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A Layered Thickness Analysis System Based on
Image-Processing with Machine-Learning
Technologies for Polypropylene Co-extrusion Films
*Ming-Che Chen, Yi-Wen Chen

Department of Electronic Engineering, Southern Taiwan University of Science and Technology
Abstract

This study proposes a layered thickness analysis system for polypropylene (PP) co-extrusion protective films,
utilizing image processing and machine learning. The system comprises a 3D-printed film cross-section sampling
device, a digital microscope, and a back-end data analysis platform. The sampling device is used to obtain the
cross-section of the film, which is then imaged by the digital microscope. The back-end data analysis platform
consists of a layered thickness analysis module, a data visualization module, and a database module. The proposed
image processing with machine learning scheme accurately calculates the thickness and ratio of the film's base and
adhesive layers in the cross-section image. These results can be further presented through the data visualization
module and recorded in the database module. The experimental results show that the accuracy of the system has
reached 92%, achieving automatic analysis. This system can standardize and digitize the quality inspection process
for film products, shorten inspection time, and realize the digital transformation of product quality control.
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RepresentativeLines 82511

INPUT: L’ is a list of m line segments,
ie, L'=[l=((x1, y;1) (%2, ¥;2)) | j€0, 1, ..., m-1]
OUTPUT: Clusters is a list of g line segment clusters
i.e., Clusters=[C=[(l )vpeo,1, .., wa] | k€O, 1, ..., g-1]
01: Setjto 0, k to 0 and Count to 1
02: Create two empty lists Clusters and Means
03: Append an empty list C; to the end of Clusters
04: Insert [;into G,
05: Append x;, to the end of Means
06: WHILEj < m-1DO

07: IF | Means[k] - x;.1, | <dy, THEN

08: Insert /; into C;

09: Means[k] = Means[k]* Count + x;,1 1
10: Count = Count +1

11: Means[k] = Means[k]/ Count

12: ELSE

13: Append an empty list C;.; to the end of Clusters
14: Insert [,y into Gy

15: Append x,., ; to the end of Means
16: k=k+1

17: Count=1

18: END IF

19: j=i+1

20: END WHILE
21: RETURN Clusters

W 10 AGFE BT R SV 7 R B T B

INPUT: Clustersis a list of g line segment clusters
ie, Clusters=[C=[(l}vpe0,1, ... wal | k€O, 1, ..., g-1]
OUTPUT: AvgSlope, Avglntcpt and Avgx-intcpt are the lists of parameters for describing
the representative line segments of the line segments clusters
01: Create three empty lists AvgSlope, Avglntcpt and Avgx-intcpt
02: FORk=0,1,2, ..., g-1 DO

03: Initialize variables: SlopeSum = 0, IntcptSum = 0, xintcptSum =0, CntS =0, CntX =0
04: FOR p=0,1, 2, ..., length(C,)-1 DO

05: IF x,, # x,, THEN

06: CMYSI'OPL’ = (yp,Z - yﬂ,l)/(x;ni - Jcp,l)

07: SlopeSum = SlopeSum + CurSlope

08: Curlntcpt =y, - curSlope * x|

09: InteptSum = InteptSum + Curlntcpt

10: CntS=CntS+1

11: ELSE

12: x-intcpt = X1

13: xinteptSum = xintcptSum + x-intcpt

14: CntX =CntX+1

15: END IF

16: END FOR

17: IF CntS > 0THEN

18: Append SlopeSum /CntS to the end of AvgSlope
19: Append IntcptSuni/ CntS to the end of Avglntcpt
20: ELSE

21: Append None to the end of AvgSlope

22: Append None to the end of Avglntcpt

23: END IF

24: IF CntX > 0THEN

25: Append xinfcptSum/CntX to the end of Avgx-intept
26: ELSE

27: Append None to the end of Avgx-intcpt

28: END IF

29: END FOR

30: RETURN AvgSlope, Avgintcpt and Avgx-intept
W 11 AGFEPE A BRRE T R FA
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INPUT: AvgSlope, AvgIntcpt and Avgx-intcpt
OUTPUT: RepresentativeLinesis a list of representative line segments
i.e., RepresentativeLines =[RLi=((x; 1, yi1), (x12 112)) | k€O, 1, ..., length(AvgSlope)-1]
01: Create an empty list RepresentativeLines
02: FOR k=0, 1, 2, ..., length(AvgSlope)-1 DO
03: IF AvgSlope[k] is not None AND Avglntcpt[k] is not None THEN

