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ABSTRACT

RESEARCH ON THE ONLINE INSPECTION SYSTEM OF
QUALITY OF PRECISION PLASTIC INJECTION
MOLDING PRODUCTS

ABSTRACT

Precision injection molding products are widely used in various
industries, which play an increasingly important role in domestic industry.
Small module plastic gears are typical representative of precision injection
molding products, which design, manufacturing, testing get more and more
attention. Small module plastic gears are generally large-scale automated
production. Production technology and conditions are limited, so there are a
variety of product defects, such as dissatisfaction, joint flash, burrs, etc..
These defective products can’t be allowed to flow into the market. Now the
main applied inspection and recognition of defects is under human eyes. Due
to gear itself complex shapes, high recognition accuracy, the human eye
recognition have a higher requirements of recognition ability and endurance ,
so gear manual inspection is time-consuming , low efficiency.

A non-contact measurement system based on HALCON software is

developed. According to the small module plastic gear structure and the
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specific testing requirements, select the appropriate illumination, industrial
cameras, lenses, frame grabbers and other visual system hardware, by setting
the appropriate resolution. exposure rate. image format and taking so many
image acquisition by the high-speed industrial camera , the image's contrast
significantly and features clearly, which fully reflects the small modulus
plastic gear inner hole, tooth profile and other characteristics. Using
HALCON software in the PC for image de-noising. smoothing. segmentation-
feature profile optimization. extraction. computing operations. and precise
calibration of the camera system, measure the inner hole size, number of
teeth, tooth pitch again and again, So far the hardware and software had
allowed we reached up to 10 micron level precision measurement.
Experimental results were compared and analyzed, based on the existing
experimental conditions, we modified our experiment parameters to reach
more and more accurate result, simulated environment of the practical scene to

guide the actual production and improve productivity.

KEYWORDS: Small modulus plastic gear, machine vision, image processing,

HALCON
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Fig.2-4 Interaction between light and objects in various ways
(1) Specular Reflection; (2) Diffuse Reflectance;(3) Direct Transmission;(4) Diffuse Transmission;(5)
Back Reflection;(6) Absorption
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Fig.2-5 bright field
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Fig.2-6 dark field
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Fig.2-7 Low Angle Illumination
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Fig.2-9 Direct light to the light before
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Table2-2 Detailed parameter of the lens
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Fig.2-10 Serial transfer sensor
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Fig.2-11 full frame sensor
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(1) #H#%: & CCD X EMAEIR, CE T B rBENEWRE, 2HEEq,
BEMFT RIS R, HE CCD BB T AR, B—MUENKIERE,
BREWHERHED, BELERE, BGE[N, RWEEDLES

# 2-3 HEEM CCD 4 HE MR Tk :

% 23 ks CCD LM
Table2-3 SCCD criterion

X L B (B %)

1 23 1/1.8 112 12.7 13 1/4
12.8*9.6 | 8.8%6.6 7.18%*5.32 | 64%*4.8 52.7*3.96 | 4.8*3.6 3.6*2.7
659*494 | 782*582 | 1034*779 | 1392*1040 1628*1236

VGA SVGA XGA SXGA UXGA

QR £ CCD XHETLMBUBRIERE, BE R CCD IEH BEH AT EN
Btk . RBENBAZHTH (LUXD, BEB/, RyFFEARLED, ®E
Bl R

G)EMRLL: EREIRNEGFESHERLEPESERFTNBEIE, BHRAA
46 73 I, WA 50 73 M, WEBHLBGSE, HEGFRERE: MRAEER 60 20,
AT HIES,

(HIEEMECE S EEEHTHMERBERESREY, MERAERS, L
HMERELL TENGEBL, EdRERRNLERIEFEREKEERINZ.
R R 2 R B AT T ORI B A BN, AL 2 i BB A 6
BT, FRGPROXEREEEBOR, F 20 R E.

224 TilBENEORR

RENREDWEDREFE S LIEMEIIEN L, BTEXREALR, &
WAEE— AR, M 1394 320

£ 24 TIRENEORRY

Table2-4 camera-computer interface
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Cameralink Usb2.0 13%4a 1394b Gige Ethernet
JHRE base:1.5g 480m 400m 800m 1000g 100m
medium:3.8¢g
full:5.1g
¥R 10m 5m 4.5m 4.5m 100m 100m
% 1. e 1.5 H LW, ki, 28 | GH, 0| ZH, 0
2 TFHEES | 2400H81K | BL ‘i€, £ |
i 3ELAHNL | 24 B HAHL & Hn b B
3 T b H 3. b DCAM M | oW & | g, A2
TIaEHI KR 4.cpu i H1E w, 4| RIE
& Hrg e
FrHE gige
vision 1
W
7= Yr i E b e By | KR EE M 2 cpu & | TG #5 HE B
K AHanE " W
Cpu & H EHR | AR
= BIKRE [ Cpu &
H o 1F
ZBRG

#E AVT 1 STINGRAY R¥#FH#1& Stingray F201C SH WX 2-5:

2 2-5 Stingray F201C B FIRBR I RETR bR
Table2-5 Stingray F201C performance

STINGRAY F-201B/C

%1% % 1/1.8"(Diag 9mm)i%X 1733 SONY CCD ICX 274

Epdn g 1628(H)* 1236(V)

B EZR 4.4 pmx4.4 pm

R EIRRE 8bit/14bit(16 bit 1 {ri 1k LB

gkEO C#EO/CS #O

HFHNO IEEE1394B:1IDC V1.3 S800 daisy chain

Tk 100,200,400,800Mbit/s

ES A OA 14fps( N7 HFE)

Ui 15 F5:0-24 dB; [15)34 7 (1 1% AOT)

I B[R] 47us..67s; BRI (A]iE AOY)

1% Tk 52 W 4 FE TR AR R 91 S AL M 1 e L R T 1 i
Hiff(bayer ZE¥) RSB K EL A, AR F %,
-f F#%;2 X 8 X binning i FAF ML BAE AOT FE1E
13k %

NE TR 32M N BT HER B A i R SR 2 WTEMRCR

&

SR BHR 2 Ml R B SIS R YRR aT i A L P i
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B MR AT

fb TR DC8V - 36V i@ i IEEE 1394 # O 8{#4 12 4 Vo #
(u]

ke T 3 ¥ (@12 v DC)

St 73mm X 44mm X 29mm (L X W X H), AN 35 = B 48 fn
Bk

[0§=s /T 100g(A 58 3k)

IR +5°C ... +45°C

fEAFIRE -10°C ... +60°C

Vi g 83 CE, FCC Class B; RoHS (2002/95/EC)

WS WIBEHE A5 3, J6 7 BB R 55,1394 B2 BURRR AR v 1 %%
R TR
TR : AVTF irePackage/Direct
FirePackage/Fire4Linux/AVT Active FlrePackage

2.3 BE/PML

WIS B B R, ST R/ MESA AR AL B E R
WEREOR, TERT YL G RCEMER, Hie T LXRETIHAESENTR
I, KR EEME 2-12.
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Fig.2-12 experimental facilities



F=% BRAREAEENR

F=E FAGLEEXFEHR

Bl —FUHE T 3R B 2 B G AL MBI HUX — it A2 P B R B & AN E A R4
TR X LB P A EE BN B, R T RUBXBYIRE, )t
BaRREXRERN; ATESANMEHERNBERIB - BEE, WESMK
DRI R R B EHUR R R PR KR b T KBS A R EREG, kX
ERANEE, ™Y, EAEREPREEABENERTHOKRRE, ISUEHE
IFRBAEREGLE, AEHTR - LREEZNHBUEEE, ZHEEMNE
SR Lo

3.1 Efg: BuELHA, X

HEHRERNHARVSBREEER, HASVVLSIENASE RBINEARIREH .
3.1.1 BGEUIESEH

P, BBREEAMBILEH, CHAETENMBAGS, —MRETH
ERREENREE R, %R 4RE LR T e 2 BT 2R 20,
RITRBHIRR, (LBRBH LR BARR, BABEIEIERRIEG MRS 5TRNH
—NEERER, XELERART —MLEEXKEHEER. XT RGB EEHBE,
—fHA R. G, B. = Mlil, = MREER. Big L, —BEETUR—ATESH
WIEER.

