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Z<a —a DW(x) 6)
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X () YR ST A PSO-SVM T AR AL, 8 ] svmpredict p& I RRE AR (R B X 91 2k A 1
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MATLAB #4455 58 7745 31 F5000 oR &5 Y 45 22 P 5C F 20 LUK ) 288 B B3R AR 288 B v oAt 55 7F T R 480

TR AT IO

Select training and testing samples
and then normalize

{

Select kernel function, initialize population
and optimize by PSO

!

Get penalty factor (C) and
kernel parameters ()

'

Obtain support vectors, nonzero coefficients
and constant value, then get
PSO-SVM model

1

Validate testing samples and renormalize

=
Accuracy is met

* Yes

Get the optimized PSO-SVM model

i

End

1 PSO-SVM 5 7 ) 2 3 72
Fig. 1 Flow chart of PSO-SVM model building
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HITE 2 WY AT DL M 1R B b SR Y 4= 100 R

M 2 WA T SRR R L | I
WA RALRIE, :
3.2 PSO-SVM ¥l 52 451 36 i

LR 51 b [ T 9 5 0 52 R X 9

PSO-SVM il A5 8 ik 47 58 3E) . h 17 5 K A
K1 (Grey Model, GM) T 5 500180 55 He 43 A, 6 B
1 5 ~7 S5 BRI Zrke AR CGREBLEE) .8 5 ~

Residual hole

14 5 MAAREAS (R R s L W MATLAB # Pl 2 VR A 1R 000 1 2 WL SR R
4 PSO-SVM &) #4711 4 5 30 , 56 FH 48 1) 3t Fig. 2 Macroscopic damage features of
ﬁ@ﬁﬁﬁ’ﬂﬁtﬂ%ﬁ C=355.5 7‘|;ﬂ y=0.0077 ’%ﬁﬁ concrete target by penetration

AW ZRAT 3] 4 D SCFF i 4 DA R ER RE (0, — e ) LA & H R 0= —0. 886 5, 1 It AT # 57 i
D pREAE et G R0, AR B SEIE S OB 4n 6 1 s, o o SR BE L A PUESR I .o Sy S RESR
AL s SR BITEE 50 B s, 40500 RH GM HL PSO-SVM Jr B 500 (9 @B IR BE . 60 &,
GM Fll PSO-SVM il e AH X T 52 10 42 191 4% J3E A AR Xt 35 22
x1 EHURERNS R
Table 1 Contrast table of predicted results of penetration depth

Samples No. o./MPa v/(mes ') s/m s1/m o/ % s2/m 8/ %
1 45 510 0.597 0.597 0 0.592 0. 84
2 23 510 0.834 0.742 11.03 0. 839 —0.60
3 45 612 0.716 0. 816 —13.97 0.716 0
Training
4 23 612 1.001 1. 089 —8.79 1.001 0
samples
5 45 680 0.795 0.791 0. 50 0.799 —0.50
6 23 680 1.113 1.129 —1.44 1. 107 0. 54
7 45 748 0. 875 0. 856 2.17 0. 880 —0.57
8 23 748 1.224 1. 204 1.63 1.213 0. 90
9 45 850 0.994 0.971 2.31 1. 001 —0.70
10 23 850 1.391 1. 320 5.10 1. 368 1. 65
Testing
11 45 918 1.074 1. 049 2.33 1. 080 —0.56
samples
12 23 918 1.502 1. 398 6.92 1.469 2.20
13 45 1020 1.193 1.166 2.26 1.194 —0.08
14 23 1020 1.669 1.514 9.29 1.616 3.18

N AL R E AT EE PSO-SVM F1 GM 4 R B 75 % ) F000 1 E oRF 26 2 v 1R B - 1R 190 T 1Y
LA . GM BN AE K PSO-SVM FUMAE 2 S Ir £ 181 A&l 3 s, i 1 ANIEL 3l 10, 36 - I A AR
M5 » GM T Y e AR 1525 4 9. 29 %6, PSO-SVM T i) d5e KAH X 15 25 4y 3. 18 %6, HH UG vl UL, A X
T GM F, PSO-SVM TN 54 4 5 1 AR 0T 52 w8 o A ik A2 By 47 T s 00 M e T ) T 0K (] I X Ji 5
T RUMNPR BAR R E XSS EME. A R PSO AT ASE S 2R T8 . BE WA AU e 100 AL
T 52 B0 LR 5 1 1) R AL i 9 2 80nT 36 2 BOIORG 132 A 25K

M o SR 1) H AT LUE UG A v U — a0 D S A ) i R D AR SRR ) i, T e K
H SEAF 1) B G L 5 IE SRR ) TGO MU RE O 1 “AE R ICE” . SVML BT X /IR A 0 S50 R 5 e H FL A
BAFHIZ AL RE 1 70 52 bR TR R AR A K S A BR A EE AR /D It . SVML A X 4% e 1t il 5 12 B A7
RO H
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K H PSO-SVM kb A7 WA~ E i R R 7 A ZREA B i, o KA XR 228 3. 18 %5 X
BRC17 R A7 5 AN m R 2R 21 Il Zhke AR g i, Hod RARXT R 220 5.5% ., Bk, 52 m F & &I 25
EWNE§ NN EAS O RE S OR(TRIEVE Jatac-A1 1IN

