ARG X S Bl 4 pi, P
WEE. Rz WiEH e et EEPATIEIK, A5 AT R, @it s, nrLseEixn e
A W AT 7 0d, AT SRR LN K 25 B, S e AR AL, P IE S A B A2 R AR AN
AR B RN P 4-5 B
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(a) AbFAET (b) Ab¥H )5
K45 TEEFAEAIRE

Tz, WisHEREFmE 4-6 s,

dilation_rectanglel (RegionFillUp, RegionDilation, 5, 5)

reduce domain (Img2@8238226144826, RegionDilation, ImageReduced)
opening (RegionDilation, RegionDilation, RegionOpening)

closing (RegionOpening, RegionOpening, RegionClosing)

K46 I, HisFIEETHE

4.2.5 PRER B E
fEHDevelopF K EEH, L2 FICEC VAW 4-1 i, HA R TREME. #
R AHRMEFEAF B T7E, EH T AR EBGEE . KRB EIX = FhULEC 772 1 B g i i
TR )i R FE A A () o AR IR 753K, Pl il Sud £ TR UL RS, 64T JF
KR
F 41 BARITHEC 792

2 HR EH S

SRR BN B I B (Y AL, W BB, S b
ST I T

B (% Fmes 5 1R 3 A
s TR SR TUA S, (R R
A

TR BRI, KR0S, GRS E, WD,
N %?T%ﬁﬁmmiﬁ KRS, EGER A, R

£

Z IR VYRE, A RER/NET , — %
oy SPICRORTGARICRCIG I, (R LR MR, — R0 T

AR (L) E AL A
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4.2. 6 BEAIREY

TEQNR I GE AR 5, FEHALCONH i Hinspect_shape_model 51>k I 0Bk,
BT L FE I EUE R B A, il S8 iE A 5B EE NS4

B3 AT X B A R R BE DL A AR S S, il 2B Tl LB E B %2 4
TN, REESH VAR BRI REMEZS%,

& TR RHUE — MO R R EUR S, EeRAZ A PR EIEE, BIH
e TIERIES . HTARZR EEE THERER, BIETHE RS2 RN K E
BT AT A3 2B BR . R, RS I — EH RS 70 3R (032 M AR
LI A R RRE, AT B2 15 A B MR A B2 #2217 TO05 DU o 948 22 380 I
Gy RERIIEAME . SRR A RRBERE, SRR 2] T — AN R k. BEE ZE0 S
hn, &8 RSFIZ i /N, HO B 1) 4 HE 2 g T P . anl&l 4-7 B, NENR &8s
JEHAR R IR

K47 KEE TR

4.2. 7 GRPERM

W LA BRI IS T AR B AR BR . X R YT A P T BRI A ST
AR X RE RIS

BEUE A E B EABT (1) blobsr Hr+RFAERTI (2D blobZr Hr+RFAERT M+ 2 73 (3) Ak
SN R AT (4) JEREESLARTE (4) RREIZROREE S 1 4908) (5) ME+HE %,

b A SR F blob 73 T +-RF A I+ 22 43 (1 7 ¥ AE43 AT it R by, @it B s XCnT DUR B &%
At R B o 7E B AE B 22 57, PR SR RE AR A T SRAEAS I, AT DURYE 4% 72 i 5 A G
PR TR RS S, PR E AR T 20 T RRAE A I vk e SR T BUE R A R
BEAS T BRIV, 4ad A (R],  BR R TR AR . T E A T AR LATE AR
JF A TS RGO . PR a2 B B A A B, /b
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PGS LR . AR R AN R B SR TR AE o AR R AL, B e I R0 A
R 22 4t vh 5 230 1 2 PR RFAIE -

LEZ: BRI DL AL KT 7 ) B A

2. AR AEEHER P SR AR R R

3L E s RRAEA O H AR

4RI QR E R AMER AR BE . DR TARNMBR] A B 5%

TR BUE S I B B R AR R BEATULAS, DL RZSREE . B 4-8 B, Jvilid BoE A
KESHTCH, ORISR S G i, TR LA SR I XIS SR VRGN, 45
RERREROK: HEM RS Reud D, 85 R ERAAERK T Rnot OK.  A1oKiR
o9l VG T ST Ar] S B AP ALE AR 4 HH J9NG

()& (a) &%
Kl 4-8  HRFEIR T

4.3 RFIE _EZM

AR w2 Ee A AR (], )8 b 2 A I 38 SR A AR & S A i R R, AT
DA %2 23270 & b 5 R 1 R AR E AT 245 . SN ] 4-9 o, ik #ia00 & b b i R
R JUARTRRAE AR 1R 320 AN T 1 S ok R n) s A i) & b3

A an A 1) 5 B R AR 5 1 FRANFE T 3 5, TR a7 & o 25 AR B UL O AN, de 2% BoR
459 N None, AH#E/R0K, Wi 4-10 (b) 5 (o) .