—IEKGEHILE, TUEEEER— N T4HE, Hiik, BF o, o LA
FEE AT AR AR 5B g=f, FH—ANnE. AE, —NERERFITIA—ER
Hf:R>RY, ZRHN R REENHE.

T EREMIS, KEETHLHERTR, BEne, BEREREMEETH
HEEBERL, R KEESHEE B KERGERN, i, 8 AE
%, FrEMRMKEEERSN G, =10,..,255) SLFEAbE, G,={0,..,2°-1}.

3.1.2 Xis

PLES ML BOAE S B IHA BB A R IE M K8, B AT — N B 5 F1 4t
B, AHBENZLOEFE NI, ETURTSEREETFERE—IMEETE,
sk, MFRAFLE, (R KEGEMEILRIMRREER, FTURMERERE X
HEBCPR—MERTH: RcZ?,
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JEs b TS ie

B RIET XA RERM. Frifsdsis, EHAMsESRRMR, BRXE
R HIRE: R AR XA 7, TR SRR R B, KRR ENE
A e, [R5 R LR A AT 2 b B — AR AR A7

e - FMITIREMR IR R TTE, W 3-1 & 3-1, EREEIKEREE
JiTl, ATFRAE(LL A S IR FE TR DX, X R RATT AR SRk AT R 0 By
R LA RIK IS, BRI R SRS B X T RER LB S AR &
ZATAER B AR AR E, TR IR AT LA TR N A8 (H

A 3-1 — NIRRT R4 il
Fig.3-1 an example of run-length representation

F 31 A KEM TR R
Table3-1 an example of run-length representation

Run Row Start End
column column

1 1 1 4

2 2 2 2

3 2 4 5

4 3 2 5

FIFRATAZGRAD ®] LA Bt D A7 25 18], B2 R, BERAPITH
tial, 3EH, ERTBHEHBTURASNERSHE mAENIRE, KBZEE LbhR
ZAFRNZ AL, 3X— S IRAVES BT 56 BRI B8 T A 0 S S e B

3.2 EfRigAE

FERIGN, FEEEREE &R, BEINREEAHREL L, KE
W, AR RS SEREIMA. A R B GO

R R BB I 2 RN TC, T —NR RKEEAERY — IR PR
REKSE, ORI ol LU AR LU, (B SR AT LR I I 7 B Ak S

KEEMEABRES f(2)=g,. 1, R f(g) RFHMIT KM RMES, THH
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BT EHQU IR LI

HEBEERG,, Ba_ERERN, HRETRMERE, KEEHELEE TSR
F (LUT®D) kiftf7, ES - MaAERSEEMANR, (R7F2]LUT $. Wi 32
R KEENRE.

d e f g
B 3-2 LR HIOG)f
@FRMEEIR: (b) MERME: (o) MM (d) FHEXELM; (e) MMM (O KAMY
—(LAbEE: (g) BHERIKREM T — ik
Fig.3-2 the example of Linear Transformations
(a)original drawing; (b) Decrease Brightness; (c) increase Brightness; (d) Decrease Contrast; (e)
increase contrast; (f) gray value normalization; (g) robust gray value normalization

3.3 BRTER

IR R SR R MR 75, 7 B b T e 0 7 OV {2 25 ol B L 3k AL K B
ERBEHLZ, e il RABEPLTETT =L rme s, XL f T DUE R OT-I Ak
FEK A

FEFEFMEIARE, BB PSR, XRRB K g, #—H
Win, FTHERBKEEE, =g, +n,.:c RIOVEA 0 H—DEHF—NMRER
VEfER 0 BT E A o MIBNZR.
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Jb A TR 2008 L

3.3.1 FHEFEE

AP ERHE, MESMGIREB AN BENUE TS, BsER, ALlBasE
BRERREES, RETHREENAH:,, , — N EMSRNTERRER R LR
B1g, HxtxeEEHIT Y, HTS\MERERFREHITRE, B ANETFS
BINEFIE, HHTBRNT:

8e=rS.. G-

Estop g, ARREIERIGEGE (o) BRI B AT PR 5
KRB — R B, BT T B e — ARt B R, (£ —RIE
(G YT B G T LB SR R R AT o TR B AR 0 LR £ W
(A TR AN, ZER SR P BB B R OB I A KT

3.3.2 =EFEE

B EIRBENLEAE R, ATRURIL: WOREEREHIS AR B, W8CF 2R AT LA
T, KR, 20Tl B T LUE R B 2n+ D)x 2m +1) 9 —
ANEO (MFRAERN) LT HEHE:

1 n m

) DAPIR A (32
re (2n+1)x(2m+1) F=—n ja—m 8. e~ j

XERIEIER S, SIETEL, RATILKSHENE, 85T ERFR
FIFREI/[2n+D)x Cm+1)] . BII0R A 5xS MIBERB, B MbratE 5 TR R
KRN Z—, BRSEREE CEA NG, T RAEGIHEERN, RHNME
TN G B BUE AW R R, Bl S AngemnEg.

BT ERBHEBORESER, BO—BEEFR-HERER, BNIHLHEYE
W

(1) &40, TRHBEBMLE, =L FENSER;

(2) FEFEXERRE, XFEHR AR T 1 B 1 I R o 8 38 Ja 7 A B 8 R R — I

() FE—ASH RESTHNEE, (HE8RR~NFEEEBRR, BBRPEL
(¥ J 3B B K ARV B o

Xk e 2P, XA RBBEA T FEA G ERMMEEE.

g

L g (3-3)

ga(x)= \/E;e
xTECF 3-3 B 3-8 CBRIER /M ERHA R BGTROKED, S 3ME I8 IR 3R E 1B
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BT EHQLE A LB

AL, S AR BEAEIERRMR S, SRETR S ) TR P YR U6 48 B {8 P 9050 145 6 R 400 49,
S S 0 B S0, P BB AL R B, (B R B T &

Kl 3-3 R
Fig.3-3 original

B 34 ®WHTH (sigma=5) H 3-5 Wil FiE (sigma=3) B 3-6 @ FH (sigma=11)
Fig.3-4 gauss (sigma=5) Fig.3-5 gauss (sigma=3) Fig.3-6 gauss (sigma=11)

 3-7 ¥MEFE (MaskWidth=MaskHeight=5)
Fig.3-7 mean (MaskWidth=MaskHeight=5)
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JEE T 2 i X

B 3-7 ¥{E°FHR (MaskWidth=MaskHeight=15)
Fig.3-7 mean (MaskWidth=MaskHeight=15)

B 3-7 H{H°FE (Radius=5)  F 3-8 1] (Radius=15)
Fig.3-7 mediam (Radius =5) Fig.3-8 mediam (Radius =15)

3.4 B®5E

AR AT TIRMAEEE T LUR, ER b H RS BT, b TRIE R
B{5 8, DHEATE& S E], BRI EHE sh MBI (ROD, FIFXmARER:
R E =B AR oA R e A i 4 R

341 RESE

B A 7 (2 PR 9 s A 43
S={(r,0)eR| g < fr . S &} (3-4)

Bk, BE 7S E R RIO AEEMRT R — KR A 25 a2 5 XK S
o REHSHDEMT R AR E AR KREE, Gl EERE?E.
Bk 3-9 Fi 3-10.
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b 3-9 CRE ic EFRFIMEIR
Fig.3-9 two images of ICs on a printed circuit board

| DK LJAPAN OK LJAPAN
- M518222-30 NS 1822230
. 6285352 6285352

B 3-10 B 3-9 BEABIGIL5 3 (90-255)
Fig.3-10 fig.3-9 after threshold (90-255)

