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Development of Vision System for Quality Inspection of Machined
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This paper presents a vision system for machined hole quality inspection of mechanical parts in an automobile. Automobile
parts have various shapes and holes created by press punches. However, if the press punch pin is broken, a hole is not
created on the mechanical parts. This problem causes serious part quality defects. To solve this problem, we proposed a
vision system that could easily and cheaply inspect the quality of holes in automotive machining parts. A software
development environment was created to build an economical vision inspection system. Images were gathered using the
Near-real-time method to overcome the low frame-per-second of inexpensive Complementary Metal Oxide Semiconductor
(CMOS) webcams. Status of the hole was determined using template matching and distance between holes as a feature.
The hardware required for vision inspection was designed so that it could be directly applied to the automotive part
manufacturing process. When the proposed vision inspection system was tested by installing it in an automobile parts
factory for 3 months, the system showed an inspection accuracy of at least 97.9%. This demonstrates the effectiveness of
the proposed method with accuracy and speed of hole defect inspection of machined parts.
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Fig. 1 Examples of automobile mechanical parts and machined
holes

ArE HHE o83t 714 BEol AT AAHS), Hol= R ¥
7|2 ol a2 Agt HARE fIgt vl AlaEl e,
CFRP (Carbon Fiber Reinforced Polymer) 3jd W] =& & A5
AAEE fIRE B =z Y= AAT], = wighE o]83t
v 7 2E & A 48], AHlE v Al2H
U5 8o H(Burr) HAF (9], B 7]HEe] <
o]-g3t A%t HE A(10], HEH WAS o83t v HA
ol QISITH11].

1 F AsAF HEY vA AA B AR AsAE B
FH HAE 91 vldA A A wAley =Y el A
[12], AFsAF & 7 E Zed FAE 93 #HAlRd 7i
[13], Elo]AE ©]&3F 3D A5 Wiel et AFH[14], AT
AsAREL] o vIAHAL R[15], AarE vV s 28
o ARsAr B FAAAE AL FRAL16], FAAHE o83t
A UE Bl & AA i Sol AREUATH17]. 1
L 7]1E Atso] i AbAIAlol ARtshA] oAl BAFRAE F
F= AAE AdHolA AAEAY, AAF AE=E w0l7] A8l
e HolHE Zag s, AP 28 ARto] e dele
T AA @A o EAIE sidstr|ol SwshA] etk

2 =EolAe o2tk EAIE sty {8 ARsAk 71A7E
3 nE) E9| B AhE AulgoR ISP Gt
A A|AEHS At #7Fe] CMOS (Complementary Metal
Oxide Semiconductor) 78 (Webcam)o] Zt= -2 FPS (Frame
Per Second)s =5317] 913k oju]#] =3 Wjer 914 o]
E| 9] oju|z] Az Fol ARS-E= A A H(Near-real-time) %] 2]
WS 285k 18,19]. 3, oheFet Feje] & HAE A8l
29 B AHAE AR 2 APste] Y2 vlashs v Y
o8 &S wjAS ARSI diFEY] AsAb Al A
A8 2Ror A BEe AE Wk YRR olEsh]
ool FE9] o]F Al IHFo] ALY WAsHA] gkot, g ¥
o] Y& HlolEl gHute e HAAY FEo] BF 483 4= QL
cog dely WE gES oA e 285177 8ol
she, o] e Y dloly 3o Ihehshm AikeFo] Ao
AH|-E HIH GAE Al Eo]] Attt & =l A Aokt Bl

Alegle] FEAE A5 sl =l ARs Ak 7 Al A

i

ox o
24
-— oln

System

Connected

Image process
General

Now e frame count (KEH

Record frame count  (IEI t Second id
| optimize Scant X gap Rescan range
P posic
Fig. 2 Integrated graphic user interface for the proposed vision
system
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Task start
Mode set A

Request
stop task

Task stop
received

Mode A
No result_“\y;iting Gathering ) Update
Processing [-*
a part frames result
New case
Mode set Mode set Mode set
B C A

I I )

