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Research on investment estimation of comprehensive pipe gallery
based on GA-BP neural network

HU Qing-guo,CAI Meng-long, HE Zhong-ming
(School of Traffic and Transportation Engineering,Changsha University of Science &
Technology,Changsha 410114 ,China)

Abstract: The cost of comprehensive pipe gallery is higher than that of traditional municipal
pipeline facilities, and its investment estimation has the characteristics of having many in-
fluence factors, nonlinearity and so on. Considering 10 characteristic factors such as the
length of the corridor, the cross-sectional area, the number of cabins, and the number of
pipelines, a prediction model was established based on GA-BP neural network, combining
with the advantages of Genetic Algorithm (GA) and BP neural network model. Through
MATLAB simulation experiments, the investment estimation of comprehensive pipe gallery
was predicted and compared with calculating results of traditional BP neural network. The
results show that the simulation output value of the test sample is in good linear agreement
with the true value of the test sample, and the error is less than 5%. Compared with tradi-
tional BP neural network model, GA-BP neural network model has a higher computational
accuracy, which indicates that GA-BP neural network model has certain feasibility and
effectiveness in engineering applications.
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Fig. 1 The structure of BP neural network
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Fig. 2 The flow chart of GA-BP neural network algorithm
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Table 1 Characteristic quantizing table of

comprehensive pipe gallery
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Table 2 Parameters setting of GA-BP algorithm
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Table 3 Original data
A A ) i Y 1)
5 I/ I,/ I,/ L./ I, Is/ 17/ Ig/ g I, i Q/
m m? A m (tem™ ) (tem™ " 4 (J5J6 » km™1)
1 4 800 32. 40 2 3.0 1 2.95 17.23 5 4 1 7 726. 64
2 4 705 17. 36 3 3.0 5 1.94 14. 54 5 4 1 9 553. 64
3 2 350 29. 64 3 2.5 5 2.55 18. 39 5 4 1 9 553.52
4 10 150 34. 66 3 3.0 5 3.53 19.99 6 4 1 10 148. 94
5 4 150 15. 00 2 2.5 5 0. 86 6.56 5 4 1 7 579.33
6 320 8. 10 1 2.0 3 0.71 5.68 3 4 1 3132.75
7 7 000 37.20 3 3.0 4 3.98 19.07 4 4 1 10 526. 85
29 5214 19. 27 2 3.0 5 3.06 15. 86 6 4 1 11 443. 39
30 1 000 16. 24 2 4.8 3 2.35 19. 87 6 4 1 8 991. 48
31 1029 9.90 1 3.0 4 1.97 9.22 4 4 1 9 445.61
T4 BB REHKE
Table 4 Normalized original data
I,/ I,/ I3/ I,/ Is/ I;/ Is/ &M Q/
B I Iy I1o
m m? A~ m (tem ) (tem D A (J1JG « km™ 1)
1 0.293 3 0.569 6 0. 25 0.357 1 0 0.057 0 0.194 7 0. 666 7 0.5 0 0.319 8
2 0.287 1 0.217 1 0. 50 0.357 1 1.00 0.0313 0.149 4 0.666 7 0.5 0 0.440 4
3 0.132 9 0.505 0 0. 50 0.178 6 1.00 0.046 9 0.214 3 0.666 7 0.5 0 0.440 4
4 0.643 5 0.622 7 0. 50 0.357 1 1.00 0.0718 0.241 3 1. 000 0 0.5 0 0.479 8
5 0.250 7 0.162 8 0. 25 0.176 8 1.00 0.003 8 0.014 8 0.666 7 0.5 0 0.310 1
6 0 0 0 0 0.50 0 0 0 0.5 0 0.016 4
7 0.437 3 0.682 2 0. 50 0.357 1 0.75 0.083 3 0.225 8 0.333 3 0.5 0 0.504 7
29 0.302 4 0.261 9 0. 25 0.357 1 1.00 0.059 8 0.171 6 1. 000 0 0.5 0 0.565 2
30 0.044 5 0.190 8 0. 25 1. 000 0 0.50 0.041 8 0.239 6 1. 000 0 1.0 0 0.403 3
31 0.046 4 0.042 2 0 0.357 1 0.75 0.0321 0.059 7 0.333 3 0.5 0 0.433 3




” YR KFFRCARMF R

2020 %6 A

3.2 Mgt

ABIE ST B B 2 0 2 58 43 R T B B2 3 2 4%
GER . B LRt WAL FE A 10 AN HA AR R
TR B AE R A L B AR 3 10 A
o R TR M VE R i 20 AR A B4 R
B 1A L xR E 2R g oo g s
R CUBaE A 8 I R Bl #oph &t
BN 8 4,
3.3 HEBITE

iz Jl MATLAB R2016a 4% # . F F B #HLHE 5
() 31 AAEAIEST BP 2 45 I 2k ¥ 3 4 A
— AL 5 A ] e A B ST A
GA-BP #ift 22 [ 4 00 A5 R0 ey, 0 47 00 26 1 25 5 2
2. WS & 3 TR .

5.536 2
5.536 0
5.5358
5.5356

PRAIL/ (x107)

5.5354

i

5.5352

H#

5.5350

5.5348

0 10 20 30 40 50 60 70 80 90 100
AR EL
3 GA-BP Ay 2 W 4 M s £,

Fig. 3 Convergence curve of GA-BP neural network
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Table 5 The result of sample calculation and

relative error

. Wi/ GA-BP SR 26 X 15
AR - B AR 5%
it - fd/COioc « 2/7
i B /%
km~—1) km~—1) gt km™ 1)
1 7 726. 64 7 714,79 —11.85 —0.15
2 9 553. 64 9 527.23 —26.41 —0.28
3 9 553. 52 9 541,56 —11. 96 —0.13
4 10 148.94 10 143.73 —5.21 —0.05
5 7579.33 7 599. 68 20. 35 0.27
6 3132.75 3135.07 2.32 0.07
7 10 526.85 10 521.01 —11.85 —0.06
30 8 991. 48 8 991. 46 —0.02 0
31 9 445, 61 9 449, 22 3.61 0. 04
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Fig. 4 Comparison of prediction results
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Table 6 Comparison of calculation results

Tk e SR {E wWE AxR2E %
BP it 22 % 2% 29 11 443.39 10 487.99 —8.34
BP #1224 31 9445.61  8291.17 —12.22
GA-BP &3 29 11 443.39 10 402. 36 —0. 86
GA-BP B3 31 9 445.61 9 449.22 0. 04
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Table 7 Analysis of regression index

Ak R? MSE RMSE MAPE MAD
BP M M4 0.928 9 640 382.43 800.24 5.844 2 593.28
GA-BP#&3: 0.9919  8267.94 90.93 0.4823 51.42
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