R & RER MR R R A E T W 3-11 i 3-12:

Bl 3-11 REMIER
Fig.3-11 image acquired




s T L

Bl 3-12 Bk i B 75
Fig.3-12 Histogram of the whole image

BT ER X, 532y A H 7 E e 3-13 # 3-14:

B 3-13 #AYsER KR
Fig.3-13 image after cut

B 3-14 EEIFHOELHE
Fig.3-14 Histogram of the main part

e 3-15, FRATIE L BE 5 HI78 B 014 e A i B R
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BT BRI EAALTG

B 3-15 MESFIBR
Fig.3-15 main part after threshold

Fi 7 4 (L ZE 0 4 00 2 BE (LR 3Y BCB K AN A I ROR IR IF . (B R IX P s oL 1R
>, TR ERBE A A A E B4 IRV S5O 0 2 Ao ] s L e B R I o KB AR TN
—ANRZ K BENRMER KEE, mE 3-16 F 3-20

008 -
o
000
008
™
0w ‘
m i
e |
S e o 0 %0
E3-16 —AIC LOFHMER () _ B 3-17 K 3-16 aqmam
Fig.3-16 image of ICs on a printed circuit board Fig.3-17 the Histogram of Fig 3-16
0w ;‘ :
ol 5
ot I L
i j
ooy |
R 41
-4 0‘; J k ﬂ-J
. -~ - o L' [ 150 2y %0
B 3-18 5—A IC LEPEMER (b) B 3-19 I 3-18 RIMIY i J7
Fig.3-18 image of ICs on a printed circuit board Fig.3-19 the Histogram of Fig 3-18

BON . 4
CXD1175AM
| B4BE10E

B 3-20 [13hMfE bR 45 R
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AEFALT RS A | ig

Fig.3-20 result of bin_threshold

AN R A [ 2 AN 15 2 BEAR TS 37OR H AR ACRE (AR 22 1R KB PR GX b
1QFE I BEAE L B LA RER IR A XA ), 5 7% I B sl AR K0 S5 0 (1) H Bt iF Ao vk i
TBIE S4B, KO ARESRE] AT RO &R B, AU ESIA)ABE
R RS, Wk 3-21 f13-22

RN o

PERRARRARERARRRRNERRIIN RS EME

-
-
-
-
-
-
-
-
-
~
-

-
-
-
-
-

- -

SRR AR AR IRRR RIS

T T PEERR

A 3-21 54 1IC EOFEMEE (o 3-22 Fd 3-21 RIS £ TT P
Fig.3-21 image of ICs on a printed circuit board Fig.3-22 the Histogram of Fig 3-21

AILEE), HENEAEE— A RORAE, FEEY 0B/ ME. FEkRD
RIS, B, P IR TR T M M AR 2 P ORI B O (1
WEER, ARIAMER R BRI, # BG5S BR AT SO8AT LS M B RR
AAMEN B, H £ RRHARE. Hg RRTRIEOEEG, xRN
AMIE A BB

S={(r,c)eR| /.- 8 .28 (3-5)
17 ek B 400 42 4 25 A 1 4 o) 2 -
S={(r,0)€eR|/, . ~8.584 (3-6)

EENABE A BIMERR, -H 8B B IR T UUE T RER S Bl R R I Rt
IR EEB RIS KN, AR PO TR G A S, 2K,
ST e 98 0 98 JRE S STUK TR A TERE o (L0 5 0 i 28 R RESE

VHR B H Ak, Bl BE 53 %0 2 P8 R4 PR AROR P (R 0 Ja) B0 o SR AT R L,
R R B R ER B . AR RS, 2B 2 B4k AR vT AR A R A
—Yk BRI, b, RYBIEDRIGRES, NSCHE AR .

3.5 HRENEE X

TERTTIEAT TG AFILUG, BRI HATEEMNRELEETS, L K
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B0 BRGEEAFIENIR

TREBE AKX, BRALIVTEHESEEHBANXBANAESHIEEERE (4
*)o

AT HEE X, BT 205 SfaT i B AME 2 AT U0 A 15 e i -

1) BMEEARRMLSE, R, —MEEES ML, TH, AW
AT, A 4iEE. W 3-23:

Q) FFAE—FY R, KAk g £ o EBMIRLER, FRA 8 &,
e 3-24:

Bl 3-23 [Hifid Bl 3-24 \i&il
Fig.3-23 4-neighborhood Fig.3-24 eight-neighborhood

| T [T

a b c
Bl 3-25 (a) —&&MRMNPOH; (b) Zhieds, WRAR, WRURF-AEHEXE; ()
F—ANRE, HRBAE AN EEXE
Fig.3-25 (a) oneline, two regions; (b) one line, one region; (c) there is a hole in foreground, but
there is no hole in background

TR RRERR K IR B HIEE X, UM AL R e R. &
MREERE - REEMTE, REERTEETRITHTRRERITELEMAE
T, AWTPRITREGTBRKEREEEEKEN. NT 4358, HLEMITESD
BRBDH—MEEM TR 5. % T 8 EIl, PATFL AR /D0 ffehl, WEE 3-25
TR, ER—EE L, N 4EBH 8 E@AT L= ERFMLER.

B R ABT WA 3-26:
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s TR 6 L Z4ie X

! 2 |
‘o U e

| | | A _
- o PR '
; : T
5 A
| -
i

.(s) (b) - (c)
B 3-26 (a) {7FliEfaRn XK, KEHEET 7400 (o) M 8 EMXTI (a) X
WARATER IR AR AR AR, B BCF AR (o) T iR 10 034 300 X s 1
Fig.3-26 (a) aregion with 7 route; (b) searched with eight-neighborhood rule; (c) result

3.6 THRWELRE

BRI, AXFHNRBRETREREN, EXSHHERT, XHHER
BHIN. BREALGEFENHREESTRERE. Hit, FEEH—MIEERE
BERBARMT L BR, EERMEN TS RTE M (KRG RERMER).
A, RorRGROBELHELLBERLERE, REXRTERTHNMXENLR, X
BRI — MR KEEA T B g, . AT RBENAR, HERBAEBXR
B — SR E. i, BN 2 X Fr

& =b(ag,, +(1-a)g,,)+(1-b)(ag,, +(1-a)g,) (3-7)

—HRAVRB T RN EROELRE, MRS ETERENTILERMLS R
LMEREREREE g(r,0)=g,, TEARRE f(r,0) HZHEH. B 327 B TLENE
PRSI S BR £ (r,c) TE—A N 4 MEIER Z R OB 2% 2 /.

3 G 0 B
Pate, PR RYUN ——

T

iy N
PO, AN
ND

100
J\lri

<
W0, A5 X0~
NS
OSSN

t.‘l,rl[(
. ‘:; .

B 3-27 StE R L MR EE DL AE 2R, NMRRAPOERERNA AL,
AR &KL g, =100 BY RIS IR, MR ARTER ).

Fig.3-27 the bilinearly interpolated image in a 2*2 block of the four closest pixel centers,the curve is
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P=AE EQAH AL

under the gragh

3.7 &%

1 HiEB AR ERE N ERENREERN %, HRERPEFHAIRENTF
P mIpeERmER, SRS, SR BURRKIEM AR BRI
iR XRBCETAFMRE, BOFRAFHOE L h—Fh s ) 45 Ky 32809,

BT M O &7 S AR L T AR R B fE: JFIR, STIR, ZIR, AR,
T8, HHE.