Kl 4-9 BT & b SRR R B AR L
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(a) A7 & L AR VLA IR

(b) &% (c) VUHD I M/ Z 5k
K 4-10 5 s o B

4. 4 3357 SR A
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GOMRAEHEBUPIROTI LA SRFE 55, BUEERBAR , FREEITE ot si B i id vector_angle Al
affine trans 5713471/ 5 A4 . vector anglee WiV 1) 45 5 A8 AR P5 o %5 B Ok RIFEATTHEL,
A LA [R) IR 32 AT e e AT RS 2 R AR i, IR LA D 5% U2 A FE HomMat2 D i el
affine_trans ] DURHE R 2D EEAT AR BEHe . ~FAS R R IR S I Fr A — X L
HARREFF Q1 5-19 i,

(4) f§iFfind_shape modelX 6 4 FIBAR FEAT B FRIUCHL, Grayimage 4% 2= 1 &
&, ShapeModelID i, 82 (4 FZ Vi Jyrad (0) Flrad (360) , fH/NLE > HN 0.5,
SHE G b FRVFE B R ED A 1, “least_squares’ JNA# FiR/N IREHHATIHHERS
WiXE. &T7EEECN3, R 0.8 (REGH B WY o P 5-20 s,

w0 T

find_shape_model (GrayImagel, ShapeModelID, rad(@), rad(36@), .5, 1, 8.5, 'least_squares', 3, €.8, Row, Column, Angle, Score)
“CEER EERAR

clear_shape_model (ShapeModelID)

*LERA

if (|Score|==1)

dev_set color ('yellow')

AR+ =

gen_cross_contour_xld (Cross, Row, Column, 208, Angle)

disp cross (WindowHandle, Row, Column, 208, @)
dev_display (GrayImagel)

Kl 5-20 HEARILAC

(5) waB R B EGHAT 28, et 2R E R, Hbrgs R, A fEH
Z TR G R E AR RS . AR P 5-21 Fios. FERAbHsE ER R 25 SR i
Kl 4-10 Frso

dyn_thresheld (GrayImagel, GrayImagel, RegionDynThresh, 5, 'dark')
* AR, BREETERE.
connection (RegionDynThresh, ConnectedRegions)
* REmINEE . HEERERERE
select_shape (ConnectedRegions, ErrorRegions, 'area', 'and', 5088, 99939)
=R TN Rk
boundary (ErrorRegions, RegionBorder, 'inner')
* WHEEL AR #
count_obj (ErrorRegions, MumErrors)
unionl (ErreorRegicns, RegionUnion)
difference (RegicnAffineTrans, RegionUnion, RegionDifference)
area_center (RegicnUnion, Areal, Row2, Column2)
dev_set color ('pink')
dev_display (ErrorRegions)
* IIRAEREEA Te, MHAFIRBER
* RELENER, BNEEA T EREEER
if (NumErrors > @ )
dev_set color ('red")
disp message (WindowHandle, 'not OK', "image’, 3@, 38, "red’, "true’)
else
dev_set color ('green')
disp message (WindowHandle, "OK', "image’, 3@, 38, 'green’, 'true’)
endif
else
dev_display (Img20238226142424)
disp message (WindowHandle, ‘none’, ‘window', 3@, 38, ‘black’, "true’)
endif

K 5-21  BUG A 2E RAs
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5.2. 2 R FIFZIR AN FEF
(D) [FREE et AT WIaE e e B e B 2k v UL AT FEURAS, sl 3t T K RG] 20
REFR . T 5-22 Fross

deu update_oft ()
ﬁﬁ%l%ﬁ@fﬁﬁﬂﬁﬁjﬁﬁﬁ

dev_clear window ()

dev_open_window (@, 8, 512, 512, 'black’', WindowHandle)

read image (Img2@238226144826, 'H:/Users/Desktop/itFIEALFIE. jpe")
get_image size (Img28238226144826, Width, Height)

rgbl _to_gray (Img28238226144826, GrayImagel)

mean_image (GrayImagel, ImageMean, 11, 11)

dev set_draw ('margin')

dev_set_line_width (3)

K522 & HWIAELL

(2) H )26 G B TROI & 1| DA K EAG 43 ), SrBR o prie BEe BR . R an
K 5-23 Fise

[* Eifiror

|draw_rectanglel (WindowHandle, Rowl2, Columnl2, Row22, Column22)
|gen_rectanglel (Rectangle, Rowl2, Columnl2, Row22, Column22)
|set_system ('border_shape_models', 'false')

|threshold (ImageMean, Regions, 185, 255)

[fill up (Regions, RegionFilllp)

[*J&

|erosion _rectanglel (RegionFillUp, RegionErosion, 5, 5)

[“HRER. HlEEE

|reduce_domain (GrayImagel, Rectangle, ImageReduced)

