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In the case of shoe midsoles produced through a foam mold process, shape
differences occur even between the same parts owing to the characteristics of
the production method. Thus, the automation of shoe manufacturing is
hindered. To solve this problem and register, the non-rigid registration that

allows stretching can be used. To implement the matching algorithm,
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approximate matching using the second moment of inertia and precise
matching using MBA(multi-level B-spline approximation) are used. In
particular, we propose the method of repeatedly performing low-resolution
MBA to minimize the impact of noise. Finally, the registration error and

required time are measured to determine whether the algorithm is suitable for

3D scan

Automated process

use in real-time processes.
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Fig. 3 Scan data and template data for three cases
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Fig. 5 Principal axis and cartesian coordinate system
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Table 1 Comparison of errors of rough registration result

Bounding box algorithm Proposed algorithm
[mm’] [mm’]
Case 1 5.8869 1.5860
Case 2 7.0358 3.8110
Case 3 10.1492 9.1388

Table 1141 Fig. 69 Al 71 dolelol s} %A 4t 3
3} o) T BHE WEE AEYL U oFf % Hwst
96k 5h et 25 3| 9 olzr A
 AYE oG
Gl ol HFE e o) T BA=E el A
EXo] H9um AGH wo|zo] A A HelA
ujol .

b -

3. 3x13l =4 CfolE{2|

3y

ek (fine registration) TY
AFeH ApAlet f12joll 1 272
Al BRI IAdoltt. AUt ok F1g 73} ol 3
(rigid registration)®} B34 A3 (non-rigid registration) .2 -

OlUl

o&

Bl 7 Agre 43S 4afst u] PYsho| =3t 3 -0 E
Agsle A0, T oz} 79 At gom 2 et

whAgsict,. Wol ARES= 71—;24] Ast WhHog L ICP(iterative
closest points) 3ol Y. v 7] AT 74 At g
A3 FAoA AE#F A (stretching) S E4Isto] tlo|E 9] HEjS
FEACR HPAFHA HF F31 dlofelo] BAAT|E Aol
th. o] W& ARESH T TlolEE SIS AN 4 AR,
w027} EAsHe A9 ol Z7HE Wb BAP} WA,
tiZel B9 el A= 7ldEe 212, tiAl=2] B/d(look-see)

L 2232 Yxuz MY A| XJHQ] o= ulelriA|
&= Aol & dtolAE olF 98 MBA 71HE 383

HE OO v
HIgA A3 dadlgs At

}O

T

3.1 MBA 7|
AJHQ ol 2t A7 2FoHAN AAH BHS FETH:

2EHA A¥S FHS7] Y8 MBA(multilevel B-spline

approximation) 7]%Flg o]&3ttt. MBA 7|Wol#t ZHAH
(target point)o] EwtAsHA EojA IS o D ol& HXHES Al

£, @ REge FuE Y= ol weolxl Adke
z = f(z,y) Behe §42 BE (2, y) Mol taf » &ol&
AR 4 A Bk wiEbA o] 224 Foll digt 242



Journal of the Korean Society of Manufacturing Technology Engineers 32:6 (2023) 349~356

(a) Rigid registration result  (b) Non-rigid registration result

Fig. 7 Result of two types of fine registration
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(b) Resolution level 3 (c) Resolution level 4

(e) Resolution level 6

(d) Resolution level 5
Fig. 9 Shape difference of MBA according to resolution
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(a) Scan data for case 1 (b) Template data for case
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(e) Scan data for case 2
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(i) Scan data for case 3

(f) Template

(j) Template data for case 3
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data for case 2

(c) Rough registration result
for case 1

(d) Fine registration result
for case 1

(g) Rough registration result
for case 2

(h) Fine registration result
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(k) Rough registration
result for case 3

(1) Fine registration result
for rase 3

Fig. 11 Non-rigid registration results
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Table 2 Emor and time for 3D curve registration

Average error [mm)] Average time [sec]
Case 1 0.3706 0.21247
Case 2 0.8365 0.58360
Case 3 0.9224 0.37776
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