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Multi-feature fusion based method for monitoring

working status of instruments
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Abstract: To overcome the non-robustness of status detection using single feature, a multi-fusion based
method is proposed to monitor the working status of instruments. Constraint equations are derived to
improve the original circle detection algorithm, which based on right triangles inscribed in a circle.
The fuzzy confidence of each feature is taken as model input, a Series and Parallel Combined Structure
Model (SPCSM) is proposed. The SPCSM decides the state of working indicator of an instrument
according to the comprehensive confidence obtained from the global fusion center. Experiments on
electron probe (NO. EMX-SM7) show that the proposed algorithm can execute online monitoring task
accurately and reliably in a varying environment.
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Fig. 1 Schematic diagram of circle detection

ABE rar e R e << r < gy S XHBTE =R
T AT S 2 R
| Xp— Xu |+ Yo —Ya | <2np (D
| Xoo — Xai | = 27rr (2)
Yo — Ya | = 2rr 3
3% = AT 30 2 20 (1D (2) (DO iy — T3,
W) SO TE s A AE , Bl = B A b S BR
Ve = M . BJa R R0 4 1 0 ik = A B oK
T 2 50 4 2 58 R 0[5 0 AR s
K T (4 — R AN iR B e R e A A
TEFE MG B 45 P AR AN AT 5 SR (e 18], Ty 5k T
(52 P 22 T = A T 1 (B0 RGeS ik AR T B AR
B 52 2% -5 T 538 530 i 30 I i I 260 ) o i 11
HE— G REAR T B 45 W T i I A .
1.2 #=RCAL
Sy 3k G HE PR 5 D JE DL K DG 2k B =R 1 )
M ARS8 7R KT R AT R AE S bR i, B0 R 75
RS 7R KT B9 R J7 38 I LA R AE B SR 1Y
FRic o XTREAE s FEATFR 10 AT LS sk 2480 X ) Y
TR E 53 ATE 5 2 5 5 T R A A DG T2 A iy v R
WCER R 1K/ W X H 8RR T, K/
K w X h DUASEAR DG JE AR R B4 00 5 Ay
R(x,y) =
Z’[Tu’,y’) s Izt 2 y+ 3]

Y
Y%
Y
Y%

JZT (o3 e 20T Gt 2l vy+ 3’

4)

A, 2 =01, w— 13y = 0,1, h— 13
RCx,y) HRICHZh
1.3 BF=EEE

AL LLSR B, DE B 1Y 07 3 60 IR 28 38 75 KT B IR
A TEATRE I, 5 2 1 30 LA A I B A7 AE 4T )
AN T RS R T RS T 2
LAY IF AN 42 5 8 1Y B R AIE L T2 58 AR
BB 58 B I T HRR e 0 47 A6 0 T
L P AT SEAG I L 9256 K PR, b B R ST ) A
P AT LA e b DX 0 4 7 T 5 K B I RIS, TR
AR SO 8 L 5 B B A R Y Ik AT B A
(i) DG FC o RJY [ Ao i BT — ot P21 % 1% €2, 3080 R 55 B
fiE o Ak 1 — 25 R RS 0 W

2 ZNFOEELG R

F B R A RO AU — PR B A R
R AR SOR I Z2 R IR B 8907 1 258 D SRR 24X



% 2 i Bk FR

F 4B AFE T EREEDN S o 547

ar R BT R AT T IR A
ESREAR VT C | (5% 25 [a] VT e AH B, B R DU T
XF B DB R AR 247 € A, A E RS S
PLEWIE IR G . 25 A %ﬂ)ﬁ?ﬁ]#ﬂfﬁﬂ{A CR i)
Pl g0, A ST 4R R T BKOIR A 45 B AR
(SPCSMD) , # B v 4 & 457 T A Ja 6 fil & b 0
(Local fusion center, LFC) fl 4 /4 .0
(Global fusion center, GFC), R H 4 451k & /)
FRORY) B A BE AR DR A i A
G a5 R e R’ 2 iR, Ho
{S/(D | t=1,--. M) J% i KRG P EBATE %
FRAE S RO A5 B A Ao s (HL.(D | 1= 1,
M} (S (D) | 1= 1, -+, M} G35l 2238 X5 7 Jay 5 i
G HERRR AR (P(D | t=1,,N} }y
B 1 ORGSO AT S5 M 25 4R IR S BOR AR R Y
A i 5 4% AR B G it 42 Jmy il b i HE R A AT
KPR A58 Jo (D,

S| S| e Sud) Pi(i)
Pa(i)
ESIEIEE P
Pa(i)
”lmw D) y ”"(j)w Yy v
GFC

l Jali)

B2 BARESFMEITREE
Fig.2 Schematic diagram of SPCSM
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Fig.3 One frame from video capture device



s 548 -

THRRXFFROT F R)

% 40 A

JFRIC B AR 48 78 KT B Ry SR %8R (IR S R R 4T .
B VC+ + 4a f2 523, Wk £ AL CPU 2
1.73 GHz,RAM Jy 256 Mbit, 7F b3R8 35
LRSI T AR 4 455

SEE A HUOR AR 2 (] DG E A R £, 9
VT L , 1M 3 A7 45 6 I FH 42 B DR R 30k

SES BB HOR AR VC AL, HL% A by B %
BRR S T8 7R AT R AR EFR I

SEHS C: 3R FUOR AR AEVE L, Ry 8% % B 2
F&7R T I IR IE AR 1

B DR BT 2 AR AR fL A 0 T A R
AEAG I

TERR A L0, B RS BCRS H8 R AT K R
Ak i BRI IR, AR BE B ARk R RS
Bl O 2k 5 55 A8 Ak | JE IR BRCIR ZS E R AT OR AS AR
b N (5 e S PR AR AR A 22—, SR A a3k 1
FIER

F1 4HATWEEIIFR

Table 1 Data list of four examples
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