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Abstract: Proposed a partial binary tree twin support vector machine multi—classification algorithm based
on optimal classification features (OCF-PBT-TWSVM) to achieve effective classification of non-
stationary transient random signals with edge distortion of tooth profile images, and to meet the
requirements of real-time gear vision measurement and distortion compensation accuracy Claim. Selected
the maximum value w,, of the edge dynamic component signal, the position of the edge distortion signal ¢,,
and the edge distortion rate r, to formed the feature vector, which constituted the training sample set and
the test sample set at the same time; defined the variable weight feature vector measure y with the target of
distortion compensation, and completed the construction of the OCF-PBT-TWSVM algorithm according
to y decreasing; used the particle swarm optimization method to optimize the algorithm parameters to

optimize the performance of the ¢, ¢,, and g parameters. The test results show that, the final classification
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accuracy of the OCF-PBT-TWSVM multi-classification algorithm proposed in this paper is 96.96% in
the case of small sample data, which has better classification effect and training speed than the PBT-SVM
multi—classification algorithm. It is faster and can satisfy the requirements of subsequent distortion
compensation measurement accuracy and real-time gear vision measurement.

Key words: Distortion of image edges; Twin support vector machine; Partial binary tree; Particle swarm
optimization; Multi—classification
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Fig.2 Segmentation of the tooth profile measurement area
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S50 T B2 AT AR SCER XU R D 2 R BLRRAE A3 2 0 B TR AL AL OCFPBT-TWSVM & 1%

1) 3 F e B AMEE 75 2L 4 AR A 1] 2 X, IR 47 [0, 11H—1k .

2) AR A AR 3 VA7 A0 0 0 £ D A E T A RS i YL, 45 F A2 SVM ] SVM, A8 BUE FEAE
JE )y 28K EBE F RN GRRE AR SR 70 %0, MK AE AR LE & 30%6 1 Eb 9 i 47 B AL 43 FiE .

3) U FE A G & JF B BEAT N S5, 35 5K FF 0 Rl RE RILASE NI S5 R 3% AR B K, W0 36 0 RE 7 BE DR AR A
OCF-PBT-TWSVM, 4l JIl 25 40 1) 3 2S 45 S A5 554 i B W0 46 3 1

)BT W5 20 (16) B FRL T 10 3 B 5 07 8, I 1SR 385 0B, 5 R T X I e G 7 B ) 3 OB R
MR AE 5 2 T AL B U A7 B8 (03 7 B R T 2 T 4 Ry e o 3 TR R D) AT 4 R AR T

5) HEAT S5 K 3% AR B 5 3 B0 00045 bk AR A DG SR A AR B (L L4 R A A, 2% AR B0 1 IR TR A5 B
4) ARBEEAC TR

6) 2SR A es = ( pirs pros pr) VE RIS EARA OCF-PBT-TWSVM 5% , i 5 Il A5 7

DR AR OCF-PBT-TW SV M AU St A AR 2E 47 20 28 03, 15 3k 0 20K B

4 REHERSHW

41 REEBESHEARHEHN

SR FH TR A2 AT 2 %) v /NS 0 T U [0 A o 0 A 0 A, SR 15 8 2= 90 B m=2 IR e ff f = 0 A5 {or
REC=0, 15 50 S 22 SR VFH F, = 7 wm B9 5 GO BT 2k B IR0 5 48 AT 0 98 I U, D) B IE OCF -
PBT-TWSVM gtk 5 2 547 U5 5 BR 0 % 2% JL A7 2 0 A e 00 25 38 0 [T 5 s, JHG AR 1k 61 45 3R B
R UNE 6 TR

MR 2 FLAME 1 75 22, 7 MATLAB R2018b°F- 5 58 i OCF-PBT-TWSVM Bk 8 I &, IF i A Vi 5
P50 0 5 2R 8 R I SR AT 1, R R AT B PR G G Rk LR I G 28 R A U L U R AR
FH 2 14 18] B 7 125, 9058 PRI 4 SR R TR AR5 0.6 s, 75 SR R 14 [ INF 14 47 552 1) PR T4k B 145 66 10 4 30 %%
I BRG] 432 R R BE R 22 00 b E SR, 2205 PR AT O e 2 00 A T AR AR i A TR G S A B EAT A
Xof 5 F 1A A0 B U Sk B U [ B S B 3 A% () 44 20 A A JEE % D i A LA R R B SR, 90 B Y
14 % TR AT — UK 6 R 1 400 5 0 k5 R 9 8 0k 90 YR BRI 132 B0 ™ AR 540 4114 6 i 2 IR BB &t 2k
52D A S, A S B e A B U AR A S 2K By 2R T R 4% R 28 R ORI (1 150 2 B8R A Sy 2 ) B
PEREAREFEFT OCF-PBT-TWSVM &L 5K .
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Fig. 5 Structure of gear vision measuring device
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Fig.6 The working process of gear vision image acquisition
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Fig.7 Eigenvector analysis
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42 AREEZGTEBEGROGIESLEBHEINE
51858 SVM 43 K07 AR, OCF-PBT-TWSVM 535 16 fift e HAT /AINFEA (i 2 A ] 3 e PR RE A B8R
14 2 43 28 1R R, A5 I 8500 5 — P B A% o B3 0 110 OC R L% D) L AR SO e AT R S EAT H — AL AL 21
DA K R FAAS [ 03— A T 2 00 08 a6, A 40 00 3 4 0000 43 288 o Ay 3 1) b 5 285 SR 303 9 — 6 7 xUx T OCF -
PBT-TWSVM 5% BEA7 14 J3 1530 2 2k B3 2R i 52 0, P4 SR Nk 1R
F1 AEE—FRH