[*EEMER

|gen_contour_region_xld (RegionErosicn, Contours2, 'border')

|select shape x1d (Contours2, SelectedXLD, 'area', 'and', 15888, 99993)
[

|segment_contours_xld (SelectedXLD, ContoursSplit, 'lines', 5, 4, 2)
EEREN N

|select shape x1d (ContoursSplit, SelectedXLDl, 'phi', 'and', -0.81, @)
["ETEE

|dev_display (ImageReduced)

[*RBHE

|smooth_contours_xld (Contours2, SmoothedContours, 9)

K] 5-23  i&E ROI K {5 43

(3) HHAWFIAEAE, BRI R X BN 115 205 1 TR SR,
A AT A EUE R 7 BRI R 2% EUE B O T A MR, IR
BRI . B 5-24 .

*FMset_system ("init_new image’, 'false’)R—SENTHHRTMEL, B HETINLETT— 5 HRER

gen_region_contour_xld (SmoothedContours, Region, 'filled')
gen_image const (NewImage, 'byte', Width, Height)

R EESiEENEHRER

gen_image proto (NewImage, ImageClearedl, 255)
*HEi= w2 EE

paint_region (Region, ImageClearedl, ImageResult, @, 'fill')

write_image (ImageResult, 'jpeg’', @, 'D:/1111.jpg’)

gen _image proto (NewImage, ImageCleared2, 255)

*E=EE PR

overpaint_region(ImageCleared2, Region, 8, 'fill')

K 5-24 aE S HRERFE
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(4) FATEMR BN, &FIEREECN 4, AE 0~360° , itk 1° , BRIALAR
W B 7V ERIN, UCHC 5 fHH “ignore local polarity” ZWSIRYE, JRHE%TEL B A thfg
HRIBIAL, BAO LLE A /MR BN 10, BARFRF a0l 5-25 Fis.

BT

create_shape model (ImageCleared2, 4, rad(@), rad(36@}), rad(l), ['none’,'no_pregeneration'], 'ignore_local polarity', [3@,3@,@], 1@, ModelID)
CREEENCE

get_shape_model_contours (ModelContours, ModelID, 1)
REIN A ERT R

area_center (Region, Area, Row, Column)

vector_angle_to_rigid (@, @, @, Row, Column, @, HomMat2D)
affine_trans_contour_xld (ModelContours, ContoursAffineTrans, HomMat2D)
*RTARENLER

dev_display (GrayImagel)

dev_set_color ('green’)

dev_set_draw ('margin’)

dev_display (ContoursAffineTrans)

stop ()

find_shape_model (GrayImagel, ModelID, rad(®}, rad(368), ©.5, 1, 8.5, 'least_squares', @, ©.9, Row5, Column5, Angle, Score)

I R TR E

dev_display (GrayImagel)

for I := @ to |Score| - 1 by 1
hom_mat2d_identity (HomMat2D)
hom_mat2d_rotate (HomMat2D, Angle[I], @, &, HomMat2D)
hom_mat2d_translate (HomMat2D, Row[I], Column[I], HomMat2D)
affine_trans_contour_xld (ModelContours, TransContours, HomMat2D)
dev_set_color ('green')
dev_display (TransContours)

stop ()
endfor

R AR
create_metrology_model (MetrologyHandle)

K] 525  BEpR AN

(5) fEHIE B 3 TR TN EFRREES S, #THAES R E. &
BERREIFHVCEAEEREE A, K4 € SH0RE R HITHIER .. EllE R R
PR E DME T 5 B A . Ry W& 5-26 Fios.

[RBERNERERNEREY

create_metrology model (MetrologyHandle)

|Rowl := 1328.86

|Columnl := 1747.42

|Lengthl := 3461.14/2

|Length2 := 175.887/2

B IR

lorientation_region (Region, Phil)

Phi := phil

|Interplation:="nearst_neighbor'

|set_metrology_model image size (MetrologyHandle, Width, Height)

* EMBERLE, SESH DTEERR

|add_metrology object rectangle? measure (MetrologyHandle, Rowl, Columnl,Phi, Lengthl, Length2, 3@, 5, 1.5, 78, 'measure_interpolation’, 'nearest_neighbor’, Index)
\get_metrology_object model contour (Contour, MetrologyHandle, @, 1.5)
|get_metrology object measures (Contours, MetrologyHandle, 'all’, 'positive’, Rowd, Columnd)
|dev_set_color('cyan')

|dev_display (Contour)

[* WITHERFETSER

|apply_metrology model (ImageReduced, MetrologyHandle)

|get_metrology_object result (MetrologyHandle, 8, 'all’, 'result type', 'all param', Parameter)
|get_metrology object_result_contour (Contourl, MetrologyHandle, @, 'all’, 1.5)
|dev_set line width (3)

idev_set color (red')

|dev_display (Contourl)

|stop()

|clear_metrology model (MetrologyHandle)

