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On Investment Estimation Method of Comprehensive
Pipe Gallery Based on PCA-PSO-LSSVM

SONG Jinhua, YUE Hao
(School of Civil and Communications, Hebei University of Technology, Tianjin 300401, China)

Abstract: In order to effectively solve the problems that the existing comprehensive pipeline corridor investment
estimation methods are not high in prediction accuracy, and the prediction accuracy is easily affected by sample
size, redundancy or lack of feature parameters, a method of Principal Component Analysis (PCA) and Particle
Swarm Optimization ( PSO ) optimized least square support vector machine ( LSSVM ) combined with a
comprehensive pipeline gallery investment estimation forecast model. It uses PCA to reduce the dimensionality of
the characteristic parameters that affect the investment estimation of the comprehensive pipe gallery, eliminate
noise or redundant data, use the principal component with a larger contribution rate as the input vector of
LSSVM, and use the cost per kilometer of the comprehensive pipe gallery as the output vector of LSSVM. It uses
PSO to optimize LSSVM’s kernel function parameter o and penalty factor parameter C, establishes a

comprehensive pipeline corridor investment estimation prediction model based on PCA-PSO-LSSVM, and
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predicts the test set samples. The prediction results show that the average relative error of the PCA-PSO-LSSVM
model is 3.28% , which meets the requirement of investment estimation prediction error ( = 10%) in the
investment decision-making stage, and is compatible with the PCA-LSSVM model, PSO-LSSVM model, and GA-
BP model. Compared with the GA-SVM model, the prediction accuracy is improved by 67.29% , 70.52%,
48.13% and 38.60% respectively. The PCA-PSO-LSSVM model has high prediction accuracy and excellent
generalization performance. It can be used as an effective prediction method for comprehensive pipeline gallery
investment estimation.

Keywords: comprehensive pipeline corridor; investment estimation; principal component analysis method;

particle swarm algorithm; least square support vector machine
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(LSSVM) 5| AZE & & IR B PR AS B A BN , (82 JE 3 HA RS M o SAETIIN 7280 C S H %R LSSVM
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ST, BAT I S B WSS H 2 B D A5 0 s H AR BB 2 K DA TR LA mT R T A Sy 2 ) v g — >
Rif, BB B AL E R BE 2 ML, HATA —> 80 A ok Bk 52 A9 385 7 BE (L, X0 3R A RE 5
BT WIS E 2 A S LA PSO SEvE Rk 1 U2 5 A& R A an=C (14) FoR.
V., =wV, + Crand[P,, - P] + C,rand[g, — P,] . (14)
Ko Vo B s+ L AT s 0 WHHERLE: €, Cy B2 Fsrand € [0,1] 5Py, J45 s AR
RALALE; P, RS s DRITRIEETOCE ; g, AR RBIABIRERILE.

4T LSSVM (IS IH 72450 C S RESE o st wil SR 1 BRI S50 A B2 1) 2 2280, SR 3C
PAVIZRAEREAS B FINEL )P B R RR ZE S PSO A3 BLRE BR A, XHEST N 7280 C SRS R o 47
TG, H T H bR s g

1« I -Y

inf( C =—
minf( C,o) t; 7

@ (13)

(15)

st. Ce[C,Coil 0 [0 0l -
A Y, T 05 L R TN S S 0 A TEEAE /(CLo) T BARREL C,, C HAET]
W28 ME ST RNE 3 0 i O e I BRES R B/ IMES R

2 A A KB

ZEA B R B A B ) T £ 37 A PCA 1 PSO-LSSVM [ 3Ltk I, 3 PCA-PSO-LSSVM il #5574 () 4
AR (HARE 1 FR)

1) R 50—k R PCA XRIAGECE SRR TR FRiff AT 4E 5 10— (L AR 31, K0 2 Rty 22 51
HRFE ©>85%WHT ¢ T FHLSTHEN LSSVM (1% A ] 4.