AAKER A1 S MIFRREE MRS

RuS={p|peRvpeS} (3-83)
BRI R M1 S WERAENF R M BALF S FF RNES:

RnS={p|peRApeS} (39
FH: R\S={p|peRApeS}=RNS (3-10)
M R={p|peR} (3-11)
T8: R={p|lp-teRy={qlg=p+t|peR} G-12)
Ml R={-p|peR} (3-13)
M FRREAERE (K R,45H85T S):

BEPS 9173
R®S={r+s|reR,seS}=JR

- (3-14)
=|Js, ={t|RN(S), D
reR

0. M
[ A AL
P mmlilm
LT CE T
B 3-28 (] KM nik a8l f
Fig.3-28 Minkowski addition

ARG IERER, BEFMRL, R ARNREEREMLELEX
WA —ABIA, TRENENTRATENEFEREERNOSHTT, RIERA
(73
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LT 5 LR

R®S={|RnS,=D}= R,

5§

R -1 31 ™
L aln
S

P 3-29 ZRg M)
Fig.3-29 dilation

T AR B AR R X v R A
ROS=(\R ={r|VseS:r-seR}=1{t|(5), c R}

L2

| i ! !
.E -—-—+—-—-—q | e L - -— -4

ErEN

¥ HER 5
bt b
HENE
B 3-30 [ W] KA B mRIE AP

Fig.3-30 Minkowski subtraction

8 ] K B v o 8 84 65 MO TR b I
ROS=(R,={|S,c R}

e85

—r et d L + + 4::._. t- _T 1. ,___1, S -

B 3-31 g ehan i1
Fig.3-31 erosion

5| —M 7ok i B Rz B B vk i 4 R R B4R 5, i 3-32~3-37:
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P 3-32 U AP 1% #l 3-33 i)
Fig.3-32 image Fig.3-33 threshold
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P 3-34 BRHULEE X B 3-35 WK (LMl riTe=5)
Fig.3-34 connection Fig.3-35 dilation (diameter=5)

R hiahh h hh
4140 idiid
333 337

] J

Pl 3-36 $RIGETK I Bl 3-37 HECALEE
Fig.3-36 connection Fig.3-37 intersection
3.8 JhSHREL

15 -HER 2L S i SOL R R IR — UL, AKX 6K IR I A A%
AR, BT ERT AL, RSB — D —4E k5 f(x) o BT 9%
B Emil, 2 x) MBSy o 280AEH KN, KR A4 R 8 1Ak.
| (X)) 0. {HRX—sh AR LUE X—AME— UGB R, B 5AKREE S A7 5 KRE
AL R T . A T R — B &AL R, BAMAGSM K, BB G
Km AR | S (x) | RS BRH, TR AR KBRS 4] f(x) | st KR, 3L
M8 £ () =0. BT AR f(x) FHB SRS NN, AT HER TR 5,
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FE AL T RS0 V230083

K ) fM(x) <00 FrEl—Fr SEAEXER AN MR B FEO F LA E.

R R R BMB%, —HERER LK) =(r0),c), LZEA—4
SH R (0t A, “HEGA%E X h: F—MaG e SRR PRE
FA, X R SRR EE T O TR LR RS KH, En] Ll ERIEE
R, EERMOHERE:

Vf =Vf(r,e)=(—"—

I RS KR
Bl — 4 bR % e X @it EE LA T R B EARE T M ERBEK.

@UC)WUd)(ff) (3-18)

3.8.1 —4EiB %R

FCER R BN B AR, SEH R B I T DA

£= 5 = ) (19
i 2 i+l i-1
Hohr SHOy:
-f;,: %(ﬁn =2fi+f) (3-20)
3.8.2 ZHEnERIRER
EAH T MN%RN, RIEEREREIPTRHE RS-
Iy =%(f;'+l,j—fl—l,j) (3221
f;;j,j =%(.f1:,j+l_fi,j—l) (3-22)

(BRI R T 1 A2 DURIF ISR BOER . SIS TTIF IR AT %), S
PR AR ATRERI /D, Bl 3x3 . JEEE A0 REHATIR G, BTl 3x3 &k
HA R TRARR:

1 0 -1 1 a 1
a 0 -a 0 0 0 (323
1 0 -1 -1 —-a -1

(1) Ha=10, Prewitt Iy aCY, CREH T SHH W EM—NEIERE.

Q) Ha=V20t, Frei ik %",

(3) Ya=20f, Sobel JEHRCY, WIEKBARHTIHMI | LT —MEM
FREROLE.

FEUL E=MEBHE T, Sobel WHARRHMSERERETN . HFXBITHEHE
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FoF HGEEAREAA

K, FRKMEUFEREL, HLEE2E, ANHEEEETRESE, XK
BT ERF—MEENL%, BB S 85 ML % X B B 5.

3.9 BEHE
3.9.1 E&RE

—RELKMRTTER (BEER):
ar+fc+y=0 (3-24)

RESESHUNRE, BEH(a,B,7) RFKE, LHHET o’ +p =1 REE
B, ATA—RIRE(r,¢)s i=(,..,n) RUE—FHLE, MIXLEQIF HLHEENT
FRFITR/AMUALER, BXE3 (o, B,7) ZHHAER, MA—NMARE S’ + 7 =1
TP B F e T

g =) (ar+Pec,+y) - Ma’+p ~n (3-25)
il

3.9.2 EME

RIAE TR, BRI

&' =Y (fn-a) +(c- B -y (3-26)

i=l

X326 %, (a,0) READL, pREANES. SHANATR, KR—AELEHHR
LI, B sxu

3.9.3 HEME

MR TR

ar’ + Prc+yct +dr+¢éc+n=0 (327)

HEHZERM, FRSHEBEFXRE, MHEAEEXH—MHERT. $HEREX
B —4ay <0, EX B’ —day =-1, BITLE T RBE/DMAREER Z B BITLEHE
B %1% 1 Fitzgibbon 12 #,

3.10 XE/g
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AERGMANET RELENEFE, EXEERREM ETTEGERE, &
BaE, FERN, B&%E, QERENANESLETE, B/ MIBERERET
B M IERI LB R 5T
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FOE RREAGHFERERLH

B A48T HALCON 844, 7EIXAMRAFRIAERE LScl T W R MR E .

HALCON ZABRYLEM I S AL, 1 20 BEM L RPFR LK, HALCON
KUEBIAAAILRERT 9.0 A, eRET -NEROWELEE, BFTHAK
HER S 9 PR AL TR Jr i, i T AA R R AL R B R RC B, 12
{7 HLAS VLB R R R o 7 B 0 0 T L, o ST AR TR i 0 STV R B KT
F A6 M EL A R S5 B A 0 T I8 H ) T B AE, e A8 T G AR B G TT R B R84
BN R, SMA T M RS B SRR . AR ERE &4 P A IS I & A
RIEVEH, LUT % HALCON R34 R FH A U213,
KT, B, BN, BkBREH. WP, SIS SR EREE. B, K
B S KEBI. BBk, 2k, BTFBaRRE. ik, gEk,
7. EaRlE. B, MR, Bk, HARS

o e 2o D ERREENG L T TEEETTTTTTEET AT - -
]

Div 17 Fyose. Dowlintios Drabwn  fersie . orvhmih oaber Sle
FEOLADD XBOID =] il e BHIE S D@ ?

Z 49N B FBwe -

L

= Teade r.... e = =3 = s 'n.
IR 1 (el o lhighiahish

P 4-1 halcon k{4
Fig.4-1 halcon

bisE RIHERILAS S SHTE. BIEH—H, SRS REHER, B
2, BARWEATMGE, RIMBENASETIRE, Ui, JFREFHELL
ZHPEWPMBREE R, MM ERBINMEBABE, HILRNBRIRAEELOHF
MpR AR, BUE PR EIE R

THEMA—THEMBEAR, ENRFERIER.
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4.1 ZHRIRER
411 ARMLRRENTR

AR P RAE WA (x,,y,.2,) BEATUEBMRE—NRE, ThickE
AREIAER, ThewRpAEFLIRR. FrolS p B4R A:

(4-1.4-2)

AR,

TEzwg™ T

pw=

&
Il
= ':cn <4
[N

Camera coordinate system

(x5 27
c World coordinate syster
; X woW Wy
x%y"2")

Measurement plane

4-2 FIAAFIBBER RN AR

Fig.4-2 Coordinates of a point in two different coordinate systems

Bl 42 BT — R p ERREHIRR LIRS PR R AR

Canwera coordinate system

f/
’ Z.! \\
] [ \
o}/
p=;2: 1y 7 \
R [ X
8
R "
t=;0]
5y




AP YR G AR S 5B

B 43 BT
Fig.4-3 Translating a point.

