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In recent vyears, with the development of industrial technology,
competition in the automotive industry has become fiercer, and consumers
have higher requirements for automobiles. The surface of the car is mostly
coated, and the quality of the coating is the consumers’ intuitive
evaluation of the quality of the car. At the same time, the coating can
improve the corrosion and oxidation resistance of automobiles, which is one
of the main measures to prolong the life of automobiles. Therefore, the
quality of coating can directly affect the market competitiveness of
automobile manufacturers, and defect detection of coating surfaces is a very
important work in the automobile manufacturing industry. In the process of
car manufacturing, some minor errors, such as foreign objects mixed in the
paint, dust in the air, etc., cause some bumps and dents on the surface of
the car coating. These defects cannot be completely detected, and every year
many cars are returned to the factory to repair, for this reason, causing
a lot of damage to the automobile company. In the automotive industry, the
detection of surface defects of automotive coatings is highly dependent on
human vision and experience. The car company will arrange for some
professional inspectors to inspect the coated car surface. However, the
inspector’ s vision and attention will be affected by long—term work in this

light environment. This manual defect detection method has many problems,



such as strong subjectivity, low stability, and low efficiency. Therefore,
an automatic defect detection method for coated surfaces is required.

Automatic defect detection of automotive coated surfaces is usually based
on the simulation of visual detection steps. There are three main steps:
First, you must create an environment that is easy to detect defects. Then,
collect the images. Finally, the defect is detected and identified by image
processing. In the captured image, there is a lot of interference on the
surface of the coating, which makes it difficult to detect. For example,
during the drying process of the coating, uneven fine lines will be formed
due to the drying speed and uniformity of the coating. These uneven, thin
lines cause the surface drawn in the image to produce a point that looks
like a cloud or orange peel. This is called the cloud or orange—-peel effect
and is not considered a defect. Because these noises reduce the accuracy
of automatic defect detection, it is necessary to remove these noises.

In this paper, the following studies have been done to remove the noise
from the detection results. First, a method based on brightness difference
to evaluate the difficulty of defect detection is presented. Using this
method, the area most prone to orange peel effects in images were determined
experimentally and statistically. Next, a method for automatically
exploring the optimal threshold value for image binarization is presented
to detect all possible candidates for defects. These candidates are filtered
through the distribution area of orange peel effect and the brightness
difference index to remove the noise. Finally, for the accuracy of detection
results, the results are further filtered by continuous frames.

Many common automatic detection methods are based on a single image.
Therefore, when noise is detected in the image, it is considered a defect,
which is a problem encountered by common methods. In order to further screen
for noise in defect candidates, some studies have proposed methods for
merging continuous images to enhance defect performance, but these methods
require the assistance of specific external equipment conditions. Other
studies use the detection results of the previous frame to infer the results
of the next frame and compare them with the actual results to determine
whether the defect is true or false. However, this method requires not only
a certain relative moving speed between the detected surface and the camera,
but also an unstable effect on the curved surface. This study presents a
new method based on continuous images. Specifically, many labels are
attached to the test vehicle to simulate defects, and the label coordinates

of each frame are captured and recorded. The results are then analyzed to



obtain the calibration reference lines. The track of defect candidates in
continuous images 1s compared with the calibration reference line to
determine whether it is qualified. The experimental results demonstrate
that, compared with the traditional method based on moving distance, the
proposed method has higher stability and less strict requirements for the
relative moving speed of the camera and detected surface. But this method
still has a serious shortcoming. When a new type of car is detected, its

calibration reference line needs to be retrieved.