2) SR RN GAEAXT LSSVM #4745, IF45 G PSO B AHAET HF C Pt kiS4 o it
11340, LRSS IR PSO-LSSVM A5,

3) RERITRI R OR3P AR A XA 1) PCA-PSO-LSSVM TR AR 306, [] Iy a6 45 5
55 LSSVM, PSO-LSSVM, GA-BP S5 H A5 iy Fi 45 R k47X L.
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A2 mHERFRHESE

3EX gl iR

R LR i i TN MET sy ME jfﬁ;k N DBy Ly b1 -1
Homi HED R @AY ik i WE/m A ik (J1/km)
(A/km)  (4/km)  (“4~/km)

1 1 1 4 32.40 2 5 2 3.00 3 0 8 33 1.26 7 726.64
2 1 1 3 17.36 3 4 2 3.00 4 0 2 6 1.33 9 553.64
3 1 3 4 29.64 3 4 3 2.50 4 0 5 15 1.38 9 553.52
4 1 1 1 34.66 3 4 2 3.00 4 1 1 2 1.40 10 148.94
5 1 1 1 15.00 2 5 5 2.50 4 0 1 3 1.39  7579.33
6 1 3 1 8.10 1 4 3 2.00 3 0 1 2 1.41 3 132.75
7 1 4 5 37.20 3 4 2 3.00 4 2 4 8 1.41 10 526.85
8 1 1 6 19.27 2 4 5 3.00 4 2 6 16 1.39 11 443.39
9 1 2 5 16.24 2 4 3 4.80 2 0 3 9 1.39 8991.48
10 1 1 4 9.90 1 5 4 3.00 4 1 5 12 1.41 9 445.61
26 1 4 1 38.22 3 1 5 7.10 3 1 12 35 1.38 8 847.06
27 1 4 1 28.29 2 1 3 7.00 4 1 28 53 1.41 8 571.81
28 2 2 1 42.57 3 5 4 7.40 2 1 11 34 1.41 8 650.36
29 1 1 5 22.03 2 5 1 6.76 2 1 15 28 1.39  9099.84
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A3 RuIAFMERKESE

R AR FHE TS B X, X, X3 X, Xs Xe X; Xy Xy Xy X Xy Xi3
X, 1.00 -0.05 -0.20 0.19 0.09 0.10 0.07 0.21 -0.26  0.15 -0.06  -0.05 0.09
X, -0.05 .00 -0.21 -0.07 -0.11 -0.39 0.31 0.11 0.09  0.12 0.22 0.06 0.27
X; -0.20 -0.21 1.00 -0.30 -0.22 0.66 -0.14 -0.55 0.01 0.16 -0.15  -0.15 -0.26
X, 0.19 -0.07  -0.30 1.00 0.76 -0.38 -0.20 0.67 0.15  0.37 0.53 0.68 0.10
Xs 0.09 -0.11  -0.22  0.76 1.00  -0.31 -0.24 0.41 0.15  0.14 0.19 0.32 0.00
X6 0.10 -0.39 0.66 -0.38 -0.31 1.00  -0.07 -0.75 -0.23  -0.07 -0.28 -0.26 -0.26
X, 0.07 031 -0.14 -0.20 -0.24 -0.07 1.00  -0.06 -0.19  0.04 0.10 0.04 0.16
Xy 0.21 0.11  -0.55  0.67 041 -0.75 -0.06 1.00 -0.04 0.22 0.51 0.53 0.30
X, -0.26 0.09 0.01 0.15 0.15 -023 -0.19 -0.04 1.00  0.29 0.07 0.07 0.10
Xio 0.15 0.12 0.16  0.37 0.14  -0.07 0.04 0.22 0.29 1.00 0.47 0.46 0.35
Xy -0.06 022 -0.15 0.53 0.19 -0.28 0.10 0.51 0.07 047 1.00 0.96 0.10
Xy, -0.05 0.06 -0.15 0.68 032 -0.26 0.04 0.53 0.07  0.46 0.96 1.00 0.04
X 0.09 027 -0.26  0.10 0.00 -0.26 0.16 0.30 0.10  0.35 0.10 0.04 1.00

