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Research on localization method of loose particles inside sealed electronic
equipment based on parameter-optimized support vector machine
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(1. Electronic Engineering College, Heilongjiang University , Harbin 150008, China;
2. Reliability Institute for Electric Apparatus and Electronics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In the manufacturing process of sealed electronic equipment, it is very important to detect and locate loose particles. Aiming at
the problem of the large size of the equipment and the difficulty of determining the location of loose particles, parameter optimization
Support Vector machines is used to locate the loose particle inside equipment. By designing a signal conditioning circuit and a multi-
channel signal synchronization acquisition circuit, the weak loose particle signal is processed and collected. By designing a two-stage
dual-threshold pulse extraction algorithm and a multi-channel pulse matching algorithm, the signals are preprocessed to obtain effective
signal data. By extracting and selecting the time domain and frequency domain features with excellent performance, to construct a
locating data set. Comparing the performance of different classification algorithms on the data set, optimizing the inherent parameters of
better—performed support vector machine. And finally using the optimized support vector machine locating model for physical testing.
The test results show that the optimized support vector machine locating model has an average accuracy of 82. 58% in the loose particle
locating test inside the aerospace power supply. The generalization ability of the locating model is good and meets the accuracy
requirements of aerospace system engineering. Theoretically, this method can be extended to the research on the location of collision
signals with similar generation mechanism.
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Block diagram of the loose particle localization experimental system

KRG RAEZ Rz i E 2 RS AL
FLAF 5 5 TR A IO 1) 22 A5 5 98 2 P B A 45 5 1R B
AR TV RSN PRS2 R YRS 4

M AR5 [ AP R AR H R AR N BT U 15 5 B, kit
2 FRURAE . SR, EALHLXT DR AF I 15 5 Hidle R A7
A B A B LT BIR ik e £ HUS i R 22 38 3 bk
MPPEECET L JF 2RI T4l B 15 5 B8l v R ORI e %



5 8 3]

SRS 1) BEALA 5 B T3 2 R SE T IEWTE - 165 -

ZARENE S 22 A W) 21 157 4 IS A IR0 AN SR
FFRAFAIE 1) 422 AR 2 22 A W) 24 i 2 15 6 199 7 3
i, VR R R HCEAE BB TR A O PR R Y
23 (], M AT R IR SC 8, i R 2 R TE
ST PR AN [ 25 1) ) o2 e 4, BT T AL 2 > 42
SFERINRREER SR . e RERY B VIR T AR HL &7
A IFEN Z R E LA WAL A5 2 R e AR R
(R 5E LVERE , RS RIS A BT SVM IR 5E
(AR BT SR B, B B PR R L 2 T
ZHRAAL SVM 1 Z R E RS TS s s N 2
RYIRERI, AR TARRREANIE 2 FR

ZRMEAEARKIGIIC

O BEERARR, WA
N ERERUET /

/ FRBHEBSHIRE RME S
] fE5RE AR AESRYES
\ FEERETFEDRELHERERS

N

BRI
| ZiEEMPIESE )
CORBAENESE \  meesamrm
\\\ %E@E%ﬁiiﬁﬁﬁ /, \\ Tﬁgﬁ(_ﬁ%%%%?lﬂ /,

\

< RERRAENT

-
’

!

|

B KRB R AR
\ MR RO SRR

~

K2 ZRYEM S RGN T AR
Fig.2  Work flow chart of the loose particle

localization experimental system

1.1 ZHEFIEEFHERIEIT
AR ST A R B i %) 2 B R T &, 2 N TR 0
KR R 2T BN UK H TR ST IR S5 Y

T4, 3(a) FR AR IR SE4
R 2 LR RGN TAERARR , A SCRIT T
&1 3(b) i B2 B HL 1AL A5 AR AR AR P S ] — il B
1E B AR 53 B R /AN FHAE HL BN A 9 25 PR 25 8],
TR R AL AT 0 b AT B4 A R R K HL TR
HMEERBE— B, DURUE R 177 A Z2 R WMF 5 1 — Bk,
AR SCIRSCAER A PRI A 2 [ — e 2 R/, 2 5
B IZARE T PIND A6 092 (0 B8 1457 5 | 38 1 38l 7= 2
ZRUIES &S kKM R R E R M 2 FE SRS
RAETR ST T AL
1.2 ESRAESXRE
AR ELFE P R GRS e T (55 R B
ZB AR5 R R BT, N ZRYE 51
TR HHEE SRAE B LA
B TR A