wWXEBEERRRODETSE

AT, BBV EOBREmOXRMpZ BB T 5 AT A2 ELTWH. H
HEREORKMBTITIBREINTEY, AEHEOMEESCIER{LIEZ R LY, A
BEOHFMELEET ERTEOOLESTHD. —F T, MEHIITBELEIZE -
THEEME 2 EBICHHnT 5. BB REREOWETIE, BEHIEALTLREY
RZEQT DR EDORET, BEZROREIZWD DO REE R EDRMHAFEAT
5. ZHUHDOXRMIZERICITRBETET, BELZOENTIHITERA S, BE)
B KRERBELLHZ TS, RFRSUXLED &, USB U AT, /XY a v inbiE
HINTIEIZ A NORMEBRE S AT AEERELTCWA. @, Ko Ak
HEEZAMICEAEEREDO Y I 2L —Y g VIZESWTEY, =50 1EER
FIERH L. £F, RMGERE LT WREAERT 2LE S SH. RIT, B
FNET D, RBICHBLIERIZ IV RgERET 5. RE S E® TIE, Bk
REIZEZ DI/ AXRHY, MHEPKNETH S, Bl x1F, B THEEBRCE,
HWESCBBE DR — M7 EIC ko T, MiVfR, B, LYoo roh A X%
ELDH. ZuX, OFTALEMETR, RipEIFRRINRN. ZnbD /A X3H
FRMEHREOBEAZKTISEL20, oD /) A XE2RETIHILERDD. K
FLTIE, N0 A X2 N A MR TFEEZREEL WD, 7,
R Bfa s O R EEE A2 Rl T X A ELFRE T L HIEIC OV THEXLR T
L. ZOHEEZERNT, ERFTODPTUOREL K G2 TOTWViE AL ERY B
FOREIAICIRE LTV D, WIT, B Bk D= D L & VW E 4 B BRI
WRRT D HEEZREL, RoEMEzHBEEL TnD. REEAIEL, DT L8 EE
ZRBEOSHREIR L > TT 4V F ) 7 ENRD. K&, BREBROBELZ
HIZH ESED7-010, BEE7L—ACLVEMEFEE A NVZ ) 7T 5. FE
BRAE R, MESNEFEREOVEEZERTEDLEE2RLTWS. #ELE
BEFTET, BEIREEICE S MEREL R LT, o "X MEREL, 20k
7R EAM R FEIIMIEE B2,

KX OWERIZLLTO LBV TH 5.



1 EIIFmTHY, ZOMROERSCIVMEATWANE, BEmOXMKA
R ORMER, BETFEOMENRTLR SN TND.

W2 ETIE, KMEBRHEOBEFEEICE L CRRRENTWD. — KA E IR
WD FENZ R, BB EERT LRI ONTHEREL TS, £/2, &
M7 LT Y XAZEBNT, Y P REBRAEFEZRAT 2 FEZ T TIER<,
Fy—=T T == T ERAVWEFRELTZRENL TS

3 ETIE, BEFEDON—RUVZT VAT ALY T MU =2T VAT LIZOWN
TR L TWD. N=FRU 7 VAT AIZOWTIE, RERELHERICO VW TR
RENTWD., YT R U= T VAT AL, LTFTO =205 X0 #Ek S iTwn
L. (1) FIEEGIZI T 2 Kot « LED 4 82 O B.OEs o, #Hriz
7pfci B CBMERE R FiEEFIH L, KMEMEZmRE.  (2) fiEfIcs T oK
fafEmio 7 4 v 2 ) 7 ZLSEgORA, 3L E RGO 2R O 5 &
FIHLTCZ a2 7. (3) BB RMERE : vV 7 L—v a3 MU
FROVERR & e 2 B 8 L 7= RGO R IE.

B4 ETE, BETHEOADMEZBRIET 27O ORBRIZOVTIRAS LT

L. BAREE, 9, T 27— X L EMT — X OERIC OV T ST
Wb, I, InNbOT—2EFAL T, BETIEOXRMEMBEETIEE XoO
WEFEDOERERICOVWTEREINTWS., KEIZ, thoFiEE OHEBERD
ERIZOWVWTHEREN TS, Zh b OERKERIL, E%f@>1ﬁm%%£&tmab
TIRE LUl M BEERRETENMEMN THDL E WV IERERL TV,

%5 mETIE, fimE A koOE owfﬁmfwé ARG ST S AU72 K A
5@@EVX%A@ﬁ@%&ﬁ%¢ DNWTIH N, BEFIEOFSRMELZKRE, 7
FrLTuns.

Plb, KT HEOBEmOXGE AR T 5 AT 2 %28EL, 0
HHMEEAERAMEZTRLELDOTHY, A7 47 LESHESa L Ea—F BV a
DRIBIZHGETDHEZANRKTHD.

LT, KTt (L) OFimL s L TEMK &

RERXA (1HZEH)

Jing Zhang, Masaki Kikuta, Chao Zhang, Akiyoshi Ito, Kenichi Anmi, Yoichi
Matsui, Takuya Akashi, “Defect Inspection of Coated Automobile Roofs Using
a Single Camera”, IEEJ Transactions on Electrical and Electronic
Engineering, Vol.15, No.4, pp.616-625, 2020/1