04: Create a line segment I, with slope AvgSlope[k] and intercept Avglntcpt[k]
05: Append L, to the end of RepresentativeLines

06: ELSE

07: Append None to the end of RepresentativeLines

08: ENDIF

09: IF Avgx-intept[k] is not None THEN

10: Create a vertical line segment V; with x-intercept Avgx-intcpt[k]
11: IF RepresentativeLines[k] is not None THEN

12: Replace L; in RepresentativeLines with V,

13: ELSE

14: Append V; to the end of RepresentativeLines

15: END IF

16: ENDIF

17:END FOR

18: RETURN RepresentativeLines
W12 AWFTIEZ (CRRELEAT A

RepresentativeLines S5 TRt ik 25 4R EL 0 B 2 (RAEAREL (18 9(b)FI Ry RLi~RL4 ) > Fra&RERLIH 2 18 57 LA
frEf /e ~ Bl 2 (ARGE: (B x ShEREaR N ~ B RHIARGE:) KL ([ o)z RLEL RLy > 1
PEPZEMEEGE 2 5 BASIREEARGE (B 9b)BIZ RL ¥ RLs) - K T HEEN G
2o TG At R R R R AR B ARG E Z IRV F RV E 2 B B R E R 1 -
DT RATEE S EEER] - TR ARE R Z iR - 5 BGRMEED T - ELIRTERIS G R
GiliiEt
EEREET o ATE A TEREERE A2 > Bl

d(RL,, RL,) = le—cl )
vV a? + b?
where v,w € 0,1, ..., length(AvgSlope) — 1,
¢, = Avgintept|v], ¢, = Avgintcpt|(w], a = AvgSlope|v] = AvgSlope[w], andb = 1 3)

EARETEIA Ry PATER > AT SR M SR B RE R P A e AL B [ AR BT H P45

\/(xv,l - xw,l)z + (yv,l - yw,l)2 + \/(xv,z - xw,z)2 + (yv,Z - :VW,Z)Z
2 )

d(RL,, RL,) =

where v,w € 0,1, ...,length(AvgSlope) — 1, and AvgSlope[v] + AvgSlope[w] 4)

WIkE 9(e)FT  PReERARIA 2 JE L Ky d(RL1, RLs) > VEAEHVEA TEIEEA 2 40 > Bl d(RL1, RL2)ER d(RL1, RLs)
%Ebﬁgig‘]‘%ﬁ 2 \ZE.%EI%EE/\]%7M‘EE£EE TRBasel ‘E/—"ji TRBase2 ’ EU

d(RL1, RLy)
d(RL1, RLy)

IMVEFEMRLE G RN 2 46 > Bl d(RL2, RL4)%1 d(RLs, RLs) » HETT 2 SHVEAEHIEEM JBIETE S EE TRAanesiver
gii TRAdhesive2 ﬂ%?ﬁ”&ﬁ(‘")?%%ﬂ .

d(RLq,RL3)

TR =
Basel d(RLy, RLy)

-100%, and TRpqsey = -100% (5)

_ d(RLg,RLy) _ d(RL3,RLy)

TRaanesiver = gprar " 100%: and TRaanesivez = g~ 100% 6)
BRI TR I RS 2 (B B e HITEELL D) ERsEt &l 2 B e IR BigEE e IE 1