[* SENEFREFMRERL

|set_metrology model param (MetrologyHandle, 'reference system’, [RowS, Columns,@])

K 5-26 @lENEERR

49



DR P N B BOR RS 2023 Ja ARHAE SV T

(6) wEIFMERRSEAG, B8 ERIATRNIRA], IR %A
FEEASANIR, T8, M. AR K B AR R 5-27 s

* Rl A-RER

read image (Imagel, 'H:/Users/Desktop/1i#|% /MG 20230226 142304.9pg")

rgbl to gray (Imagel, GrayImage)

threshold (GrayImage, Regionsl, 8@, 173)

area_center (Regionsl, Areal, Row3, Column3)

find shape model (GrayImage, ModelID, rad(@), rad(3s0), 8.5, 1, 8.5, 'least squares', 8, 2.9, Row2, Column2, Anglel, Scorel)
SRR

align metrology model (MetrologyHandle, Row3, Column3, Angle)

HERRAENRE, ABANEEE

agl-f_énetrology_object_rectang]e?_measure (MetrologyHandle, Row3, Column3, rad(l), 2987.59/2, 148.159/2, 28, 5, 1, 8@, [], [], Indexi)
i

apply metrology model (Imagel, MetrologyHandle)

get_metrology object_result contour (Contour3, MetrologyHandle, @, 'all', 1.5)

*ETEMATIREE

get metrology object model contour (Contour, MetrologyHandle, 'all’, 1.5)

“REERPIZEE

get metrology object measures (Contoursl, MetrologyHandle, 1, 'positive’, Row3, Column3)
“REER A AR

get metrology object result (MetrologyHandle, 'all’, 'all’, 'result type', 'all param', Parameterl)
get metrology object result (MetrologyHandle, 'all’, 'all', 'result type', 'all param', Parameter2)
get metrology object param (MetrologyHandle, 'all', 'length2', GenParamValue)
messagel:='length="+GenParamValue[1]

*BER7eENRpi M ZHNERENRE R
if ({GenParamValue[1l]»>=78)and( GenParamValue[1]<=88))
* dark (EELRAEDTE FInagerean-5
dyn_thresheld (GrayImagel, GrayImagel, RegionDynThresh, 5, 'dark')
* 0. BRBEIERE.
cennection (RegiocnDynThresh, CennectedRegions)
* BERENIE, HIIEREREED
select shape (ConnectedRegions, ErrorRegions, 'area', 'and', 588, 99999)
“HHE ) R
boundary (ErrorRegions, RegionBorder, 'inner')
* HRELERES -8
count_obj (ErrorRegions, NumErrors)
unionl (ErrorRegions, RegionUnion)
dev_set color ('pink’)
dev_display (ErrorRegions)
* MPEFENESATe. MHBTFTIH R ER
if (NumErrors > @ )
dev_set color ('red')
disp message (WindowHandle, 'EERE: '+messagel+’ \n '+'NOT OK', 'window', 38, 38, 'red’, 'true')
else
dev_set color ('green')
disp message (WindowHandle, il "+messagel+’ \n '+'0K', ‘window', 38, 38, ‘red’, 'true’)
endif
else
dev_display (Imagel)
disp message (WindowHandle, "BEfE: "+messagel+' \n '+'NG', 'window', 38, 3@, ‘red’, '"true')
endif

K 527 AR K H prka
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5.2. 3 MFIFREALNIZRF

(1) Wl 5-28 fras, RIS 4L R, FIralsR S A G I A2 A L e
Fro REFPREHIGLIE, KBS, 2F. QIEMESERENR.

|dev_close window ()
|dev_update_off ()
|read_image (Img20238226144826, 'H:Users/Desktop/IfFI%{UE/IMG 20230216 210415.9pg")
|get_image size (Img28230226144026, Width, Height)
|dev _open_window_fit_image (Img20230226144026, @, @, -1, -1, WindowHandle)
|dev_set_line width (2 )
|dev_set draw ('margin’)
;et dlsplay font (WindowHandle, 16, 'mono’, 'true', 'false’)

EmETERAAE
dev _display (Img2@238226144826)
rgbl_to_gray (Img20238226144826, GrayImagel)
jmean_image (GrayImagel, Imagetean, 11)

