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Abstract: In order to improve the efficiency of searching for the local minimum of edge features along an active
contour (AC), and to speed up the segmentation of ferrographic images, a novel method is proposed based on the edge
feature assessment and the evolution control of the AC. Firstly, the edge indicator (EI) function is calculated according
to vector-valued images, and based on the calculation, the corresponding edge indicator field (EIF) is constructed for the
active contour model (ACM) with more distinctive edge features. Secondly, an unscented Kalman filter of the AC’s EI is
designed, and the filter is used to track and assess the AC’s edge features. Finally, based on the tracking and assessment
process, the AC’s model parameters are adjusted to control the evolution of the AC adaptively. The parameters adjustment
ensures that the ACM has different parameter setting in different image regions. Experimental results demonstrate that the
proposed method significantly increase the convergence rate and control flexibility of active contour evolution model. And
the application to ferrographic images shows the algorithm can accurately segment wear particles of different shapes. It not
only avoids the leakage in weak image edges but also effectively removals false foreground, interference and noise.
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Fig. 1 Comparing of two different EIF algorithms
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ur, GACOIEAY. 78R F1 32 73 /K P8 T GACHI 2L
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Fig. 2 Algorithm of adaptive tuning level set evolution
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ferrographical image segmentation)
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4.1 IEF BSR4 #(Segmentation of normal

wear particles)
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frﬁ:jrll L BB T BRI, S5,
T K FEKFit /£ UKF, ATLSE/) ) #% %Ebutﬂ
A Bini gk, I BT R fE B R kAR IR B /D, 1%

13 a8 TUHAIZY S50 B B .

K]4-572 ATLSE 73 71l K F A [R5 HE BRI 22 K P
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Fig. 3 Evolution comparing of two kinds of curves for the

segmentation of normal particles
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Fig. 5 Observation and estimation of state variables in EKF
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4.2 HEIE & B 45 B ki ) 7 #| (Segmentation of
abnormal wear particles)

BRI MR FI1F H 29 T PR BB HUIRES, X
AN EE R, 0 AF IEH B RL A 25070 F il A5 5 N
B N LR AR IE R BRI T 73 F1 EE AT
5.

WS 7, T8 Ak i R AEC TR BB RLIK) PR 50 Hh it 381 2%
BTG H AR, 7RI R Hh 582 EME Z 6 N R
BB H(AL, o, BB, TyIZHTHE KB,
AR NKEANA TR A R, PRI S 300 L Ve e
P Hhr 8% . DRLSESE AL AR, 2 2
JER5), IZ UL ISR BRI ET H AR I S i
WK, BITRAS 7 BRI L. B2, FERSRL T
Ui ) L AR I Tl SRS TR S XK.

EFTR, FUREE T RSB I & G R LA
V22 411/ B 150 BE AL, 2500 BR03k ob  THA R) A E $



6

RS THENFCE A AR B B I RN 837

NAORE, EAMLRERS AN H A5 KL (<KD, T HLRE
i S I K i AR OK T 40 B R, A 2% 1) i 2R T
L)HEAN & 7 Hbr%CE. DRLSES 2 BAA B RE A th
B R B R B 2 SR, JF BAE DR
SRl L T ORE PR R TG AR

a. VI B KL 2R R 08
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Fig. 8 Evolution comparing of two kinds of curves for

the segmentation of cutting wear particle
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Fig. 9 Evolution comparing of two kinds of curves for the

segmentation of metal alloy particles
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Fig. 10 Evolution comparing of two kinds of curves for the

segmentation of adhesive wear particle

4.3 Bt E G 5 BEH (Segmentation evaluation
of ferrographical images )
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P 0 58 BB R 4 1. 3K L ) B 43S i @R DA B AN
Xk vl AR A TR 2 1) o6 43 28 Il R/, BRI (B
K0 S o0 2K L o0 B 7 K45 RS 1S GT
(ground truth, T~ bR E) B4 LT, wIH B X 8 45
A UL R4FF: TP(true positive), FP(false positive), FN
(false negative) FITN(true negative). ‘& 1) B AK 2 X
prEgita e Xk

&1 Sk RES# (0 R) AL ME R L

Table 1 Definition of ferro-image segmentation and its

coloring
AR EIHE ML (T LhRE)
SrEIER
BERL Bt
BRI TP(4Lt8) FP(4ih)
R FN(# ) TN(HE )

k) 2 sk BRI AEAR

Table 2 Metrics of evaluation for ferro-image

segmentation
By S TR
K| Z (detection rate, DR) TP/(TP+EN)
K LR (precision rate, PR) TP/ (TP+FP)
JAS 2 (false negative rate, FNR) FN/(TP+FN)
1545 % (false alarm rate, FAR) FP/(TP+FP)
HERfE (accuracy) TP/ (TP+FP+FN)

VLR PR SR A SR ARS8, A p T LB
A PIATLSESRIEG BRI SN2 ARE 4L, BIELSE
fRIERL. TIDRLSERGEAR) 7 B2 Kb L TR 2 it



838 a8 it 5 N M 35 %

FILRELBCR, HIRARE 11072 X, 43I0 AR R AT B
DB 9 T 2 BT, 225 T S EACR
R R0

(a) IEH BERLS #1455 545 € (GT, ATLSE, DRLSE)

l . .
) =
c

(c) A& BEFLs) #4555 € (GT, ATLSE, DRLSE)

"W

(d) & B R B 25 b 8 (GT, ATLSE, DRLSE)

B 11 AR IR R 545 RbRE
Fig. 11 Labeling of segmentation results of abnormal wear

particles
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Table 3 Comparing of metrics of segmentation
evaluation for ATLSE and DRLSE

BRI Hyk DR PR FNR  FAR  Accuracy

» ATLSE 0.8288 0.9869 0.1712 0.0131
I DRLSE 0.8098 0.9970 0.1902 0.0030

.~ ATLSE 0.8943 0.9758 0.1057 0.0242
gLl DRLSE 0.8748 0.9776 0.1252 0.0224
ATLSE 0.9301 0.9783 0.0699 0.0217
DRLSE 0.7865 0.9889 0.2135 0.0111
o ATLSE 0.8483 0.9624 0.1517 0.0376
e DRLSE 0.8781 0.5949 0.1219 0.4051

0.8198
0.8078
0.8749
0.8576
09113
0.7797
0.8210
0.5496

oy
e

5 458 (Conclusions)

BT BB BT, B T — R TSR]
R R0V B R AR ) B L 7y B B0, A SEIL 1 %o B
RLAHER AT i R 3 3. ARSI R B TAR A Tk

FELATN LA 88—, 32t FHEIFRAL KR 1L GORFAE,
Bt 7T ZES O EIFTH S 5, 3, BT
KT B R AT 9 70 A, B0 T AR R [ 4%
2L, sl 7RI f R 25 =, AT ENE
MTUKFRRSE T T /KPR GARHE TN 7, IF
BT IR I T AR AL I R T o N R R 2
M5k BT UL ETAR, it 7 — B BN A
BRI B, ﬁﬁkﬂﬂ;&@ﬁﬂﬁ?f@iﬁ’]_ﬂﬂ
PLESER U I 1 St I SR 1 BN HERRE: f
7 2oy 1 H 990 S G 1 it 2RI AL AL S e
I JE S 1 AR X I iR Aer. 5 BRI, SRR
T ARSI = T FIEPATRCR.
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