IE tt ’ ﬁD 9(c)ﬁﬁ‘7_|:\. TRBas‘eZ ‘E/—’ﬁ\‘ TRAdhexich {/'EEJ% tbﬁ”ﬁ%fﬁi@ﬁjZ%ﬁ% °



Begs 7 E R A 8 B 2 A 2023 4£9 /7 4557 54

B G RERA

TRImBIR AT 5 EZIAE T RS ~ BoRHE A S8R T LA H A ae 2w el
A0 13 Frose sy G R Tl B so G (8 APT> F DLBEUC B ] G LASH A (AR 2 (ReE ARk 2 (5
SNf PRI T AL DRt B o o JEE FEE S AT AT > 3T R R AR T 52 (R T A5 T AL F I FELE B - B iEEEAB LR
FIIEEL MySQL B2 » 007 2% (8 FIAZ S i > AR IS0 APT ~ ISR &5y APT ~ A BIR
SRR NSERE L AP~ IRSTRCAH/E A AP Bl anlH HEHL AP1 55 > (153 /g [2 R SISl BB 15 (b
MO > B MySQL BREANRIIA BB ~ e BIR Bk R R il an BRR A B
B R AZIIIBE ©

g LA e e A BE T ~ MR AE E T R R B B TR - AR
EHTBEATR I P G i S S ARG E PR IRE AR H G LR E /i - 8 A SIRSTE IR
B APL R RSERUH/ 17 A AP € MySQL ZORHE S ig A SRR AR » MR R B a1 Al
EFEAEEAFER et E B APT Z BERE AT - SR{E 2R R & i B AN B R
Z— (IR E 5 GRS TS T T M A BRI BRI R LIV BIR U 25 (R Ry
BRI SRR Z RIS R B 2 AL ) R PR R e R P o T R A S B T BAR (R i~ A
Pt EIR & ah APL K dnTH H S APL 3% MySQL B Ay AR I B B R Mhe S dn e R
Bt WO OREEAE ante B et - B E L FIhRE -

Ve TR R Ak

25 AP

WA BB

B B i
~ 7E 5L IE H E BEAPI MySQLE ¥
T EE & AP

Web-based #£:{ 5 i &
W 13 BIFEIE T B 24 E

- PHES

A7 B EAERT RER D R E I ATHREIER FIRME MR T 2 0T R 2R - EMERERE
mn B AN B AN TSR Z LEEE  (ERaP i A S S IR 2 (12 - EBREA 2 W B B AT a8 )
AR R EE E - ST 6 TR [FIRAS  Efg HIE BR R R an ME A TR » S DABS (U BRI A 124 5R
400 ERAZ PREERREIR RS - BB FUTHE RS E N B AN TARMELECk o L] - DB RaER Ty
e I RE Sy Wit 2 o A G SR AMEFTERHER -

TR E ot ORTE R 7 & R S A i ) 2 A (51 6 o 2 a5 SRS HE AT LR » B BB LUE iRk
AUD30A FEAmHUEE 31 sROREREA T — 25 TR MHEEm A E R s E AR AN Tl - #EE
JERESEE Ry 99%6~17% - W03 1 B » Pra&RERI S AT =T FIEIRIRBIE mu BT EERIE do T EEER
BN Tz @88 aR72 (E) > AIRIE mo sk 5 8150 (du[FEy 1) BIGRIET > BUNY mun (B A REFES
ERHISUERHIARER - SRS BVE R B AR S I I RIARSG SRR IE =S SEH



PBRESET S R T FEF S B8 B 2 A 2023 4£9 7 4557 55

F 1 EEEGARRAE R, AUD30A S5 2

it AL
:[ =

ERESE B ma da ggrﬁ g; E<=0% E<=1% E<=2% E<=3% E>4%
)X
(umm) EH

9% 10 3 9 10 10 0

13% 6 3 6 6 6 0

< 14% 9 4 7 8 9 0

15% 4 3 3 3 4 0

16% 1 1 ) ) ) 0

17% ] 1 ) ) ) 0

EE 484%  83.9%  93.5%  100% 0%

9% 10 2 8 10 10 0

13% 6 2 5 6 6 0

o 1% 9 4 7 9 9 0

AUD30A 30 15% 4 1 2 2 3 )

16% 1 0 ) ] ] 0

17% 1 0 0 ) ) 0

HE 51 29%  742%  93.5%  96.8%  32%

9% 10 1 3 6 7 3

13% 6 2 3 3 6 0

w© 14% 9 1 5 7 7 2

15% 4 1 2 4 4 0

16% ) ] ) | ] 0

17% ) 0 0 0 0 )