Kl 4-3 BT i pi & x SERFRT 4 MR, fEm&E ERRR:
X, +X

p,=ptt=1y,+,
z,+1,

(4-3)

TERKI ARG e TR
TV PRI I 4-4, B4R of FHEIT 545K 2, 2R
4K B o

o, =t (4-4)

Coordinate system | 1=

Coordinate system 2
(X5 R ese 3 (X5 sl

44 BERKFE (B
Fig.4-4 Translating a coordinate system (and point)

R0 s 85 R B, BT P o AR 1 R E B PR RIOFRS, Ry L7
e B R B AT LS AN R A AR 2R 2[R i o

' =9 +17 =gy +o (4-5)

4.1.2 SFNLERFMAERE

W 4-50, K p G 2 BERE T 90 B CHUEA R, ZMBEN K, Hi
He— T AR e bA—AN3x3 950, 4% 2 B e S M T LAROR tn
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3
3

[ [
| |
b/ 1 1 2
gy P+
R 4 |0l
| e ] 'S 74 il %
| P A el P
1 Hadl I

p* R, 90 B

el
- . f"l//
a) first rotation // h) second rotation

B 4-5 BEd el (a) JKZE z 4 (b) FRE% y il

Fig.4-5 Rotate a point: (a) first around z-axis; (b) then around y-axis

e AR R 7~ A -

cosy -siny 0) (x Cosy - x, —siny-y,

. é _ (4-6)
Py=R.(y)-p=|siny cosy O|ely, |=|siny-x,+cosy-y,
0 0 1 z, z,
%% x HhAGe y Sl HE R R
cos 0 sin
g p (4-7)

RB=| 0 1 0
-sinf 0 cosf

1 0 0

R(a)=|0 cosa -sina (4-8)
0 sina cosa ’

TR R T L ER It DL .

Coordmnate system | R, 1907) Coordinate system 3 R, (—=907) Coordinate sysigm 4
(xf yelzeh (x5 ¥z (xdyiz)
V od
I 0 g =
9 Q, ]4—1 —] 20, =0
0y '- 0
P q=|0 T qg=1i0
Y 1 7
- - Al
/ s
. pd -
Q / Q
F.d
i a) first rotation ,.'/ b} second rotation
y, .

40



VYT PR ARG b R R

Bl 4-6 Aebp A4l SUBER::  (a) kB z 4N (b) PigEy

Fig.4-6 Rotate coordinate system with point: (a) first around z-axis; (b) then around y-axis
K a S5 T cl Mbr RGEAT y SlBER: 7 90 2, 193 3 MbrZ, B b BRT 34
FRARGE z WER T 907 CRRARA FIEME EGD, Fu B R —F, RHT
W A o A A i SO %
R=[x v z3] (4-9)

{E P
cos(90°) 0 sin(90%)

Il
L= =]

01
—sin(90°) 0 cos(90°) -1 00
0 0 1
el o l (4-11. 4-12, 4-13)
X3 =10 Ya=|1 z3=|0
-1 0 0

JEFEAT AR 2] AN BER R 1) FUE IR o3 IR R T ip M cl 45 R T
(9 s ek, LB LUl e R B Y T .

g =“R,-q (4-14)
TEKE 4-6 L gL T LLR R R
g5 =Ry “R,-q;' =R(B)-R.(1)q;' =R, -4 (4-15)

4.2 P TE RERER
42.1 SRR

R TR A S R, 8T Fril it RIvER .
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4-8 LG 4-3 FIFBRI 4-5 KIBEF: RN H: 2L
Fig.4-8 Combining the translation from fig.4-3 and the rotation of fig.4-5 to form a rigid transformation.

W 4-8, M pl El ps HIFEER:
ps=R-p+t (4-16)

FEIXBEFIA—ARZARFIEEM RN EMOMES, RRSEERN HICETR, it
BET MR mE, HRRRPEES EX:

M Lo QO e
1) (o0 o0 1jl1 1
ELENIVEE RN, FFREERRERERERT
[ R, t” R, ta} [R,R,, Ra-tb+ta]
H-H,= . = (4-18)
000 1/{0 00 1] {000 1
422 HERFRARITEER

“H R AR ol B o5 B, B RIF B RN AR i 1) B MR BRI M 4R AL AR

ag | ¥s Vs 75 o (4-19)
5~
0 0 0 1
P =CH - pi® (4-20)

4.3 ZHE

TR AT LARIE R R 78, (HEEMRAESIEN, THERERS. X
FH = 4 7 Z2 45348 AT AR 47 BRIt 1R A i) B

ZHRAROEANSH, 3N RIEE, 34N REE, (TransX, TransY, TransZ, RotX,
RotY, RotZ). XHIRE S HEM, —MUIRREANA B HE L PBEUERH.

4.4 BRSNS

R B G P RAOE T R A bR R AR, W RRLAE ISR E. T
FHEEFHARNGL (HE RREID, MR LREN, ERRREEDE
RsRTIM, MRAAR—#, BEoRFCAZORL, TR LRRET
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B BISBFEH L, ERBEKDRIPELR.

e 49, AR LA p BB FEPOER T EAEPOEERE T
MG b, Bk, XA fRAHRMNF RN —BAEMRMESEER I TR
H, HAVRRBE TSRO f A4, X R EEERE SRR L EER
fEm, bR EN.

Hop WHARER (WCS) BHEEHALIRR (CCS) KA.
pi=H, -p" (421D

‘H,BINNBE (10,0 ,0,B,y ) BHRIEREHSNS, ENTRERFRIFRBR
BHLLE. 7 HALCON 1, B UEH—MIEM—NRRF BRI ITUT 247
fE—i2. (PTLA7E HALCON XM BE4 7 ME).

T RIEBEINALRP A p B ABERFE (PCS) L, $LBERSTAT

AERR:
u _f x°
vl z ¥ (4-22)

LA BRI LR, HANREEAT . BOMERE S p B IPCS A4 (u,v) K
A TARK@GTY , W p SABERET W
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S
7S

CCD chip 7 ,,_{ fr//if Image plane coordinate system (u,v)
P Image coordinate system (r,c)
5 Cx\ :
\ir
\
Camera with b
optical center ~x* Camcra coordinate system (x*, y*, z°)
LA |

oy

o World coondinate system (x”,y%,2")
! | v
z

B 4-9 BRI R EBY
Fig.4-9 Perspective projection by a pinhole camera.

XA UEER —ANRITEREPE, 78 HALCON #, XM a] LIgsrsh. &
ok FURIRAMBE S W), TR R Z WAL IPCS BIARHBIZER IPCS AT,

y=—2% y=— (423, 424)
1+ k(@ +77) 14 k(@ +7)
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Optical center

4-10 kWK
Fig.4-10 Schematic illustration of the effect of the lens distortion

BJE, 5ERR p@a,v) BRI AR R B - G AR R
r) S, Y
c)” i (4-25)

Hps,, S & CCD MBEKD, 8 (C,, C,)) BREAE, EEHILIBRILD,
ERETELEEFLERGTE LNEERE, EHREHBEHPL, XANS
A RBHHINE (f,x,8,.5,,C,.C, )0

BBEHIRERWEANZ (£.,5,,5,,C,,C,) FISE (1,t,1,a,8,y) K.

x?by0
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AL ST RG24k L

45 REILE

TE A T 2 ) P R 5 ZE [P — I ) 3 R — H A s LR R, BREA I Tk 8§
S EN BT BANRMEN, A, e ) RELN, BUHEN R
b L HIHL
RS HALCON bk brs HEGPLSE T bisis, N9 FhsE i, mpE
4-11, ZRE—AbefEfF, €17 A CHRE T B caltab_30mm.descr.