Fig. 3 Flowchart of Near-real-time for image processing
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Fig. 4 Flowchart of waiting a part
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Fig. 5 Matching process with input images and original images
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Table 1 Hardware system specifications

Item Description Remark
Camera Logijcech C920 HD Prf) Webcam
resolution 1280 x 720 pixels / 30 fps
PC Intel i5-11500 processor, 8 GB RAM Desktop
Lighting et conroll
/0 Arduino UNO

Light controller A
—— Light source

.| i :
Camera ——pﬁ.i -
PC —
Darkroom
1111111
=04 L ° I
e JITIIIIT
Conveyor

Fig. 6 Hardware system for the proposed vision inspection
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Table 2 Comparison of Near-real-time and Pseudo-real-time

methods
Sample part name A B C D E
Holes 13 3 4 7 7
Gathering frames 15 15 15 15 15
Gathering time [ms]  993.0 986.6 993.6 9864 980.4

Processing time [ms] 1,975.4 438.0 755.6 1,003.0 1,121.6

Near-real-time FPS
(NFPS)

Pseudo-real-time FPS
(PFPS)

Ratio of NFPS/PFPS 3.0 1.4 1.8 2.0 2.1

15.1 152 151 152 153

5.1 10.5 8.6 7.5 7.1

NFPS = Gatherm.gfrc{mes )
Gathering time
PFPS = Gatherl‘ng tlme Gathermgfrarﬁes )
Gathering time + Processing time
3.3 4 &4

2 =EolA AR BlAl A %i*é% A3 S8k
= AFsAF 7 Al QA DAR] At
AR A 2'llE dAste] Akl sig 719 AA it o
goll b0l Ak FEuit 7] dAe YT 271 4A
e ZL FAo] grd IS oA, "ES omA W
7 2o g4 #Hx 9 7], &3 Wi o] 283t dAA
5, 5 GUIO| 3AJE v sfetu|e 2 4= o] ot ARsAt
A e A S8 2L w9 & AYE 250
4 FE& Moo WER o|Fstal, ol HIEE e}
AR HEo] Folen & HARE ARt o, &S vl
W& olgsto] ti AlES & 7k el gt e B
o B AAF Aol uhet AdAbs B 20
CZEs {A] uio] 4 dojus @A ofvER AR
nEoA 25 HAEES 8 L #A] e Femee o
*J AR Ve S5 deR TheA A AlE SRl £
+ A oR AP A EFol At mdllo] A s 1
of wet 24 HolHE WAk AR g3tk Fig 82
U AFEAF - Al A DARR] At 2helel] & =wollA
Nt HAluld AR AR mgolth

o Hu
o

oS ok ap
-

_F'

O

3.4 418 22t W D
33804 7148 vlek 2ol I AEARE AZYA DA

o] AgAatetelof] Ax|E vlHAIARo|A oF 374U SATE HE
570 mdllo]| thet HAFATS Fig. 99} Table 3] Uelwct. Fig

ayTE 9(dy7HA|e] BEE 2FF shEe] g ﬁ?alﬂ% 5
Folv, ()= At Agshe FFoltt. Table 39] & 7l

(a) Dark room and light controller ~ (b) Camera and light source

(c) PC and display (d) Car parts on conveyor

Fig. 8 Installation in the production line of automobile mechanical
parts

(c) RR (RR Assist Arm)

(e) TR (JF Trail Arm)

Fig. 9 Experimental result images of each model from the proposed
vision system
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Table 3 Experimental results of the proposed vision system

Part model name

(0\% PO RR AS TR
Holes 7 2 2 3 14
Count 2,968 2,311 2,945 8,067 1,236
OK 2,914 2,309 2,915 7,831 1,231
Bad 0 0 29 0 0
Missing 0 0 0 0 0
Overkill 0 0 1 169 0
Malfunction 54 2 0 67 5
Accuracy [%] 100.00  100.00  99.97 97.90  100.00

(c) Bad (Bottom hole)

(d) Overkill

(e) Malfunction (No part)

Fig. 10 Experimental result images of each case of RR (RR Assist
Arm) from the proposed vision system
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