R4 AR T ZTORER Rt oy 2 TRE

Y U — LRI 7 ZE KA/ % RII7 2 TR %

Y, 4.11 31.62 31.62

Y, 1.92 14.80 46.41

Y; 1.67 12.83 59.24

Y, 1.41 10.85 70.09

Ys 1.18 9.09 79.18

Yg 0.71 5.43 84.61

Y; 0.61 4.69 89.30

Yy 0.57 4.41 93.71

Y, 0.40 3.05 96.76

Yio 0.23 1.80 98.56

Yy 0.13 0.98 99.54

Y, 0.05 0.37 99.91

Y3 0.01 0.09 100.00

RS HAPE—LE R HMA
G Y, Y, Y, Y, Ys Y Y

1 0.00 1.00 0.57 0.39 0.92 0.26 0.69
2 0.00 1.00 0.79 0.78 0.72 0.33 0.59
3 0.00 0.92 0.48 1.00 0.67 0.08 0.59
4 0.20 1.00 0.78 0.91 0.00 0.55 0.25
5 0.00 0.51 0.80 0.31 1.00 0.79 0.23
6 0.00 0.29 0.59 0.80 0.82 1.00 0.90
7 0.50 1.00 0.06 0.98 0.00 0.37 0.87
8 0.26 1.00 0.00 0.64 0.42 0.56 0.35
9 0.00 0.82 0.68 0.48 0.94 1.00 0.73
10 0.00 0.81 0.15 0.72 0.52 1.00 0.53
26 1.00 0.00 0.33 0.46 0.79 0.01 0.37
27 1.00 0.12 0.00 0.72 0.59 0.57 0.79
28 1.00 0.79 0.98 0.00 0.48 0.68 0.80
29 0.00 0.98 0.22 0.06 0.36 1.00 0.60
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2.3 ERIEN

B 5 W 8dE T PCA-PSO-LSSVM ARAY (R 57, DASRERTY) 7 A 3 B AE AR (R i A A i, 256
7 JRR-EL s LR A A A s R R R RS A R 30, b Rk AR AR IR B O 100, 8 i I K
HORE RS 0 e UE  BE i 26, a8 2 R s N GRFEA VIR 1) PSO-LSSVM FERIVERE A&l 3 iR ; 3k
3 LSSVM £ A F C MRS E o EHE, B €=0.351 6,0 =0.867 2.

B2 BTHEAZENENE B3 PSO-LSSVM A& 4 5 )| %

P 2 AR Bt L AR A A 8 o, JFEIE 1o P (B A BB T RS E , B A = 32 AU k1R 5
LSS LSSVM BERYAYAR BEUIIZRAE . LN, 25 5 181 3 Al I ZRAE A I R 1 PSO-LSSVM 45
T HA B AN ARG, ELZE DI ZRREAS v S0 it -5 309 B2 o 19 B A IR 250 5.13% , Tl L 255K
PCA-PSO-LSSVM #3337 58 B
24 RENBEBESH

Rt Sr i (19 PCA-PSO-LSSVM A5 7Y 7 £33 4 8 B 430 9l B30 00 oA A A 0000 , 00 45 2R 55 PCA-
LSSVM J% PSO-LSSVM H R A5 S (9% FL AN P 4 Ffr s, 3 Fof S ASE SR X aCA A 1A 00 440 X 2 22
% 6 R