HE 194%  452%  67.7%  80.6%  19.4%

N TR R AEAT - ML E<=39¢ {ERIESY » mu=50/ du=1 WHEMRIET > 6 SREEAR (4915 19.4%)
AR ARIEE R SEE - 55— 07 » & da st R 1BLS (ma [F 5 5) BURIET » BUNY du (B
CREGOEHERBRHEE - (E15 ma=5/ds=1 HSHER D HIRE 8 EE S EEE A TR RAHAT - B4
aREHIEE E<=39% DI - AHERET HRAEIEE -

BEEREAE 6 BT =2 mu, B2 dy S2HECE T Z BN Theofll 2 LEEL - S5 RDITEREI 23 - 40
14 FfoR > Het ma=5/dy=5 BIESGE T (EEmMSESE BEM60A BRI MME (XE 14(d)2 5=
&) 10 REEARE A Tha IR RAGE E<=39%% DI © 55— J7H > ma=5/dy=1 BIESGE T » Emim5k
AUD30A ~ CI60B BAEAF AT MIERENE (A5 14(a)8E 14(b) ZEELR) > [I{E BIC40A FEMLEEA E - ffll
TIE E<=39%6 DINETYE ma=5/dy=5 Z AR (ERERY mu=50/dy=1 ZHEEER ) 1£ E>3% Z
& mm=5/dy=1 B mp=5/dy=5 WHSEZWGEREE (WE 14(c) 2 =R BEEGRER ) > /£ GCC60A
FEanERA b RIRIERB Y ma=50 Bl dy=1 ZJGEEER - B+ (AIE 14(e) Z s8R BEE AR
E<=3% &) - 1F JR40C Ehn b » Al ma=50 Bl dy=1 ZAIERES SR B TAg RIS S R tHAT - 1T
mp=5 Bl dy=1 ZHFEEFRKZ (A0E 14OF7R) °

HEEDL LB > 42 EECERIET > DL ma=S B dy=1 RAESCERT 6 M 2 ol ik
R BRI S - A BE 15 AVERETLEGE R T HIOES R - PR > ma=5 B dy=1 RIF T
REBGREAT 8500 MBI ARG REL N TR M Z BR221E E<=3% LT 92% MIEUEEA e ISE REBLA
ThalZ 3R7AE E<=59% DAIT  EUREEAFNZRETTREN - AUFEATie 2 g BRI o1
P A ETRE rT SEAVRRAIRCR -



PBRESET S R T FEF S B8 B 2 A 2023 4£9 7 4557 56

AUD30A(315) CI60B(217)

100.00% - 100.00% y

90.00% 90.00% I

§0.00% 50.00%
= 70.00% _ 70.00% /
£ s0.00%  60.00%
“: 50.00% = s0.00%
f 40.00% —(51) =55} ——(50.1) = s0.00% —(5,1)  =—(5,5) (50,1)
£ 30.00% = 30.00%

20.00% 20.00%

10.00% 1000%

0.00%

ESSEREEEELS 0.00%

h 3
(a) AUD30A(31 5E) (b)CI608B(21 5E)

BIC40A(215F) BEMGOA(105#)
100.00% 100.00%
90.00% ﬂ—r 90.00% ,-
s0.00% | 80.00%
= 70.00% — 70.00%
= B
T 60.00% = 60.00%
fr 50.00% f: 50.00%
 a0.00% % 20.00%
- —(51) —(55 50,1 & —(5,1) (5, \
30.00% 151) —(55) —(50) £ 30.00% {5,1) ===(55) “==(50,1)
20.00%
10.00%

]
(c)BIC40A(21 3E) (d)BEM60A(10 3E)

GCCE0A(107) JR40C(315)

|

—(51) —(5,5) (50,1) v —(51) —I(5,5) (50,1)