(a) FUR FBIRSEHIE (b) BB AT RABR
(a) Physical map of aerospace (b) Model of sealed electronic
power supply equipment

K3 R TRy SR

Fig.3 Real objects and models of sealed electronic equipment

1) 75 R SR A Y e Y

Xt 2GS AT T AR SCRETF 2 A e v Jy ik
TR SERT, 0, 33K 80 2 R W55 B AR UL E
B R BB A I R R R SR . AT B R
S 2 A5 O T (30 BN A0 B 3, i I e 36 I 2
RERIAR BN & A R 20 3UE BRI X R AR I 5
S REAL A 2 E AT

RSB IR S B R M, Kb T2 291
SR A IR IR S K SR IS RN T B 7S R S AR Ik
R A R R AT R4S (B R AU R T
G, IR Z RG-S IR R R, K24k
HfE 20~ 100 kHz, HME {5/ ik B R 9, e Kkt Hak
FULT=AR, FL, SRS 2 LIRS T 2R
WE5REE,

2) {55 R L %

7R IHE RS R 1) 2 R W5 5 R KR E A L
TR, T BRI 1 2 R AT R B e v
W LLRIPL T HERE ST . AR SCIET T AO15 51 B H f 3 2+ il
KI5 2R P55, I o e 5 2 2l 1B 55



- 166 - LSRR R e o

[ 25 R 4 HL B TP i AR R 2SR IR TR FH 2 Fh g D O
ORGSR A T, TEILZHT, HeTEHIE
P SR IR AR 5 15 5 VR B JE 2 [ ) BEL B DE A, ik 2 TR
FHHTASIC L B A5 5 R e 4k

B I R SHE IR RS M 2 R S &
T FHAHA 5 e v R ARG A% i 2t A X I 3 1 1 05
ou B N B TIB U Y SN N O K RSB R IE §i)
K BRJG A 5 Z0 T8 0 P BB B I T A R 75 1, B
P38 3k — G [ A L 810 R B A 35 4538 T {5 B TBOR
REE, AT 4% 38 T 5 0 2 R S WO B — 3,
o R Z R YNGR A P AE 20 ~ 100 kHz,
Tl R Sk 2l (S T R R AR B R R AR B
JRATREZ AL AH 1Y 1 Z2 W55, DRI i 14 38 7 A0 281
FEl & ol 20~ 180 kHz,

% b LT U A 0 R I 3 B A T A A 1 M R BR B v
7R SHE IR R 5 5 P A 2 RS | A P
5% TGS M s, X3 ffE TS 2R
YE b T, T B R E AVFIEE N, —
DI RN YR R A B i S H
H 5 E Z R IN4E 5 9 b5 m w4k, T K 0
FLSH ) DLk pd /b A ALAE S T, 5 — T,
PR R A T e [ S N M R4
P00 A5 B0 A WL 5 B bR = T TR AR
TR ME A JERR 2 20 mV LIF, IF HLA &6 T g+
PefE5 . SCHRL 11-12] B4 BB A 4 19 15 5 8 #L
HL I R AR SCTE IR AT 2 AR W A IR AR B £ S R
FL [ o 2B R A 5 ) 0 R R I ) o £ M R 1) 22 4%
WG,

3) ZiEIE{E5 AL R A HL

F T B Y 2 R R S R EME S W
FECIERE FARAR I T 23 18 15 5 [ 25 SR R vl B, 50 e
PUE S B E 5 45, TR BUR 2215 5 Wb BE 5
HECEEE SBE . S A, R R Bk PIND A A= 1
IR e N e A E SRR R L PSS
CEN A B RS M B Vel P N =R e € L TR M A
LA LM S WA R4 f S I 45 R A 1] 4
F7R B A/D B i 545 R MCU X RAM
5554 MCU 4%, {55 JHHLH 3% 5 [R5 A5 5 R AR B
% [a] [F R T RHATPC AL

LR SR RER BN TERBEWNE S JiR,
L MCU 5 B LB (R e, FIkE B dL %
HR AT 2 I R B4R 5 5 R 4E MCU, [FIBTF 3 A
Wr 0 TSN RWT 1, 55 RE MCU IREIREMAIF,
WAL A/D Bt B B AN RAM , JIT 53 AR50 e 0 A1l
AN 9, 24 PPS BRIk vh A a5l & B 0 B, S 8
AR A/D % 4 H B 04 SR AT R 3 2 b T 9 H G