B 4-11 halcon 4752 4R
Fig.4-11 The HALCON calibration plate

HALCON FREBA 49 NE A, BRA 2 08 AT AR KM HPRE , 6mm.
10mm. 30mm. 100mm. 800mm, /M| 650um %%, % 30mm FRERAFINATE
MHES Y.

FREB R IEFTE, $&BULHE K BER & A%, 30mm (b5 R, B % BHEKE 30mm,
H 747 750, BATRESIEA 7 AR, RZKH mark £, HTARAT HALCON 30mm #55E
8, ANREN=S/, BTFXSENR, LAERN 0.0009375m, A2 BIMEEEY
0.00375m, UHEL B A MIPERS A 0.0028125m, HHERE N 0.0009375m, FrAkdriER
REZBAAG, B mak A ERM TR LRI,

PRIER £ ED A
find_caltab (Image, Caltab, CaltabName, SizeGauss, MarkThresh,MinDiamMarks)
find marks and pose (Image, Caltab, CaltabName, StartCamPar,StartThresh, DeltaThresh,
MinThresh, Alpha,MinContLength, MaxDiamMarks, RCoord, CCoord,StartPose)

TEHRE BURE) S22 1 MR E O EHRBLIA, find_caltab fir< FH RN
PRAECHA SO, LIPS () B SO AT B 07 F oA mark ARRTBIEALEE, X HRINAE



BIF HE RG2S RSB

¥, find_marks_and_pose iy & #H mark A BEMA T, EH mark £0ECRFE S
$1% . F M camera_calibration i 4, BRE T RIEHHIASHIRE BB T IRERA
mark SAIRLE.
camera_calibration (X, Y, Z, NRow, NCol, StartCamPar, NStartPose, ’all’,CamParam,
NFinalPose, Errors)

15 7 mark SIS, SEOTLAINE 5 A7 S EHR A R R AL ARBR R IR T .
image_points_to_world_plane (CamParam, Pose, Row, Col, 'mm’, X1, Y1)
Wi %A 2 AR T A Ak RA T EIRIR ZKbIEE.
S FrfbRE R B R A 4-12 (B4 BERA w5

B 4-12 LR RbRE R
Fig.4-12 the example of calibration plate

PRERE T

* Code generated by Image Acquisition 01

close_all_framegrabbers ()

dev_close_window ()

dev_set_draw (‘margin’)

read_image (Imagel, 'C:/0411calib/01 . BMP")

get image_pointer] (Imagel, Pointer, Type, Width, Height)
dev_open_window (0, 0, Width/4, Height/4, 'black’, WindowHandlel)
dev_display (Imagel)

* IO E ARk 1T

caltab_points (‘caltab_l10mm.descr’, X, Y, Z)

* RARBIVIGAS

StartCamIntPar:=[0.005,0,0.0000044, 0.0000044,Width/2.0,Height/2.0,Width,Height]
* find_marks_and_pose & ¥ 2% find_catlab & EHI1 25
SizeGauss :== 5

MarkThresh := 65

MinDiamMarks := 15
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StartThresh := 248
DeltaThresh := 1
MinThresh := 18
Alpha :=0.5
MinContLength := 5
MaxDiamMarks ;= 400
* FEH]—Lk tuples £ 750b3 E MR L R I ARARAE B VI GG T4
Rowsl =]
Colsl =[]
StartPoses! =[]
fori:=1t022by 1
read_image (Image, '0'+i)
dev_display (Image)
find_caltab (Image, Caltabl, ‘caltab_lOmm.descr’, SizeGauss, MarkThresh,
MinDiamMarks)
dev_display (Caltab1)
find_marks and pose (Image, Caltabl, ’'caltab_l0mm.descr’, StartCamlIntPar,
StartThresh, DeltaThresh, MinThresh, Alpha, MinContLength, MaxDiamMarks, RCoord1,
CCoordl, StartPosel)
visualize_results_of find_marks_and_pose (Image, WindowHandlel, RCoordl,
CCoordl, StartPosel, StartCamIntPar)
wait_for_confirm (WindowHandlel, RightOrWrong)
Rowsl := [Rows1,RCoordl]
Colsl :=[Cols1,CCoordl]
StartPoses] := [StartPoses1,StartPosel]
endfor
stop ()
camera_calibration (X, Y, Z, Rowsl, Colsl, StartCamIntPar, StartPosesl, ‘all', CamParam,
NFinalPose, Errors)
write_cam_par (CamParam, 'campar.dat’)
* close_framegrabber (AcqHandle)
write_pose (NFinalPose[(22-1)*7:(22-1)*7+6], 'campose.dat’)

BAVHERT 22 WA R AEARN L EGRATHE, BRI X campar.dat
A campose.dat, ‘Ef 14 HlicBIR GRS NS,
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A el = e P A A R o I B
A AT ]S el lopele

I 4-12 20 KRR b Ak

Fig.4-12 20 images of calibration plate in different orientation

W%
[0.00470784, -646.307, 4.41538¢-006, 4.4¢-006, 620.614, 1187.19, 1600, 1200]
2Ot 22 4, KEaFIL):
[0.00385011, -0.0172025, 0.0242818, 0.49814, 0.767084, 41.1962, 0;
0.00458059, -0.0168411, 0.0243575, 1.09872, 0.641009, 0.367899, 0;
0.00590989, -0.0141096, 0.024387, 1.11539, 0.501028, 348.161, 0;
0.00723712, -0.0160882, 0.0243418, 1.15402, 0.327524, 339.012, 0;
0.00621638, -0.0173977, 0.0243078, 0.957587, 0.060776, 315.971, 0]
Hsrss 22 A, ERANAWRAKERE, ROMEMMREEE—H, SHEHL -
Zobrig, MRV RNVE, #A VESSEEEATAKE, WM ERFIRE .
2t 2 RITENAR AR ESGRITIRE SRR, KFHRERKERSEWT:
ObrERET G
@bRERE R B AT L A TREIAEA, ZXRmEEE
OABE R, IR IEFHET 45
@F P 10-15 tEE %K
O L BRI tir e B — &
O e B KK R KT 100
@br FERR T DX 38 B (8 I8k o et S A X 35 100 LA L
@EBRAE RO KBEEKXT 255)
Omark SHGRIFKT 10/ MRE
@R/ B> S
B A2 & TR 22 20.8mm, ERHAIVRERKDER/NGR R FILAS, 76
WA ERI R P IER T 10mm BB MIRER, 4T 2R R MR E I 4 4 EEHEHL
WA TFHEREG. HTLRAMHER, e 2B SITENHIER, ElRfE —EF
FEME, AR S REAR A RN, X B R R AR, B
4-13 XA
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K 4-13 FRERALSEIRE (al b)
Fig.4-13 image of the calibration plate and the gear (a. b)
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WA MRS

FLE PMRIYERRERN

th TS0 RN E AR, SR ME R, Hisk T 4/ MEKD
FHERMER, Lhaa T KRN, KTRNRZ. KRR ERSR TR
B, R LS, kAMRBIRIALF, , RIERBLAK F, BR0M. HHE, |
Fo B FAGBEMTIERER, £/, MFALT00FINE, Wb, )R,
BRGNS RIS I A BB E 51

51 B EABHE
Table5-1 Basic parameters of a small module gear list

oA | R Tl | R 08 | B AL R | W RRE
L Hi® HE | AR (10 )
§ 50 | 04mm | pogeor | 19mm | 20mm | ) ogpene | 450 mm | 62.8318:9%

WHKERSK, BFBARS K, RE, WREARE, BBV, H8s
HEBGRESY, ARLETE, B8 RAGEE.