1751
1.50F
=
= 125F
Q
<
=1
g
£
% 1.00F
~
0,75 No.8-No.14: Testing samples (validating data)
75
—e— Measured values
--&- Predicted values by GM
4 ==+ Predicted values by PSO-SVM
0.50 1 1 1 1 1 1 1 1 1 1 1 1

—
[\
w
>
UL

6 7 8 9 10 11 12 13 14
Sample number
B3 SE8 .GM F1 PSO-SVM Jr Bk 42 1) 3R B O 25 2R 1L 3%
Fig.3 Contrast of penetration depths predicted by experiment, GM and PSO-SVM method

PR IR 1 b (B DU 35 % AN [R) (8 A 4 20 5 A3 BT I A A 0 o 3300 00 20 R 119 552 o, G 45 2R 51
TR 2, AR 2 AT LUE T BEE VIR AR 1S 22 B AR X 158 22 28 W 0l /) o LU /)N 4 W 8 328 3 A% 2%
H 2 IFAN B AH T3 G O PR 7R R R R R SR I RSl I SRR A B T LU =
ROR R A . N GRAEA B Y o 32 5 5 el DR 3R ) R | 0000 S B 4 o 0K S G, B TR A
48— W b o, — AT L 5 B SRS AT LA E

*2 ARAINIGHERABETRRBAIMNRE

Table 2 Maximum relative errors for different quantities of training samples

Training Testing Maximum relative Training Testing Maximum relative
samples samples error/ % samples samples error/ %

4 (No.1-No.4) 10 (No.5-No. 14) 10. 02 8 (No. 1-No. 8) 6 (No. 9—No. 14) 2.85

6 (No.1—No. 6) 8 (No. 7—No. 14) 5.43 10 (No.1-No.10) 4 (No.11—-No. 14) 1.18

7 (No. 1-No. 7 7 (No. 8—No. 14) 3.18

PSO-SVM T AR 56 B F/MEAE B, R TNSCR S5 PSO #14E S50, 5 K & I ZRkE AR B A% iR
BOEWAEA O, BAh  Ha S AR 2 56 R UM XS & 4% L SEBR TR N B 75 48 B g B S B

4 4 &

(1) R R 2R S0 254 R P A~ E B R R 2R 7 AN ZRREAR BIr & 37 A9 PSO-SVM 7 A5 Y, H:
D B KA X8 22 Sy 3. 18 %0, AT R Bl 4 TR i i 5 i1 B9 Bk . PSO-SVM B33k 3 T T 3 e i 4= 4
TR B 1 A 1 TR BE 0 & B AT 47

(2) PSO-SVM Fil il i) fe KAH X 12 22 0 3. 18 %, GM T I 19 d5e KA X 224 9. 29 % . #H Eb F GM il
T, PSO-SVM Fil i) (14 AH X 15 22 8¢ /0N, FLH00 P A8 B W8 F GM 10, 1 H PSO 42 )5 F- 00T LU 2 i
NG EE RS EE . % F PSO-SVM Fil , £ £ 4 38 19 U1l 25 A B0 BE AT 4075 R4 19 35000 2%
S ORI L e 00 AR KT A AR

(3) SVM J5 ¥ 1 52 B i FH DA /MR A SR AR g Sfe e 25 0 (HL B ™ 2% BB BE Al 19 SVML T ¥ 7 il T
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Prediction of Penetration Depth of Projectiles into Concrete Targets
Based on PSO-SVM

PAN Qiang' ,ZHANG Jichun',XIAO Qinghua',Z0OU Xinkuan®,SHI Hongchao'"*

(1. Institute of Civil Engineering ,Southwest Jiaotong University ,Chengdu 610031,China;
2. Zigong City Construction Investment Development Group Co. Ltd. ,Zigong 643000,China
3. Department of Architectural and Environmental Engineering ,Chengdu
Technological University sChengdu 610039 ,China)

Abstract; The prediction of the penetration depth of concrete in concrete damage effect is of great significance
to the design and construction in protection engineering. However, the traditional methods for this prediciton
involve such problems as requiring a great supply of samples,or suffering from a large prediction error,and so
on, In this work, following the theory of the support vector machine (SVM) and according to the parameters
optimized through the particle swarm optimization (PSO) ,the PSO-SVM for predicting the penetration depth
was proposed. The corresponding programs were written and the prediction was verified by the experiment
data. The results show that the PSO-SVM method has a great advantage for small samples and non-linear
prediction. In comparison with the traditional grey theory, the relative predicted errors through the PSO-SVM
method are smaller (the maximum relative error being 3. 18%). As the number of the samples increases, the
maximum relative errors decrease and the changing rate slows down whereas, however,the amount of calcula-
tion becomes larger. Above all,it is feasible to apply PSO-SVM method to the prediction of penetration depth
of projectiles into concrete targets.

Keywords: particle swarm optimization; support vector machine; concrete targets; penetration depth;

prediction
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