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Fig.1 Flowchart of threshold iteration algorithm
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Fig.2 Flowchart of contour skeleton algorithm

e R N VDB 0 o R R MO 25 % AR
SRR BROY BT B 8 1 Ok A R B
ARETRLARVE B N B B RS FEC MR . 5k
>R ] Canny 55 () 5 56 B JR 08018 ) 41 i PR 45 e e

5 R IR R R R B A DX SR AT HE R AR S, FEAR AR
J¥ 5 MR T 45 AT 5 4 B 23 IX 3G E AT 5 R D) [
BisE, BT, SRR R AR AR R BN
WA L, BOA G A BN Oy IR 8

GNEE— S B BT S IR (D)
D=2/(x—x)"+(Gy—y) (1)

Xt R A D AT G, 19 3 B R BB B (D) |, 1%
iR IR S WA SR P = ay N o ) R R D
Lo LAz R B, AGE TR L (A D oM EL
[, HEAT A KR T . 25 78 A 5 5
rh R 2% X — B AR 1 [RDE DX 3k, 78 80 % X 3k o 4k
L SRR R NYIRL, B 2D, /N T HE b
1o SR YIEIE L AR B B R

MR K A5 BT R K -means B 2R H LA
B REMRILA . BRI E &M R R
IR L7 &1 3 U (B AR R kA B0 25, AR
i R R T AR &= A R R AR R S
(B 0 .40 3] 430 0o o5 %) R 5, ) 7 e /N B
B W /N R RS AU SIS S IR AN B B T A
MR o Y20 PR 0 AR BT 0 5 8% B B i SR8 B
o 1y Lo (3R B S8 s B ) 19 25 1/

TUE fEI i W AR R e O e A dse /5
BB R G AR, FRKE BT A B T
HFE, ARG BB . SEUTBLL > SR,
iR . K-means R ISEIL R AN E 477 .

HRED, 5
KPR A

WD (=D, ) HHA
RN DI, I
KBRIZIF

ma;

TN
FiwN RG]

AS

ARG
B3 mANVIEEZRE

Fig.3 Flowchart of maximum inscribed circle algorithm
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Fig.4 Flowchart of K-means clustering algorithm
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Fig.5 Electron micrographs of carbon black
aggregate morphologies
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Fig. 6 Statistical results of carbon black particle
size distributions
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Fig.7 Threshold segmentation graphs of carbon black
aggregates after background processing
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Fig.8 Fitting graphs of carbon black aggregates by

contour skeleton algorithm
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Fig.10 Fitting graphs of carbon black aggregates by
K-means clustering algorithm
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Fitting Algorithm of Microstructure Image of Carbon Black Reinforced
Rubber Composites

HE Hong,CHEN Zengyun,ZHANG Yaru,ZHANG Yishen,ZHANG Liqun,LI Fanzhu
(Beijing University of Chemical Technology , Beijing 100029, China)

Abstract: Carbon black aggregates were considered to be composed of multiple circular primary
particles,and the morphology of carbon black aggregates in rubber composites was analyzed by image fitting.
Based on the microstructure image of carbon black reinforced rubber composites, three fitting algorithms,
contour skeleton algorithm, maximum inscribed circle algorithm and K-means clustering algorithm to deal
with carbon black aggregate morphology were studied based on using image segmentation and threshold
iteration and other methods to handle image background defects. The image fitting effects were evaluated
by two indicators of peak signal-to-noise ratio (PSNR) and structural similarity (SSIM) . The results showed
that the contour skeleton algorithm had the best effect in fitting the morphology of carbon black aggregates,
and it was more suitable for describing the morphology of carbon black aggregates in the microstructure
reconstruction of carbon black reinforced rubber composites.

Key words: rubber composite; carbon black reinforcing; carbon black aggregate; microstructure ; image

processing; fitting algorithm ; contour skeleton algorithm; PSNR ; SSIM