* EEABMEEELE, B EEEE: UH‘ EmiEE ol Ewn T RE
!draw_r‘ectanglel (WindowHandle, Rowl2, Columnl2, Row22, Column22)
en_rectanglel (Rectangle, Rowl2, Columnl2, Row22, Column22)
DfCTEROIFIAEL
;set_system ("border_shape_models', 'false')
educe_domain (ImageMean, Rectangle, ImageReduced)
F—TEE REEERERGLESS
rea_center (Rectangle, Area, Row, Column)
REHE
|dev_set_color ('cyan')
AR
raw_line (WindowHandle, Rowll, Columnll, Row2l, Column2l)
AT
|draw_line (WindowHandle, Rowl3, Columnl3, Row23, Column23)
et_image size (ImageReduced, Width, Height)
[ AR AR
|create_shape_model (ImageReduced, 'auto', rad(@), rad(368), 'auto’, 'auto’, 'ignore_local pelarity’, 'auto', 'auto', ModelID)
ind shape model (ImageReduced, ModelID, rad(@), rad(36@), 8.5, 1, 8.5, 'least_squares', @, 8.8, Row, Column, Angle, Score)
[“FOBER
|RowRef :=Row
|ColumnRef:=Column
[*RENELR
|create_metrology model (MetrologyHandle)
|add_metrology object_line measure (MetrologyHandle, [Rowll,Rowl3], [Columnll,Columni3], [Row2l,Row23], [Column2l,Column23], 28, 5, 1, 38, [], [], Index)
|get_metrology_object_measures (Contours, MetrologyHandle, 'all', 'all', Row3, Column3)
.set __metrology_model param (MetrologyHandle, 'reference system', [RowRef,ColumnRef,®])
“REE R
!r‘ead_mage (Image, 'H:/Users/Desktop/iffIF{UZ/Ma_20230216_210415.9pg")
rghl_to_gray (Image, GrayImagel)
|area_center (Rectangle, Areal, Rowd, Column3)
|find_shape_model (GrayImagel, ModelID, Angle, Angle, 8.5, 1, @.5, 'least squares', 8, @.9, Row7, Column7, Angle2, Scorel)
ector_angle_to rigid (Row7, Column?7, Angle2, Row7, Column?, Angle2, HomMatiD)
ffine_trans_contour_xld (Contours, ContoursAffineTrans, HomMat2D)
[“RiEEIEE S, FENERIRE
|align_metrology_model (MetrologyHandle, @, @, Angle2)
pply metrology model (GrayImagel, MetrologyHandle)
et_metrology object_measures (Contours3, MetrologyHandle, 'all’, ‘all', Row5, ColumnS)
et_metrology object result contour (Contour, MetrologyHandle, 'all’, 'all’, 1.5)
et_metrology object_result (MetrologyHandle, 'all’, 'all’, 'result_type', 'all param', Parameter)
|intersection_lines ( Rowll, Columnll, Row2l, Column2l,\
Rowl3, Columnl3, Row23, Column23,\
Rowd, Columnd, IsOverlapping)

|gen_cross_contour_xld (Cross3, Rowd, Columnd, 6, Angle2)
[
“FEERA
tuple_length (Rowll, Length)
tuple_length (Rowl3, Length2)
if (Length==1 and Length2==1)
angle_11 (Rowll, Columnll, Row2l, Column2l, Rowl3, Columnl3, Row23, Column23, Angle2)
else

disp_message (WindowHandle, 'EEHEEER, 'window', 12, 188, 'black', "true')
endif
stop ()
if((Angle2>=-1.5)and(Angle2<=1.5})
disp message (WindowHandle, 'ﬁ?ﬁﬁ)‘]%%:#deg(ﬁ.ngleﬂ, ‘window', 48, 12, "black®, "true’)
else

disp message (WindowHandle, "NG', "window', 12, 188, ‘black’', "true’)
endif

Kl 5-28 AT SR B E UG A HLRE 7
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(2) RAVGEEER B VAL VU 4.5 BT T VEAIvhe, sl 2547 B 75 TR
W5 ROGHTR) 2% B AT A7 B AR BEEAT I8 , AR5 R 2% SEBRAFAIE RUBUDN, R P RIS
B ATV A 8 DA B S R AR 77 R P 25 R A ) L, R FH DU R R R R s g v .
RFEF U 5-29 Fios o

RIS ELRE R RENEER . FENE DR, Ek—NE R EHR
gen_measure_rectangle2 (2773, 4258, rad(9@), 3@@, 480, Width, Height, 'bilinear', MeasureHandle)
REREEA 7T 8F 7ol TS

Tolerance := 7@

* ENER
read_image (Image, 'H:/Users/Desktop/ifH|F (5 /ING 20230216 218415.7pg")
“EXHEA
Columnedges := []
*5E W F L HR

FilllevelHeight := []
* BRLE. REREATERS—MIHEPLILE. ARERESRENUIMES
“JHEY
find_shape_model (Image, ModelID1, rad(®), rad(368), 8.5, 1, 8.5, 'least squares', 8, @.8, Row, Column, Angle, Score)
* HHREMBREES, TRFRTEHE, RERILEHTHE
MeanRow := mean(Row)
meanColumn:=mean(Column)
* BEAHEARELE: LERLEFREHETAFTHENEE,
* REsFUPEEEELE
RefLevel := MeanRow
RefLevell :=meanColumn
“EEEECMSERS L
gen_cross_contour_x1d (Crossl, ReflLevel, Column[@], 18@, Angle)
dev_set line width (1)
dev_set_color ('blue’)
* LEABEENE, ERmFAEAER
gen_rectangle? (Acceptlevel, mean{Row), ReflLevell, @, Tolerance, 158 + (max(Row) - min(Row)) / 2}
dev_display (Acceptlevel)
dev_set_line width (3)
Errors := @
for Idx := @ to |Score| - 1 by 1
* Piimeasuretandle I AN E vt &, E 0 EE 2 RE MMM EvAO LA [idc]

translate_measure (MeasureHandle, Row[Idx], meanColumn)

