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Dimensional inspecting system of thin sheet parts based on machine vision
WU Ji-gang, BIN Hong-zan

(School o f Mechanical Science and Engineering , Huazhong University

of Science and Technology, Wuhan 430074, China)

Abstract: According to the dimensional inspection, taking the thin sheet part of Head Gimbal Assem-
bly (HGA) of the computer hard disk as an object, a line type industrial camera is used to acquire the
image of the inspected part by line scanning. The calibration algorithm is proposed based on the prop-
erty of the line scanning, and a contour vectorization algorithm is developed. The dimensional parame-
ters of inspecting part are gained adopting the contour vectorization algorithm in which the image has
been processed by filtering, calibration, binarization, edge detection and thinning. The parametric er-
rors are obtained to evaluate the quality of a thin sheet part comparing the dimensional parameters ob-
tained from scanned image to the dimensional parameters obtained from reading the design DXF file.
The experimental results indicate that the precision of contour vectorization can reach to 1 pixel, the
inspection accuracy can reach to 1 pm, the average inspection time of every part is 1 s and the inspec-
ting system is feasible.
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Fig.1 Schematic diagram of hardware configuration

of inspecting system

B2 A A A 2 IR A

Fig. 2 Photo of inspecting instrument

HHIZ A "L ECE R LB Sh &% . R R
P30 FF S A R BR A & . SR il in % K CORECO
A PC-DIG A EMERCR B E R il & R4
B AR S R M R i s bk o o AR 0 AT
A B EMER B R A hy R B 4 W Tl AR AL B 5 7Y ik
KA. KA W& K DALSA 24 & 1y SP-14-
02K30 BIZE [f4: Tl AHAL . H CCD EIR AL k25 S 2k
AR I 2 048 ME R A N EHR AL B
MIR/NE 14 pm X 14 pm, BHG S &3 2 8] G (7]
B R e R BTk A B F) RSF Elektronik
A MS 6x. x5 GA BB 0B A 1 pm,
PN B A ER R E S ’BRCRE
5% i AEARAE T A AR 0 i A B ey
W BUR-AT 0 BMP SCHE, BN 5 46 2 14 10 41 4
R H s

RAF RS TR 0 B ARG KR AT BB
oA 3L e 0% R AL RXT A



126 e K TR

515 &

3 AgEma

3.1 BERIRE

K3 o B obs e B IR R G 8T il T B Sk X
WAL AT A6 TCITRS A 1) 46 A7 5OR A0 B AT 4 B
TERAE X 10 MY 1) 5 3R 8] 320 1Y S B i
AN — B R I 6 2500 31 9 I 45 PR AT R E
BT R S T BB E R L. PR
BIRAE X 15 3R r 1) 37 1 52 B B B o oK 0 119
TE Y RS 6] A 52 B B B 45 1 AR FLAE — TR
H >R £ I 1] 18] By A 144 3 Bl B ) LD 20 0 0 Y
SROBLE ARG o TR 5 00 b v 2 oHs 3
AL F AR E LR H AR R X1 R R AL
ZMY MERENEE AERBET Y BEREAD
RS X MR RN BER . PR A E
RO s B E B B X R R BT R A
(ERSIGIECEP R @Y & FALIHEVSE S dibl v LN

=i
i ]
14um

TS 3 (Vi)

TTTTNTTTTTTTTT

s
A7 18]
(XT)

ROCLIIITTITITITT

(a)

TAAIHLIES) D KAL

(b
B3 B AR E R R 3

Hg.3 Schematic diagram of image calibration principle
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Fig. 4 Schematic diagram of eight neighborhood of a

contour point
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Fig. 5  Schematic diagram of curvature threshold

method principle
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Fig. 6 Schematic diagram of project height threshold

method principle

4.4 BESNmMoES5RE

FE IR G 25 [0 56 [ 9T 5 He il 32k —
WL BN B R B RS R AOERERR
49 DTS 250 [ KA |l 385 A O 8. 20 iR
Sb PR JE Y — B R QQ; 1 43 BEUUN AN HE B, A7 4
LR ICAM S IE T iR, PPy Py iy
AR, Q QA 2 T 3 A . SCHEk[1]
P T — A0 R IR 43 5 R R Rk R