Tablel Comparison of different normalization methods

Normalization method Test accuracy Optimal parameter selection of OCF—PBT—TWSVM
o Population size N=20;Maximum number of iterations K=200;
No normalization 78% (39/50)
Best ¢,=46.52; ¢,—48.97; g=0.084
o Population size N=20;Maximum number of iterations K=200;
[—1,1]Normalization 96% (48/50)
Best ¢,=6.544; ¢,—6.998; g=4.634
o Population size N=20;Maximum number of iterations K=200;
[0,1]Normalization 96% (48/50)

Best ,=6.875; ¢,=6.529; g=16.004

N 1A 50 45 SR mT R, U IR G0 21 Rk AR 5 o R RE AR BUR 77 B S AT 0 —fh Ik 3, SR A e 4R
1o B T 3 2 AR 23 5 0 TR (] 1 05—k D7 =X, 70 A (] A B AR R A K3k AR R B i 4 T, AT bk A A
TRV BEAETI S8, oo REUTT I S50 g, A5 20 S U 28 5K 31— A B AR 1 R e {H
Wi B R0 2 0k BT B AR B AR GE — R L0, 1] — b iy HEili B, 0 1) SR FH 2 1 ek 40 22 700 R 48
75 1) s bR BRI Sigmoid pRET , T 4 TR pR IR 30 5 0k BOAN [ A% bR BRI 38 S R A 0 I AR 43 SIS ME A 3R 0 L o8
B OCF-PBT-TWSVM 5.3k 5¢ F 1% sRElosk 2, Il 25 A 3= 2 s
®2 FREZKEHH L

Table2 Comparison of different kernel functions

Choice of kernel function Test accuracy Optimal parameter selection of OCF —PBT—TWSVM
) Population size N=20; Maximum number of iterations K=200;
Linear 54% (27/50)

Best ¢,=9.93; ¢,=10.46; g=11.795

Population size N=20; Maximum number of iterations K=200;

Polynomial 92% (46/50)
Best ¢,=7.59; ¢,=8.92; g=—14.234
. ) . Population size N=20; Maximum number of iterations K=200;
Radial basis function 96% (48/50)
Best ¢,=6.89; ¢,=7.42; g=13.931
) . Population size N=20; Maximum number of iterations K=200;
Sigmoid 42% (21/50)

Best ¢,=06.58; ¢,="7.39; g=17.242

2 2 B0 3 45 R AT, VB AR 1) L A% R BUE A OCF-PBT-TWSVM £ 43 25 vk B A% ok U & 38, 16
J36 5 i % 2k B4y 2 ad B 3 T OF C 58 Wi 1 5 B0k 5, I 3015 4 3 A0 o f 3

Ry A5 B T e iR AT X LA IR A R A 4R o BE MLk B 47 ZH B A R R RE AR 4R A RE AR BRIl 2k
FEARSE , T R M R R R B OCF-PBT-TWSVM £ 40 KB % 5 PBT-SVM £ 40 28 503k i 17 145 B 1%
WG R BT LR IFIL K . OCF-PBT-TWSVM £ 43 258 35 3 T OCF R EUAY e {5 B0k 25 1 L
B A A 1 43 28 o S 0K 45 AR 4 B A 181 8 (a) L (b) T /R s PBT-SVM £ 43 28 83k 3l i 28 XU UE (Cross
Validation , CV)J5 B3R B e FE S B0 o g e R 45 SR 19 3D P I3 A AR 4 114 3 28 v A =3 3000 38 &% SR 40 ) o
9(a) . (b) fir 7 . 4k LE B HLKE 30 %6 22 A7 I A A B4 AV S AR AR LA A S N R A, 43 30l SR AR SC it 1)
OCF-PBT-TWSVM £ 4 258 1 ALl Fl 19 PBT-SVM £ 43285 5k 0E A7 147 )58 R % 2 2k B £ 4y 28 & 42 1w}
FoAal g , BOT- A AR A e 2l 232, K 25 R an 38 3 s