K 5-29 AR ERCIR AR P
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(3) FJaxt EGEAT AL, SoREBSECHIRR S G . FEF W 5-30 Frn.

METER
AmplitudeThreshold :=
RoiMidthien2 := 127.5
set system ('int_zooming', "true')
* e [e] KM
LineRowStart Measure 81 @ := 2268.13
LineColumnStart Measure @1 @ := 4234.3
LineRowEnd_Measure_@1 @ := 2263.13
LineColumnEnd_Measure 81 8 := 4618.11
“RUGERNER R
TmpCtrl Row := @.5%(LineRowStart Measure @1 @+LineRowEnd Measure 81 @)
TmpCtrl Column := @.5%(LineColumnStart Measure @1 @+LineColumnEnd Measure @l @)
TmpCtrl Dr := LineRowStart Measure @1 @-LineRowEnd Measure @1 @
TmpCtrl Dc := LineColumnEnd Measure 81 @-LineColumnStart Measure 81 @
TmpCtrl Phi := atan2{TmpCtrl Dr, TmpCtrl Dc)
TmpCtrl Lenl := @.5%sgrt{TmpCtrl Dr*TmpCtrl Dr + TmpCtrl Dc*TmpCtrl Dc)
TmpCtrl Len2 := RoiWidthlen2
*BEENZe1
gen_measure_rectangle? (TmpCtrl Row, TmpCtrl Column, TmpCtrl Phi, TmpCtrl Lenl, TmpCtrl Len2, 7548, 4246, 'nearest neighbor’, MsrHandle Measure @1 @)
NS B E R AR Hm e
FuzzyThreshold := 8.6
create_funct_1d_pairs ([173.189,175.689,180.689,183.189], [e,1,1,8], TmpCtrl FunctionPosition}
set_fuzzy measure (MsrHandle Measure @1 8, 'position’, TmpCtrl FunctionPosition)
copy_obj (Img2023082261440826, Image, 1, 1)
fuzzy_measure_pos (Image, MsrHandle Measure @1 @, 1.3, AmplitudeThreshold, 8.6, 'positive’, Row Measure 81 @, Column Measure @1 @, Amplitude Measure @1 @, Score Measur
* TENGEER: BREMENR CHISO FENLE FEFELR00TRNG
* Flfipin R NERBONEEEARSHIEEES R HTEBYRENFDERE (LAEDEER ) BIELER, AN
AT HAEE
FilllevelHeight := [FilllevelHeight,Row Measure 81 @]
RERTHL TR EEER
ColumnEdges := [ColumnEdges,Column_Measure_Bl @]
* RAEAFIERAERTFRE
gen_cross_contour_xld (Cross, Row Measure @1 @, Column Measure @1 @, 108, 8)
= InRgh o BRERIER, D5
gen_rectangle? (FillLevel, Row Measure @1 @, Column_Measure 61 6, 8, 158, 15@)
* MIRNRELBEATEEE, BLAWATHET AR, HELNES- ?Eiﬁl'tﬁll,’%;ﬂrﬁﬁffﬁ’]ﬂﬁ% SRENEEER BRI
if (abs(ColumnEdges[Idx] - ReflLevell) »= Tolerance)
* SRIER, REMBSEASKHR - BREMENERELE, #2NAEN241TMgen_neasure_rectanglez—3 - RENTRTEEN: BEEEH T/ BE
gen _rectangle2 (ChamberSingle, Row[Idx], meanCelumn, @, 35, 98)
* AAERERRNER KT LR ERFERY
gen_cross_contour_xld (Cross, FilllevelHeight[Idx], ColumnEdges[Idx], 15, @)
* fREt R R Er
gen rectangle2 (Filllevel, FilllevelHeight[Idx], ColumnEdges[Idx], @, 28, 28)
dev_set_color ('red')
dev_display (Chambersingle)
* BTNGHIRE
disp message (WindowHandle, 'NOT OK', ‘image', FilllevelHeight[Idx] - 58, ColumnEdges[Idx] - 18, 'red’, 'false')
else
* BROKBIER
disp message (WindowHandle, '0K', 'image', FilllLevelHeight[Idx] - 5@, ColumnEdges[Idx] - 18, 'green’, 'false')
disp message (WindowHandle, 'FAHERIER: +deg(Angle2)+' \n '+'0K', 'window', 48, 12, 'black', 'true')
dev_set_color ('green’)
endif
dev_display (Filllevel)
dev_display (Cross)
endfor

