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Application of the Non-linear Registration Technique to Industrial

Product Inspection

Naoki FUSE and Takao YUTO

Synopsis

Pattern matching processing and the subtraction technique are frequently used as an inspection method by image processing.
The pattern matching process is for determining the degree of coincidence of images with reference to common features in the
inspection image, and is used for image alignment or the like. On the other hand, the subtraction technique is a method of
extracting different portions of an image by difference between inspection images, and is intended to detect defects.

However, in practice, particularly in the case of image inspection of three-dimensional complex-shaped workpieces, if image
processing is carried out with positional deviations and individual differences of workpieces, defect detection performance is
reduced due to deterioration of alignment accuracy.

The following effects were obtained by applying the non-linear registration technique already used in medical radiography
inspection to image inspection of industrial products as a method to eliminate the influence of such positional deviation of work

and individual differences in dimensions.

(1) It has become possible to perform highly accurate positioning compared to linear registration.
(2) In image inspection, misalignment with the reference image is improved, and false detection of defects is reduced.
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Table 1. Defect type.

Catergory Defect type Figure

Blow hole, Shrinkage hole

Internal defect Sand inclusion , Misrun

Fig. 2
Convex, Concave, Burr,

Surface defect Pin hole

2. 3 WEREZ(LIETH

T/H TEWERFEDAHIET RO MK, ), e
M7 & OFE LHHE T HE 7 K IR b £ e TG %12
WE SN0, TS EEEMECHRIEIZITETL
4L LRWEETHL. Lizh-> T, WishEzr HE
MAEOEEXRZ L THILIITHETH LA, FHEHLITE
2RI H21EE K-> CLE ). 22T, AL
Hiy%, MAttkseo%ee l, B e TREE Chl e
B) &L (Fig.3), UWTFoDX)%art 7 MIHEDERH
FEh DT

Defect type Radio graph images Defect type CCD camera images
Sand inclusion ,
(Sand mark) Pin hole
Internal Surface
defects defects
Concave
Blow hole/
Shrinkage hole
Burr
(inside hole)

Fig. 2. Example of defects in T/H.
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Fig. 5. Non-linear registration using radiographs of human body.
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Fig. 6. Flowchart for detecting defects with Non-linear registration technique.



Bt ok > AL i A DBl 0 TSR B~ 0 B HRE 49

Reference image Inspection image

T O Y S S -—i
\

.| Template image

|

=-==1

[
—> Search
|

\!_ N

Template Images \.

|
illlliﬂfmilll|

FEE =N
| :H I Searching ROI

Fig. 7. Discription of local matching.
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Fig. 8. Identification of displacement vector quantity.
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Fig. 9. Difference between linear and Non-linear registration.
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Fig. 11. Edge extraction with Non-linear registration

image.

Table 2. Achieved Performance by Non-linear registration.

Achieved performance

Number
Registration | CYerooking of
rgethod Serious| Minor |Overdetection| samples
defects | defects

Linear — o
registration | ° 7 =8/image s
Non-linear o
registration | © 0 =3/image

Subtraction images

Defect type

After linear registration After Non-linear registration

Sand inclusion
(sand mark)

Blow hole/
Shrinkage hole

Circle - Real defects, Dotted circle : Overdetection

Fig. 10. Detecting defects after subtracting images.

5. 2H%EZIV MFA LA

AL E A DR B XN — B 7 = 7 OYEREI K
FT2500, a78H4, AL v N8 ®D CPU % i
L72E, BEXZF20sec/ MTHo72, L7z ->T, R
ot Ersd 7§k & 7~ & 4 2103145 30 sec/ ¥ LA
WEZRY) LMo BEL-TEEZS.

6. #& T
T/H ONERR M % 612, TEEE~OIERIEAE
GbEfMiEEAL, DTo L) 2R ENELNT .
(1) FIEALE S DR TERE R A ERO D HE
Lotz
(2) BEMAIZB VT, ARG L OME T UE
SN, REGOBRH DML S L7z



7. BBHUIC

WE4 o AT B ORI X ) AED X BB E T O S
HEz, BEOHBEE DT =T 77— 7 TH
Wi 2 F b EME SN TwE, KFEFICONTH
TA—T IV TICEBMAEE SR NI A LTARL
Wy,

(cwik, 51H)

1) KRIFFEER F—2s_=2
http://www.daidoseimitu.co.jp/

2) KIFVEEERIAER & — L _—2
https://www.daido.co.jp/

3) A.Kano, K.Doi, H.MacMahon, D.D.Hassell and
M. L. Giger: Med Phys., 21(1994 Mar), 453.

4) Res, g, JRCEVE, BSHMIL, R EAE R,
YNGR, AR, RHEMHEE, #REZ: MSSH#,
13(2001), 24.

5) Wit HARKA RS BRI A s ks | 25
(2002), 2, 24.

Bt ek > AL i & DBl 0 T3¢

1) O
Bih

e