?j::

Fig.5-1 qualified product
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\

53 %%, b, & d)
Fig.5-3 gear(a\ b~ ¢ d)
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BRFE MR AERN

B FREFSHERHHENARUERES40HE, ZRRSENT

%52 BRRRENSHHE

Fig.5-2 Image acquisition parameters reference

XD | BEHIR KR P BiF
Fd 5-1 1.83m Mono8 1600*1200 7.56ps
52 1.83m Mono8 1600*1200 7.56ps
bd 5-3(a) | 5.49m YUV411 1600*1200 7.5fps
Fd 5-3(b) | 5.49m YUV411 1600%1200 7.5fps
Bl 5-3(c) | 900k RGB3 640*430 7.5fps
M 5-3(d) | 900k RGBS 640*430 7.5fps

ENAG 10 BOKB IR, MG KDE 20mm £46, HEKK 200 FEFEHE
&9, 1600%1200 P RWIBEFI TIXMUE. GFEME. TR L (8]
W%, EESPE 160041200, ERHNN Monos MIFEMRA., XREH 2 HENKE
B, WA s-1/5-2,

HAURRSHWT:

Stingray FZ0IC [C 0, X 23650165351 - AVY Smart¥ies 1.9 X

Format Ctel1 Chlz 3 Trigflo LUT{Shda. Adv1 AdvZ Adv3

Fired & varisble modes. .
Format Color Framerate 150 speed
320x240 ~  YUV422 1.875fps 5200
6402480 RGBS 3.75 fps
800x600 D{YOT 5 F 5800
1024x768 15 fps
1280x960
£7 mode 0 High SNR mode
F7 mode 1 150 channel of f -
F7 mode 2
£7 mode 3 v/ Auto Chn. Frame buffers
F7mode 4 » 0 -~ 16 z
Farmat? settings..

|

. Hide v/ Don't auto hide IEI E} IE] D

B 54 BRKABH
Fig.5-4 Image acquisition parameters
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He B KD
" AR
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Kl 5-5 BN FLIRR:

Fig.5-5 flow chart of inner bore measurement

B AERNT:

dev_close_window ()

read_image (Image, 'C:/0411/06.BMP')**i% /&l

get_image pointer] (Image, Pointer, Type, Width, Height)**/3 F| {2 2 %
dev_open_window _fit_image (Image, 0, 0, -1, -1, WindowHandle)**¥T J- & I3
dev_set_line_width (2)**i% &4k %

dev_set_color ('red')** % & {4

dev_display (Image)** 5.7~ Bl &

set_display_font (WindowHandle, 16, 'mono', 'true', 'false')** 1% & 71k, X FHif
disp_continue_message (WindowHandle, 'black’, 'true)**{& 7~ {5 B (migkes)
stop O** & 1% &

read_cam_par ('C:/0411calib/campar.dat', CamParam)**{Z AN &

read_pose ('C:/Users/yanzi/Desktop/0411calib/campose.dat', Pose)**iZ A 4b 2
dev_set_draw (‘margin')** ¢ & ifi & 57 3\

tuple gen const (20, 0, Newtuple)** il 3 — 4 25 4 [

fori:=1to20 by 1** (FFIAMEKER, FARITE 22 &EED

read image (Imagel, '0'+i)

gauss_image (Imagel, ImageGauss, 5)** & {7 FH

bin_threshold (ImageGauss, Region)** E &) ¥

opening_circle (Region, RegionOpening, 3.5)** JT-iz §

connection (RegionOpening, ConnectedRegions1)** [X 1% 7} &5

select_shape (ConnectedRegionsl, circles, ['circularity','area’], ‘'and', [0.85,30000],
[1.0,50000])** % FEX 18, (IX Bk #6414 & B A )

count_obj (circles, Number)**[X %40

fill_up (circles, RegionFillUp)**3H 78 *4ij [X 15,

dilation_circle (RegionFillUp, RegionDilation1, 3.5)**[ifik

erosion_circle (RegionFillUp, RegionErosion1, 3.5)** /& it
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area_center (RegionErosion1, Arca, Row, Column)**K 1.0

intersection (circles, RegionErosion], RegionIntersection)**3K A5 # (X H &>k & B #n
oh i) AN R 3 4

reduce_domain (Image, Regionlntersection, ImageReduced)** 5 [ sk Z: Wl 4 FF 3454k, 1
Fl—AL

gen_contour_region xld (ImageReduced, Contours, ‘border’)** £} 31| N £L48 J§
contour_to_world_plane_xId (Contours, ContoursTrans, CamParam, Pose, 'mm')** 45
U THE SR AR AR TR

fit_circle_contour_xId (ContoursTrans, 'algebraic', -1, 0, 0, 3, 2, Rowl, Column2, Radius,
StartPhi, EndPhi, PointOrder)**4} il H n NMASL & 1X 2505, K1FREE (ERBEET
e n BRI E2A MR, 245 n MEEEE)

tuple_mean (Radius, Mean)**igd & #8442 K 3948

Newtuple[i] := Mean*8 #25¢/™ ik & (f) S48 B A 5E R

Endfor**5¢

A 5-6 WALl R

Fig.5-6 dilation and erosion

BAVEAT 20 M6 E T, BRIBENT:
4.50022,4.49674,4.49068,4.49096,4.49944,4.48232,4.48818,4.47332,4.4867,4.48428,4.499
8,4.49276,4.49264,4.49252,4.49224,4.49296,4.49232,4.49278,4.4921,4.49306

I KAE A 4.5002, f/MEN 4.4733.

Matlab 22 F -
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Figure 1 [E=BEy X |
_F;Ie Edit VE‘W Insert Tools Desktop \‘.‘inéow Help - >
fda B ALK 06 O
4 505 T . T T r T T T T
45F .
/ \
N ',-' '\‘
4495+ N / Y 1
, / I\ I"_—‘——--_,-r"""“-w-““-\_
\._\ I l 1
449} — \ ~
\ \ j
4485} '\/ / N :
{
448} .
5 ) \
E 4475+ | . [
": 447} 1 !.
| 4.465 A 4 - . A A ; . ]
" 0 2 4 6 8 10 12 14 16 18 20

M 5-7 HBEREN
Fig.5-7 Tolerance Analysis of the diameter

5.2 /MRNER EREENE
REREEDT:
B, A
Weite
KR K
e
(RIS
#l
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Fig.5-8 flow chart of tooth number and pitch measurement

BT

dev_close_window ()

read_image (Image, 'C:/0411/010.BMP")

get_image pointerl (Image, Pointer, Type, Width, Height)
dev_open_window_fit_image (Image, 0, 0, -1, -1, WindowHandle)
dev_set_line_width (2)

dev_set_color ('red’)

dev_display (Image)

set_display_font (WindowHandle, 16, ‘mono’, 'true’, 'false’)

disp_continue_message (WindowHandle, 'black’, 'true')
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stop ()
read_cam_par ('C:/0411calib/campar.dat', CamParam)

read_pose ('C:/0411calib/campose.dat', Pose)

dev_set draw (‘margin)

dev_set_line_width (2)

dev_set_color ('red’)

invert_image (Image, Imagelnvert)

bin_threshold (Imagelnvert, Region)

connection (Region, ConnectedRegions)

count_obj (ConnectedRegions, Number)

select_shape (ConnectedRegions, SelectedRegions, ‘area’, 'and’, 400000, 600000)

count_obj (SelectedRegions, Numberl)

fill_up (SelectedRegions, RegionFillUp)

smallest_circle (RegionFillUp, Row, Column, RadiusMax)

inner_circle (RegionFillUp, Rowl1, Columnl, RadiusMin)

disp_circle (WindowHandle, Row, Column, RadiusMax)

disp_circle (WindowHandle, Row, Column, RadiusMin)