Kl 5-30 AR SR oA I 43 AR 7

5. 3HARAEFA

VS2022 A A AN AL T-CAr) G AR TR, AR 75 B0 A A Al i) T R4k
Ftifl. Visual Studio2022 2K A FHF KT Windows MR ARIAEE, SCREZ G & it
T4 FE, W C++. Python. CH#ZE, 3 HHALCONSCHEES YmFEHR/EfT 8, Visual Studio
1 I TG B A 55 R FH HALCON G AL 3 P 58 B B G O B2 R S I 5 R CHARAS, ] s o
fE THRAE
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WA SCAS F Visual Studio2022 1R BRI KSR, (S CHEARIFIES . BIARSC
N SE B s U ) T RE, 38 TR AR 1 %% R 8 AL A (R D Rg . O T RE 8 X PLC gk
ITV5IA, R T ST @b, EHE, RFEECHTI A FERIMST @ s R . R4
AR 5-31 B
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FTHARN
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K 5-31 AN E 5w

BHaSEGERX . RERRIX, ARG X, K, BEERXATLIE
AN T AR AL 16 G A R R UG 7= b AS S B DX R DA S M 7= ot ol &7 B VT C R
FEEE R RGIEHIX M55 m] DL R g0k BURAREE . AHHLITOC. AR E, tr] LT3
Bk E T, H HA R E R S o] DU A B 5 — T iR ThRE, RS
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FE A G0 B e alaR b de AL BR B 45 SR N ] 5-33 B
PUR KNG & shiz R4t

E= il T&
FTTFARAL
FEAE
WERE
|

AR i SR
| e

K 5-33  isf7mon A

5.4 Hl28 NIzt

Y ENAE AL ERE RS, PLSs AT B b E TR e i 8 . i i, @
INELLRUFALAS N5 TSN A 5 1 B0E 2 18] B A 0 a i vl P AR St 1 o TCP/TP WALt T
2 WO T SRS A BB AL S AR, mT DLSE IR s RO B s AR S A A 2 . A e
FiRobot Studio®k f:, SEILABB TMALES N B RERAIE . HLas NI HIFE T 390 S 5¢
B, LA A S 3h 0 A AT . RAPIDIE & /£ ABB TAVHL2S A B A 4 fiE = o
FESERRERAE T, 0 TSR R BES AT e, SR )5 18IS S Robot Studiolit & 2k SEILHL

NSER R . REESAIRobot Studio ZwFE 5 W 5-34 Fiar.
m EX BiE (R EHE0 RPD  Addins

x - 3 0 Wb il 5 IRB910SC_3 45_01 ~-| e | @ Ew

&> P e | @ b @& & E B o . is%ia-
IS T o o | PTTE

DesnaAsE N TR oo : FRE Percp - BETR oo

B THEd it e

fﬁéé — Auto Motors On C 3
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Abstract: In this study, based on the computer vision technology, we developed a recognition
system for nuts positioning to complete the automatic bolt assembly part of the automatic
production line, The actual image of the nut was captured by an industrial camera, which
would be processed by the following edge detection and Hough circle transformation. After
that, the coordinates of the nuts were obtained in the pixel scale. Finally, the real position of
nuts would be fed back to the robot arm, according to which the automatic assembly of the bolt
would be completed. This computer vision based recognition system is an indispensable part
for the efficiency and accuracy improvement of automatic production line.

L. Introduction

Assembly is one of the important parts of machinery manufacturing, which occupies a considerable
proportion in the whole manufacturing process [1-3]. The assembly process is usually divided into
component assembly, component assembly, assembly stages, and so on. The threaded connection is a
disassembled connection, which has the advantages of easy disassembly, good reliability and
reusability, ctc. Bolted connection is almost inevitable in all stages of assembly [4-6]. At present, in
the traditional assembly line, the bolting and adjustment are stull done manually. However, there are
some problems such as high error rate, high labor intensity and low efficiency during manual work.
With the continued requirements of high efficiency and low cost labor for the production line, the
shortcomings of manual tightening operations become inereasingly apparent,

In recent years, with the increasing demand for automation in industrial production, machine vision
inspection technology has been used in a large number of industrial, medical, telemetry detection and
intelligent transportation fields. Among them, online mspection and positioning of products is one of
the most widespread applications of machine vision inspection technology. The use of machine vision-
based positioning methods could significantly improve production efficiency and positioning accuracy,
making the automation and mitelligence of the production line greatly improved. For example, Z.A.
Jaffery and his coworkers [7] proposed a method of emulating the visual ability of human operator for
the automation of the process based on a machine vision approach, which has high reliability and
robustness with less computational complexity. A.H.A., Mohammed and M.A. Alshamen [8]
developed a novel automated engagement intelligent spanner which was capable of autonomously
changing its jaws’ size according to the diameters of the bolt’s/nut’s heads. Q. Geng et al [9] presented
an automated visual inspection system based on space-scale normalization to mspect the status of
fastening bolts on the sides of China Raillway High-speed, which performs excellently in monitoring
the missing fastening bolts.

