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The applicability and optimization strategy of swarm intelligence
algorithm in back-calculation of pavement structural parameters

YANG Senshun’, DENG Shangying’, FAN Haishan?’, ZHANG Junhuf’
(1. Guangxi Communications Design Group Co., Ltd., Nanning 530029, P. R. China; 2. School of Traffic and

Transportation Engineering, Changsha University of Science and Technology, Changsha 410114, P. R. China)

Abstract: With the successful application of swarm intelligence algorithms in the back analysis of pavement

structural parameters, the problems of complex multivariate nonlinear optimization have been solved, while

how to choose an appropriate algorithm is always the urgent problem in the back analysis of pavement structural

parameters. In view of the characteristics of the back analysis of pavement structural parameters, such as

complex models, numerous inversion parameters, and quite time-consuming forward calculation procedures,

eight common swarm intelligence algorithms are selected in this paper. Related researches on the performance of

the algorithms under the limited number of forward calculation calls are carried out. In this paper, the swarm
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intelligence algorithm is further tested by taking the inversion problem of the pavement structure parameters
considering the material transverse isotropy and the contact state between layers as an example. The research
results show that different algorithms have their own characteristics. Among them, particle swarm optimization
(PSO), genetic algorithm (GA), brain storm optimization (BSO), artificial bee colony (ABC) and fireworks
algorithm (FWA) work better in multi-peak problems. The firefly algorithm (FA) has a faster rate of
convergence when solving the problem of a flat area near the optimal solution. For genetic algorithms , the later
rate of convergence of the real number coding method is higher than that of the binary coding method, but the
search ability for multi-peak problems is weaker. Artificial fish-school algorithm (AFA) and shuffled frog leaping
algorithm (SLLA) have better optimization ability only under a larger number of forward calculation calls. For
inversion of pavement structure parameters, PSO, GA, BSO and FA have good inversion results in deflection
curve matching, while BSO can get the best inversion result in the view of correlation coefficient.

Keywords: subgrade and pavement; parameter back analysis; swarm intelligence algorithm; brain storm

optimization; genetic algorithm; particle swarm optimization
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Fig.2 Schematic diagram of the swarm intelligence algorithm
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Fig.4 Algorithm performance test results
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Table 4 Range of the pavement structure parameters
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Fig.5 Four-layer mechanical model of the pavement structure
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Table 5 Backcalculation results of the pavement structure parameters (correlation coefficient)

. AR KRR PR @ ¥y

ik E, E., E, E. n, n, n, n, a, a, a, fE
MPSO 0.88 0.91 0.87 0.99 0.38 0.23 —0.13 0.70 0.32 0.11 0.49 31.73
BSO 0.98 0.96 0.96 1.00 0.76 0.42 0.25 0.81 0.78 0.57 0.82 33.25
FA 0.93 0.94 0.88 0.99 0.42 0.21 —0.40 0.55 0.29 0.62 0.69 33.73
SLA 0.89 0.91 0.92 0.99 0.69 0.48 0.18 0.53 0.25 0.47 0.52 87.46
i MGA 0.91 0.92 0.91 0.98 0.54 0.46 0.35 0.70 0.27 0.13 0.60 39.48
S MGA 0.92 0.95 0.97 0.99 0.62 0.56 0.23 0.48 0.48 —0.15 0.83 32.04
AFA 0.95 0.96 0.97 0.99 0.53 0.25 0.11 0.70 0.15 0. 26 0.59 60.41
ABC 0.72 0.88 0.83 1.00 0.71 0.23 0.00 0. 54 0.49 —0.09 0.41 52.81
FWA 0.88 0.90 0.91 1.00 0.61 0.31 —0.04 0.45 0.28 —0.07 0.37 59.62

*6 HELZMSBREER(THRE)
Table 6 Backcalculation results of the pavement structure parameters (average error)
SR 22 Y PR DY

E, E, E,. E, n; 1y ny un a, A, .y 18
MPSO 10.8 14.6 20.3 0.10 75.6 56. 6 58.1 17.6 182.0 155.0 66. 6 31.73
BSO 4.79 9.18 10.9 0.09 42.7 35.9 37.4 12.3 29.2 38.9 21.1 33.25
FA 9.67 12.9 15.5 0.12 125.0 45.5 76.0 15.2 46.3 405.5 87.2 33.73
SLA 13.6 14.8 15.1 0.11 81.1 32.2 48.3 14.8 44.3 104.7 186.0 87.46
R MGA 9.19 12.6 16.5 0.11 74.1 47.0 53.2 15.7 51.3 64.1 101.0 39.48
S MGA 8.78 13.8 10.6 0.09 68.5 28.7 44.7 18.6 32.2 557.5 36.8 32.04
AFA 8.78 13.9 10.6 0.14 68.5 28.7 44.7 18.6 32.3 557.5 36.8 60.41
ABC 19.1 16.6 18.6 0.13 51.4 62.4 76.6 18.2 213.0 228.2 95.8 52.81
FWA 13.6 15.3 19.8 0.20 58.6 56.4 58.3 19.3 206.0 60. 6 165.0 59.62
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Fig. 6 Backcalculation results of vertical modulus E, by different algorithm
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Fig.7 Backcalculation results of modulus ratio n by different algorithm
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