(e)GCC60A(10 2E)
W 14 Fr/EZ (REER 7 /G B/ 7 P iEHI N TR I 6 FE [ AL B R A R i 1% .2 f e 2 LT

R

AWTFEEE T — BRI AR PG R IR IR D B R L 0T 24 » 3 A SEE S GR B R TR R &
P BT o BEA U e I R RE o) T R NI EE B AHRBH R - AN - AWM R ImEdS P&
BTG BIRETIE 20 0 - DUBHECRERE RSy JEE S g A1 > M AR Ry s E B K
fEftHER RS EEE TR - BERGEREN - AUTStFreth i ARSI AR T PR A L BT 7y
JEIEFEBAEER] - BLE R BRGERARLE - FERAE T ETHIE Ky <3% fRfF T - AEHEEEE 859 - MAE <5% %
T o AEREREEEE] 92% - BIRATJTAMEL - AR A E BT A BRIIESEIGE > FIREREIT
b AR EEZEAREASUt R E RS - B E E RS BT - ZEE] )RR AT
REEFRIRGRIERIGMIE A > RAKHTERARITE B B R AN B s B I BIER TN 7% - DURE T
BER o BEAD - W FEA AR AR A TR A SRR Sy R R AR o DU e 2T BRIREK © FIET
RIGER AP S ERERAE— D (L DIESR S S EAREAVAEST - &7 LRl > AWoepTiE i ireE



PBRESET S R T FEF S B8 B 2 A 2023 4£9 7 4557 57

R 53 S IR L 3 AT 7 7R Ry R BRI I AR FE B (88 T —(E B A H AR TR - KRR IR E =K

U

ERIFhERZ 75 DR E RS R iy S8 e Bl A -
efF fRiERE (1245 HEFE )
100% —
90%
80%
= 70%
=
N 60%
£ chg
i 50%
:lpr_(
Ang 0,
& o (5.1) (5.5) (50,1)
lj‘TT' e (5,1 5,5 50,1
= 30%
20%
10%
0% o o o 15 15 we i i 1 a8 a5 aE a8 a8 8 AT AT AT a8 a8 a8 aE e aE a8 a8 a8 a8 e e e s e e
R R - R R R R R
L L T T B R B o VI ot B o VI s B o o I o> B < T~ - o N i W Ww W W W M~ M~ M~ 00 0000 Oy
A\ A\ A\ A\ 1) n 1) 1) 1) n 1) 1) n n 1 n n n n n n n n n n n n 1] 1] 1] 1) 1} 1) 1)
B v Y Y Y Y VY Y Y Y Y Y Y YWY Y Y Y Y Y Y Y Y Y Y Y Y

e tlER ==
W 1S 6 FEEE LTI R i A fR AR A B A L

34 0

[1]

[2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

gegllid  (2021/7/8) - IEHBR mUEET I B Y - BB G T EFEEAG-EEEXET
#] - https://www.ttpia.org.tw/zh-tw/communication/2/36?=7

REBBFEMERODARAE () - LFEREBENBEBEN [(REBRELTHE] -
https://www.hico.com.tw/%E4%BF%9D%E8%AD%B7%E8%86%9C%E7%94%A2%E5%93%81%E4%

BB%8B%E7%B4%B9

Ghumman, B.S. (2005). 4 study of the factors effecting layer thickness uniformity and layer breakup in

microlayered coextruded films (ProQuest Dissertations and Theses). University of Massachusetts Lowell.
Tzeng, G.C., & Chen, R.H. (2014). On flow layer uniformity in the co-extrusion of polymer multilayer film.
Adv. Mater. Res., 939, 381-387.

Guan, L., Ding, J., Du, L., Adhikari, A., & Asundi, A.K. (2017). Spectroscopic imaging ellipsometry for thin
film detection on uniaxial crystal. Fifth International Conference on Optical and Photonics Engineering,
Singapore.

Szeliski, R. (2022). Computer vision: Algorithms and Applications (2" ed,). Springer Science & Business
Media.

Canny, J. (1986). A computational approach to edge detection. IEEE Trans. Pattern Anal. Mach. Intell., 6,
679-698.

OpenCV-Python Tutorials (2016). Hough line transform. https://opencv24-python-tutorials.readthedocs.io/
en/latest/py _tutorials/py_imgproc/py_houghlines/py houghlines.html

Murtagh, F., & Contreras, P. (2012). Algorithms for hierarchical clustering: an overview. Wiley Interdiscip.
Rev.: Data Min. Knowl. Discov., 2(1), 86-97.