H35 &
RS R
Coy
1PPS

] [GEINT ADEH ] ]
kil NElS
% E Pl E
f& WA | [ADER ]| 3 -

(= B =) % | Wi b
g | R Bl il 0 () &
el M A M bl
i C M c
B | o) | ApEE| u
M i = = = L]

K4 ZamiE (s LR A A HE
Fig.4 Block diagram of the multi-channel signal

synchronous collection circuit

BUSY 45 I HESPRAS A0 F S B fh 2 T 9 TR ARTSEBICR:
FEEE IS AT RAM IIAEAE X, 1 58 05 Bt I 4 2%
BAIREIE A 25 S8 MCU, {55185 MCU fil % vh
Wr 1 IR IR ECRCE 24 PPS bk i i fih % b BT O 142
WCSHETE UTC B 8] 32547 B ) b 22, 45 b o8 £ 8 38 1
WiFi fEH A4 2 EA LT R S, g (5
AL MCU Xt B AL A & 2645 1k R B A 4 R A7 0
FINWT, BN IR 05 5 R 5 MCU, [A] i 3547 56 P Ho
AR TAE

PR SHE RS A5 S S S 2 (s S W R
SEH PRI 2 2R EI P H B TS 24
PR s 25 v AR — N AOR R 4 b BLRMRATE 2 4
5%, K 6 Fim,
1.3 {ESfaE

FE_EATALERAE R AR 5 SC BB A R SR PIND A6
FMIEREMNZRYES , T ZXT ST HE, 5E 80
— B ZRWYE S R U L8 2 A R kb, B3
PA55 LI RES T W i248 B 20 & Z R0
ORI (=0 S WA e - NS e S T N 7 S
WIECREMN ZRYE S AR 2 E R,
T BN E T RN Z R YE ST b B, Bk
U, X 253038 2 AR5 Pk kb dE A T DEFC , 44E 5 &2
PRI RRAE 1) 5k [ R — 2 A W78 ) — i 2 7= A 0 1
5o ARSCAF BT T O] BR ik e B R 22 3 3 bk e
DURCE: 5 P 5 A 0 F BS503R
B 5 S B T 5 SL R IE S U S 00T

1) PR T BR ok v BB 7%

AR SCIRE A Jk i B 3k A L 3 e o i A 4R —
B A5 A SOV b R AR 28, SRR
HRES T LM, HEBR (S S b im0 Ho,
ARSCHEH I PR R Bk R B 2 32 45 B RE 2 A1
R IR, i R R R AR B AW Sk



5 8 3]

SR SR LR B i T 2 R E (TS - 167 -

fESHEHMMCU R S
£ FFESh oA

155 REMCUTIEL
A/DE:H . SORAM

l

{55 REMCUTFJE SN
019

55 REMCURB
BPPSED Rk

JRBIA/DE:

' BUSY& il

RENEEF

{55 REMCUBEE
HI%dE, BAMEORAM

X HEARAM
REFH?

Y

——

-

RSB EBIRS B
SEMCU

l

fEBHEHMMCUBLE S
i HIWTPPSED K

F|PPSHH ik

fESfEmMCUIK ‘

FKEUTCH IS B B
TRl SR ER ) B

l

RS EMMCUR SR
B LA

N Bl RaE
REEIE

Y

WA RIEE S
MCU. f55FKHEMCU

l

FKEHH. FIETHE

K5 Zalil (s PR TARR

Fig.5 Work flow chart of multi-channel signal

synchronous collection circuit

K6 BEb TS RYN &

Fig. 6 Loose particle detection equipment for

sealed electronic equipment

AR R S S

ZRYAE S BURE R R i %

FRRHHE A5, BEHE— ST AT AR b ) R A5, AT 32K ) %6)
—BZ RGP SOk oS B S I RCR

Bx(n) A—BRIRNZRYIGES , B EEES
HEAT WAL 3 I35 5 A 200 SRAF 1 R — I, AH <8 i 1Y
LG AT 10 SRAFE A, Rl i SO — 5 5 1Y Ak
R, S n WU YIRS B AR

E = 320 (1)

KN AR ST A 15 4 B B U
BT HER A 52 T4, A SO i PR — M IE
FIBE T, 1 W A (B R A

n+N-1

ZCR, 272 1l sgn[x(i)-T]-sgn[x(i - 1)-T] | +

sgn[x(i) + T)-sgn[«x(i-1) +T]} (2)
A,
1,x(i) =0
%ﬂmw]{_;;g<o (3)

RSB PO TBR Ik i B ORI i R a4 7
Fis

BL200 KA £ — 1
[ 2 =] 1]
AT S
v

RSN P2 B RE, ..