B4 3T AR T 4 sk b

HIPE 4 53 6 Al H1: PCA-PSO-LSSVM RO Tl 4aj t 45 PSO-LSSVM Jx PCA-LSSVM BERY i 55, 55901
BUREAS ST R A S e A BL 3 B, ELXH I aCRE AR R AT P00 14 F- 24 FH % % 22 5 PSO-LSSVM. 2 PCA-LSSVM
FHEEIP HIREAR T 70.52% 55 67.29%. fh e il WL, A SCR T PCA X446 K040 BEAT B Al A B, S5 B X0 4 e P 5
TR, WP T LSSVM BRI FINNRE B2 5 [A] i , 5% F PSO Xf LSSVM BRI AL 1 C % KBS 4 o i
FrieUEAE R, PR AL T LSSVM BRI FIINRE BE s e 28, #2119 PCA-PSO-LSSVM A5 B I i REAS - 1 A
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1R 25k 3.28% , 1 I 255 8 IR R pe ORI B A A R 22 B VFE (10% ) , B} PCA-PSO-LSSVM #: AU 1] ]
TLAAE A UL I B i 1 e A 3
& 6 3 FPIR BEA FRM By b AR RTIR £

R A IEVERZS PSO-LSSVM PCA-LSSVM PCA-PSO-LSSVM

% JUYH I i HIXTERIE/ % B X R/ % I 4 i X R R/ %
24 8 120.82 7 330.67 9.73 8 864.69 9.16 7618.15 6.19

25 8 494.39 7512.44 11.56 7 760.48 8.64 8 134.23 4.24

26 8 847.06 9 952.05 12.49 9 844.12 11.27 9 171.74 3.67

27 8 571.81 9 735.01 13.57 7703.48 10.13 8 444.09 1.49

28 8 650.36 7738.61 10.54 8 005.91 7.45 8 411.61 2.76

29 9 099.84 8 299.97 8.79 7 875.00 13.46 8 980.63 1.31

At — A B UEAS SR AR SR F) A () PR HL B0 H 5 GA-SVM [z GA-BP i 4 [o) 4% 45
AR TR T iy L1 AT X L 5 A A% R TR T i 5 5 0 R A ST SR A ) A AR X R 22 R P A S B

B 5 BABEAFF 4y b AR AR £

HIPE 5 n] 1 GA-BP M ZE BRI XS IR ZE(EHA T 4% ~ 8% , GA-SVM BRI 1R I (H L T4% ~ 6%,
PCA-PSO-LSSVM BERUAARF IR ZE(ENL T 1% ~6% , 3 Tl T U AH X 15 22 5 1l A 258 5 A8 TR 45 ¢ R SR i B X
PR AT IR ZE M EOR , {H PCA-PSO-LSSVM AT AR XS iR 25 /N, AL T 1% ~ 6% , - FA R R 22 43.28% ; &5
GA-BP 22 [ 25 BT A LE , - K AH XS iR 22 FR AR 1 48.13% 5 15 GA-SVM BETUAT LY , - By A 15 22 AR 17
38.60%.

L LI AR SCH i PCA-PSO-LSSVM AR ] F£5 5 45 S BB o [ BEBS WA 3 V1 S ml A, HL TR
JEDE T HAAR Y.

3 ik

1) SR JH 3 U3 43 MR AR A A A T R A KT A 1 ey 13 4ERRE 2 7 4k, A RUIBR T M B 5 42
i 1 BIRG E

2) RATRLFHERE N /N R SR R AL RS 1 € A RS ML o BT R UIEIR R , A5 8/
TSR U T PR RE SO , EL IO B B .

3) A5 BT AR T ARSI, R B R 45 R GA-BP #2245 AR & GA-SVM A FTn it
LA L, A SCr A PCA-PSO-LSSVM BRSSPI AR IR 22 N 3.28% il e £ 5 5 R 15 98 LR SR Be B e A 5
RERVHE(10%) ; AFRIAAXRZEEL GA-BP AT 5 GA-SVM #EYIIT 5, 70 AIFEAIK 1 48.13% ,38.60%.
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