128 e K TR

515 &

> B SRl . AR SO SCER T T4 i o 58k AT
TR I 24 18 HE AT 1 N0 S R L R B
Horp— A HBEE LR 4.0 B QQ -+ 7h
E S A R E 7 () s, 438 T %R R
Q Q1 KIMERG 7 Be 55 .

p, e p

Pl Q/H

9
Py

Pya Py

(a)

(b)
7 BRI R

Schematic diagram of principle of splitting

Fig. 7

and merging of arcs

4.5 BHEWMHHNERE

TERR G 23 ] H s — 2% LR B AT o] — s 19 iy R
#oh 0. FETHR LA BE 2 TR AR R Rk R
I DT 3 30— 4% B 2% B A 58 26 il 5T
0. RN — K HA LM R R WiE 8 R .
20y BoR B G 2t — 28 1 2 BUA i . o ik
BRI R BT AP HLNEE L,
ARSI T HRR I SRl G Rk . R AT A
SN Py R Py IS AB BB R BCE
(B T35 8082 B /N T BRI SoKE Py Bl B0
Py R AR s B R R T BIE T WA fEHs
Py AR L. 38 1T A R B L B ADRE A R T
—FREANZ RN BRG N —FHL.
4.6 HEERTSH

e MUE ST 1 2 AR R R I R
P 0 — R i LA T A i A b BRIV DA 2K i A
bR T — A AR R B m Ak bR T 3
ol 4 PR A R 8 R Y P O — 5 2 R 9I KE I A

B8 HLRm A S a4 R R R
Fig. 8 Schematic diagram of principle of judgment

and merging of line

SBR[ B T A A B R EAT B/ AR B N
A TR RO R AR . F IR AT IR 2 A —
e B A — A LR R 2R R 4 U A
TG o A R ) BT A R G e HEAT B/ R [ K
S E RN g A PN I S

5 xrreem]

5.1 DXF 3x#iEE

M DXF SCHF b 5 R U S 80h K & &
TCIRAF S8 R RSP AR iE S 5. I\ DXF 3Cff
VLI &1 76 HEHES I 2 BE AL A PR 1 5 b 20
HEAT T AL e P — B JoAE i T, #i IR
BRI HES B G . PRAEI R I A5 507
B — WAREE WA B ORAE K DT X 5 4R BHE
h G AR A7 T A 58 SR 4
5.2 MEEHERFREREGEAM

KR o< B AL JE 1 BB 1Y TR 2 0T AL IS )
M DXFE S o 32 B B T 34 DL 948 & DR A7
Bl 58 5 v 5 0 A B B T 3 o LR X AN T E LA
o B UE R 2 B AT AR AR AR 4 . SR S 4 BRI T
HEZNI T 38— LU B AR & A BT e 22, Kt
B E TR ZE 5 M DXF S0 di B 332
ZEAH AT LB, FI T 1 25 R R AE ARVF T I N  R S
BRI/ Ay — A TXT 30,

6 S AR S

AT S B 2 50 PR R b 02— 0 o 1
K FZARR I AR e 47 RO R . 25 1 4
B9 R, (a) (b)) L (o) (d) L () IR IR KR F 4 BT
1 SR s el B -5 b S i AR s (A AL B
Ja W R 5 3 AR B A4S 1 TER 5 B % Al
AR IR AR IR T MR E . Rk & F
ST ZRBE A . 2RI R LT



B

TRFA - 45 LA DL A8 1) 9 A 2 R RS R &R 42 129

AP 10 o RSFARTE B 7R » 2 B F i 70
A RNFZEZSRM RS AT 0. s pra Ransk 1
o HPIRERME AN RAFIREMEANZTLHN. 2G
A% 7 i o

() FI41 B A5 A [ 1%

(a)Image obtained by line scanning

et

(b) 2 U8 I FAR 52 Jo 11 B 1%

(b)Image after filtering and calibration
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(d)Image after edge detection and thinning
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(e)Schematic diagram of contour vectorization
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Fig. 9 Inspection and data processing for a thin

sheet part of Head Gimbal Assembly
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Fig. 10  Schematic diagram of typical dimensions

with tolerance of part
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Tab. 1 Inspection result analysis of

typical dimensions of parts
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