Content from this work may be seed under the erms of the Creative Commons Atiribation 3.0 leence. Any forther distribution
= of this work must maintain sirbution o the suthor(s) and the e of the work, joumal citation and DOL
Puhblished under licence by 1OP Publishing Lid l
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In this study, we developed a recognition system for nuts positioning to complete the automatic
bolt assembly part of the automatic production line based on the computer vision technology. The
actual image of the nut was obtained by a high speed industrial camera, which would be processed by
the following edge detection and Hough cirele transformation. After that, the coordinates of the nuts
were obtained in the pixel scale. Finally, the real position of nuts would be fed back to the robot arm,
according to which the automatic assembly of the bolt would be completed. This recognition system
could effectively improve the accuracy and efficiency of automatic assembly of bolts and nuts.

2. Experimental Setup

Image ol nuts

RGB image to gray scale image

Parameters of the nuts

Output the result for automatic assembly

Figure 1. The wentification process of nuts for automatic assembly.

Fig. 1 shows the identification process of nuts for assembly. First, an industrial high-speed camera was
used to capture the actual image of the nuts. Then, the RGB model images were converted into the
grayscale images for subsequent processing, In order to highlight the features of the image and reduce
the negative impact of redundant pixel points on the detected edges, the image filtering and smoothing
was further carried out by using Gaussian filtering and morphological gradients. Finally, the contour
of the nuts was separated out by Hough wansformation [10]. The parameters of the nuts circle
coordinates and diameters were obtained with the relatonship between the number of pixel points and
the actual size. Based on the detection results, the location information of nuts was identified,
according to which the robot arm would automatically complete the assembly procedure of bolts and
nuts,
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3. Results and discussion

Figure 2. The image of two nuts with different size.

Fig. 2 shows the image of two nuts with different size taken by a high-speed camera on the actual
production line. This kind of image was very common on the assembly line, which could be used as a
typical example for analysis. It 15 found that two nuts with different size lying in the production line.
The purposc of the inspection was to determine the data including the location of the center and
diameter of the nuts from the image for automatic assembly.

(b)

Figure 3. The contour of nuts afier image processing.

Fig.

shows the processing results of nuts by the machine vision recognition algonthm. According
o Fig.

, the RGB format image was first converted mio a grayscale image. Then, the image was
smoothed by Gaussian filtering 1o reduce the effect of noise on image recogmition. Afier that, the edge
detection was performed on the above processing image by the Canny edge detection. It 1s found that

-
3
3
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the hexagonal edges of the outer circle of the nuts and the circular edges of the inner circle were
accurately detected in Fig 3(a). Fig. 3(b) presents the fusion of edge detection and original image.

Figure 4. The detection result of nuts after Hough circle detection.

Al
.n\u_'uuhlly o ]"|_|e!. 4. 1t 15 observed that all the nuls were Lli,'l.'U!'."l{:l:v' detected. In order to detect two
centers of the circle, the centers were marked by red cross, as revealed in Fig. 4. Al the same time, the
center coordinates of these circles were (843.028, 1231.625) and (3725.336, 1265.075), respectively.
In order to achieve high accuracy, the pixel coordinates kept three decimal places for the circle centers.
.n\u_'urdmy to the tested diameters of nuts, the length value l.'nl'r;,:.-.EHrmilllg to the coordinate value
would be obtuined, which was used for the calculation of the real ]1(1.-s|[i|11|, Based on the detection
results, the location information of nuts was identified, according to which the robot arm would
automatically complete the assembly procedure of bolts and nuts, Therefore, it is demonstrated that the
designed recognition system based on computer vision could effectively improve the accuracy and
cl'['n.'n:m;:.- of automatic :ls.-.l;mhly of bolts and nuts,

er edge detection, the Hough circle detection was carried out on the image, as exhibited in Fig.4,

4. Conclusion

In summary, this study designed a recognition system based on computer vision for aulomatic
assembly to complete the precise positioning of nuts, The high-speed camera could be perfectly
.'u!.'l['rli:d to the real .'!5.‘ii:!'|]h|:\-' line and clearly capture the image of each nut. Then, the ilI1F'ﬁlL'l of noise
was reduced and the image features were highlighted through image morphology processing and
smoothing. After that, the extraction of edges was completed by edge detection. Finally, the
parameters of nuts were accurately obtained by the Hough circle transformation. With the assistance
of the automatic inspection system, the production efficiency and accuracy could be significantly
improved,
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