TR S R EZCR eun i

P RIEREE, . Eyn E2FZCR,, T
PP E— B/ FIE, 2 8] B 5 18 Tk g i it
TN PR R S AN TEERE
BEZBRIEE, " Ep En Exn ZCRy

[
——,

BB AE,, e kb
Uit 1T

RAEBREE,. EAZCRFHR
Jik IR B R RE,

|
K7 PR R bk b S U vk i e
Fig.7 Flow chart of two-stage double-threshold

pulse extraction algorithm

EIC AR Z WA 7 2 AT 0 WAk B 54 ot
{5 BRI BE RV I 2 SRS A 1 ifs 5%
i, o PR AU S A e E, 5 ERERE E, AL,
RIS SRR R E, > £, AT LA ik oh 32440
AR, 353 DLW S A, ) fi 2 A FE BB i 5 7Y



- 168 - LSRR R e o

LURRE

JELIN R B AT N 5 2 R R AR R B, O R R
ZCR,, HPIE AR/ N T R BAE W, WA RE 211 ok [
BT kAR AR T, MO S — TR . [FRERY, 18] )5
A HEHF WU 5 1) ] ek AN I 3ok 2 48 5 4 R (.
E, Mid ZREE ZCR,, M 2R/ T I B E I, A
SE 2 HIT R FEE B WA Ik i B 25 SR T SR 26 2 ST TRR,
ZHSERLER 1 O T BRIK S UL i it il fE v
AT RE 2K IRAEL | BE BB/ N3 DK rh B TR A 3 26 ik o
ICRESRBEAT BRI 2 R W15 515 8., $5 22 7T B rh R Al bk
PRER LA S R, B O Ak L Xt F Bk np AT AR 2
XUT R bk b B BT

LR35 1 GO T BR ik b SR BB 400 20 A i Jok e ) 2
B E S ASCLL S HT bk b Ry 43 x4 A — AR 1
PR BR Pk i UL 1k B (EAER Y 1 i oy 45 o
] (R 2 BRI B, 2SS R 2 OB R PR b 2 B
T I R AR S R B (RO PR A 1 GO0 R ik e i B
Sk REMS A PR K vh G R 28 5 00T BR fbk
PR IR I A B A S DL A ok o, DODKE B AT A 40
B B ol Ik 9 2 B IR 485 SR 43 531 P
AR5 A kR

SV TP A R AR — BUR IR ) Z R W15
SRR A — BT DK A S A R 7 A S I 1 2 R
B 4l AR SO P B A IR 235018

E,=6xE,.,

E,=4XE__.

E,=1.1xE_,

E, =3XE_.

ZCR, =2 xZCR,_,, (5)

2) Z38 8k VT Rk

22 T 1 YK i C 5025 A 1] 200 22 33 0 1oz 1 7 25
IR AR B [R] — Z R W55, T HERR AR 2 2Z [ A
[P BOME S AR AR AE S 305 70 3R 7 M Z W5 =
PR Z AR IE R A 7] — Z2 R TE R — I8 20 7 A= 1Y
ARSI IE ik DR R B R AR AN A 8 Fa

PAASBIFSE Hh A% DU SE 0 S 4], 15 5 70 ol i R % e 1 R
EZRUME SRRk JEH A B b A5 S IR EE 1,70
ki 55 IR & 0, it DL AL, VUIEE M 2 R
fE 527 A 0 M 1 BB 91, 8 THH PO E 3l B9 7
FNECARLHEA T S0, 40 2R U 3 X 1 R 7 1 R 5 SR
4, 5JERT LAR R YL EAFTER] D Dk, 3 X 2R m 4
] JE A 2, AR B ANESRAFAE 4 303 0 /Y A, BIAR
AT IE B 155 KU, X 3 W] DU T8 24 i AY ik
TlE—ZRWUME"S, BUIK b VT BC S, 75 0 Jikop IS i 25
W, IR SRR

(4)

.

FRHA AR
Feftefir B Ho
v

He DU I I8 HodE B

BREBER

A 4
AL B B R IR (%% )
|
8 223818 ik v DT it o ik i A

Fig. 8 Flow chart of multi-channel pulse matching algorithm
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Table 5 Localization effects of SVM classifiers

with different C and gamma
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Table 7 Specific description of the verification data set
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Table 8 Localization effects of parameter-optimized SVM

localization model achieved on the verification data set
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