Radius := (4*RadiusMax-+5*RadiusMin)/9

AnnulusRadius := (RadiusMax-RadiusMin)/6

gen_measure_arc (Row, Column, Radius, 0, 6.28318, AnnulusRadius, Width, Height,
'bilinear', MeasureHandle)

measure_pairs (Imagelnvert, MeasureHandle, 1, 30, 'negative', ‘all', RowEdgeFirst,
ColumnEdgeFirst, AmplitudeFirst, RowEdgeSecond, ColumnEdgeSecond,
AmplitudeSecond, IntraDistance, [nterDistance)

NumCogs := [RowEdgeFirst|

disp_message (WindowHandle, Number of cogs: '+{RowEdgeFirst/+'

‘window’, 260, 10, 'black’, 'true')

Distance := IntraDistance+InterDistance

tuple_mean (Distance, Mean)

tuple deviation (Distance, Deviation)

gen_circle_contour_xId (ContCircle, Row, Column, Radius, 0, 6.28318, 'positive', 1)
contour_to_world_plane_xId (ContCircle, ContoursTrans, CamParam, Pose, 'mm’)

fit circle_contour_xId (ContoursTrans, 'algebraic, -1, 0, 0, 3, 2, Row2, Column2, Radiusl,
StartPhi, EndPhi, PointOrder)

ratio := 0.024876
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WCSDistance := Distance*ratio
WCSRadiusMax := RadiusMax*ratio
WCSRadiusMin := RadiusMin*ratio
tuple_mean (WCSDistance, Meanl)
tuple_deviation (WCSDistance, Deviationl)

B 59 L% E
Fig.5-9 Teeth Measurement
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Fig.5-10 images of gear

I 09 Tk BB B, BB
A% 50
. [1.25275, 1.25111, 1.25288, 1.25121, 1.24851, 1.26054, 1.2524, 1.25956, 1.25705,
1.25385, 1.25766, 1.25456, 1.25439, 1.25593, 1.25038, 1.26021, 1.25078, 1.2545, 1.25146,
1.25393, 1.26012, 1.2443, 1.25548, 1.25801, 1.25644, 1.25513, 1.2531, 1.2476, 1.25455,
1.262, 1.26143, 1.26663, 1.26442, 1.26096, 1.25655, 1.25548, 1.27011, 1.26119, 1.25848,
1.26259, 1.25479, 1.27506, 1.25552, 1.2625, 1.25145, 1.27089, 1.24852, 1.25781, 1.25497,
1.25265]
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PAMREKFIER: 0.024876mm/pix

WTREER: 208145

NIREER: 19.1077

KREME: 1.25668. MKMH: 1.2751. Be/MH: 1.2443
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Fig.5-11 figure of Tooth Pitch of number 09

09 SR RELERE: 62.8342mm, TOARMEME R 62.8318mm, HY 10 ZLk5EE,
FFRZEH 641 m, HLEEK.

5.3 ¥Rk

20 HEBRAAEE M TR CRELFIH):
01:
[1.2627, 1.25657, 1.25175, 1.25933, 1.26165, 1.25672, 1.26448, 1.27034, 1.26724, 1.26917,
1.26519, 1.27245, 1.26447, 1.27012, 1.26815, 1.26004, 1.26704, 1.25176, 1.26618,
1.25521, 1.25132, 1.26087, 1.26298, 1.26122, 1.26695, 1.25556, 1.25822, 1.26411,
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1.25563, 1.25401, 1.26887, 1.26435, 1.26477, 1.26705, 1.27292, 1.2648, 1.27646, 1.25991,
1.28007, 1.26799, 1.27163, 1.26655, 1.26048, 1.26197, 1.26049, 1.25469, 1.26206,
1.26112, 1.26101, 1.25897]

02

[1.25205, 1.25491, 1.2592, 1.25371, 1.26013, 1.2654, 1.26239, 1.26218, 1.26443, 1.27066,
1.26043, 1.26272, 1.2664, 1.25841, 1.26087, 1.25386, 1.26148, 1.25615, 1.24624, 1.26134,
1.2606, 1.2611, 1.26632, 1.25922, 1.26022, 1.25963, 1.26299, 1.25106, 1.27624, 1.26727,
1.26568, 1.27735, 1.26817, 1.27225, 1.28293, 1.26792, 1.27179, 1.277, 1.27197, 1.27047,
1.26617, 1.26314, 1.25602, 1.26071, 1.25789, 1.26278, 1.25822, 1.25953, 1.25811,
1.25608]

03

[1.2582, 1.26431, 1.25549, 1.25559, 1.25367, 1.25957, 1.24995, 1.25328, 1.25827, 1.25219,
1.25218, 1.25319, 1.25955, 1.25536, 1.25042, 1.26374, 1.2577, 1.26412, 1.26202, 1.26402,
1.26218, 1.26353, 1.25999, 1.26056, 1.26562, 1.26768, 1.26264, 1.26352, 1.2587, 1.26513,
1.26645, 1.26163, 1.26015, 1.26079, 1.26633, 1.25721, 1.2557, 1.25276, 1.25196, 1.2596,
1.25811, 1.25867, 1.25825, 1.25615, 1.25292, 1.25494, 1.25221, 1.25589, 1.2475, 1.25293]
2 20 Ak BT SR 5-3:
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Fig.5-3 data processing of gears

wiT |WERA | KERD | HERS | WHEE | SHEH | K W H
1 yiil W EE 7 & v

01 1.2801 12513 | 62.8935 |20.8512 |19.05214 |50 4.50022
02 1.2820 12462 | 62.8749 |20.8504 |19.0114 |50 4.49674
03 1.2677 12475 | 62.8335 [20.8109 | 19.06482 | 50 4.49068
04 1.2807 12479 | 62.8835 [20.8947 |19.0897 |50 4.49096
05 1.2776 12502 | 62.8738 |20.8123 | 19.0897 |50 4.49944
06 1.2805 12485 | 62.8508 |20.8866 | 19.06482 |50 4.48232
07 1.2690 12478 | 62.8124 [208728 |19.06482 |50 4.48818
08 12771 12419 | 62.7616 |20.8740 | 19.07626 |50 447332
09 1.2751 12443 | 62.8342 |20.8604 |19.05238 |50 4.4867

010 1.2987 12231 | 628077 |20.8664 | 19.03995 |50 4.48428
011 1.2777 12419 | 62.8617 [20.8749 | 1907726 |50 4.4998

012 1.2939 12135 | 628825 |[20.8777 |19.05238 |50 449276
013 1.3001 12304 | 632835 [21.1078 |19.05238 |50 4.49264
014 3.1435 1.2435 / / 19.05258 | 48 4.49252
015 1.2980 12108 | 62.8846 |20.8784 | 19.05238 |50 4.49224
016 1.2976 12110 | 62.8846 [20.878 | 19.05238 |50 4.49296
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017 1.2940 1.2113 62.8859 20.8789 19.05237 | 50 4.49232
018 1.2982 1.2118 62.8864 20.8791 19.05238 | 50 4.49278
019 1.2988 1.2129 62.8869 20.8792 19.05238 | 50 4.4921

020 1.2991 1.2106 62.8864 20.8791 19.05238 | 50 4.49306

e HF 015-020 £ 7| —/ Nk 48 AN [l i fm) FnAy & i) #A 4 B HR
XTH A ERAR AR AT, 2T

014 SKHERK, SHENUEHRK, 015-020 S A HF—KLIHE, MBI
MEAK, BEBHTHEELEHE, 013 SHREE FEERN, SRTHEAEE T
WK, WRIEEESEEBRA, SERK, BAEEIEHmHK. 010, 012 SEHERARE
BrF, PAMEEHRRREDT K. 01-09 SERAEHRE, SBERNILESTHEE
X

5.4 KE/E

B KERNEEGHITERGAES Y, MM RRERLEE, RAIE
BEER/MEBN R KERR, 7€ HALCON Hhémfasc i/ MEK LR AILER.
W WS REAR T, TN BR . R SRR LB, BEIGE.
Hew, FHEE, RED.
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