W R 3N, HEAT 1 R R 0 4k 2 4y T B I i AR SO i ki OCF-PBT-TWSVM £
PR SE M PBT-SVM £ 40 JE B AH L, 72 0800 I 2R ef 8] B £ 5 e 1 1 ety b, 4 v 7 AR A I a4 1Y
Gy RUERR 3, N G AT G FLAMEE TAEBE E B AP i LAl .
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(a) OCF-PBT-TWSVM algorithm adaptability curve (b) OCF-PBT-TWSVM
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Fig.8 Test results on OCF-PBT-TWSVM algorithm
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(a) 3D view of PBT-SVM multi-class parameter selection results (b) PBT-SVM algorithm test data on actual and prediction
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Fig.9 Testresults on PBT-SVM algorithm
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Table3 Comparison of test results of different algorithms

) . ) Average test
Algorithm Test accuracy Optimal parameter selection

accuracy

97.87% (46/47) N=20; K=200; Best (,=15.38; ¢,=16.92; g=4.18

OCF—PBT—-TWSVM 97.22% (35/36) N=20; K=200; Best (,=20.85; ¢,=22.02; g=20.69 96.96 %

96% (48/50) N=20; K=200; Best (,=6.89; ¢,="7.42; g=13.931

95.75% (45/47) Best c=5.66; g—4
PBT—SVM 94.44% (34/36) Best c=11.6; g=8 94.06 %
92% (46/50) Best c=8; g=16

43 EEEGIR % K 5 SRR AL 3T R SRR M 0
6 9 19230 4 Sk 5325 R P T kS RE 520 15 06 96 19300 40 % ZORUL 5% RSB B LR
YV e O B8 2 2 B0 40 Rt T 3SR I S 7R R S W 2 A 5 5 T 00 5

AT A LB N RS R A5 S PR B SR A B 2 M AR i 0 D R R A T SR A R K LA

= Py
=M=

SRS RS 3 5 e LA T R 1A A A . S 4 1) i 1] U5 (Support Vector Regression, SVR) J5 ¥ 1]
SR 2 AE T A ST R AR SO SR 1 FE T R SVR 1 88 B i S Ak EURME B G R I AR
0.65 s A 5 B B A 47 56 119 2 B DX b2, 5 P 07 B 05 2 170 00 6 1o V) A Y . 2 LM 1 00 4 7 6 00 B
SR R A R

S0 AR UG VR Y 2R 1E T T S AT 1N B PR G Ok R 0 5y A, DA SR A0SR 4 TR R TE 1A

Vi

S
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Table 4 Real-time statistics of visual measurement results of tooth profile edges

. Ignore type of distorted Eliminate type of distorted Compensation type of
Normal edge signal . ) ) )
signal signal distorted signal
160 6 4 10
158 7 3 12
162 6 4 8
156 8 4 12
164 4 4 8
153 9 5) 13

R AU S5 R AT, AR B I GOk LA S A R LS 5 10 5000 2 A, 1A B TR AR G Kk LAY S BE W E
B e 1A A8 L B N0 ek Y S P K

i

5 &g

AR SCHR A8 147 58 PR A5 30 % O A 5 o0 W T B, A D 5 T AT SRR 18] B AL 22 00 SRk o R — A
OCF-PBT-TWSVM £ 7 KRk . 15 55, 46 K EOREFF N G 8 0 B G 5 B R v, A& K EAG S
B g G B M RRIE ), T REAT L0, 1S A A B HE I A AR AR A SR AR A 5 LUK, LR LA
50 SR A H b g SCAR AR A AE 1] 5 P00 2, 42 IRy 88 D DU T 1 T 58 Dl SO AR A B A SVML 203 26
FEAEANTT 73 IXCIOR 5 22 BRI R 5 15000, MR Al o B9 28 A R AR IS e G 20 B3 AR A 1) 2 A S 1) i ML O3 28 500
DA i 2 58 SVM 2203 2850 1 i I 2 i B8, /N I Rk ) DR A5 I e A A 5 die I, SR DL 7~ RE 00 A6 O 05 3
71 OCF-PBT-TWSVM 8k B ZHUR AL, [ AL 8 ¢, ¢, g SEUVERE IS BN , 52 BUARAT B 018 73 2 v
I Z 0326 AAR A SCE B9 OCF-PBT-TWSVM £ /3 K5 0A RE 45 S BLIG B KR D Sk 2 5y 26 JF Ho L
RS SVM 7 BB PBT-SVM £ 73 2858005 BAT B4 009 70 SRR, I B2 o B PR A /NVRE A K0 H0 1
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