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Fig. 1 Three layers topological structure of FONN
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Tab.1 Values of debris flow average velocity and impact factors in Jiangjia Ravine: 1974
No. y x1 ke x3 k1 5 No. v x1 x2 3 x4 x5
1 8.9 175 6.3 2.08 0.8 0. 80 26 6.9 250 o. 2.22 0.9 1. 06
2 8.8 150 6.3 2.20 1.1 0.72 27 6.6 226 5. 2.13 1.1 0.92
3 7.4 200 6.3 2.21 1.7 0.97 28 6.0 120 o. 2.20 0.8 0.51
4 7.9 200 6.3 2.25 1.4 0.99 29 7.4 145 5. ¢ 2.25 1.1 0.62
5 10.0 95 6.3 2.16 0.6 0. 45 30 5.0 65 5.9 2.24 1.1 0.28
6 7.4 55 6.3 2.25 0.9 0. 27 31 6.9 122 5.9 2.21 1.0 0.52
7 7.6 11 6.3 2.07 0.7 0. 50 32 7.5 168 5.5 2.28 1.6 0.73
8 7.6 100 6.3 2.19 0.9 0.48 33 9.2 372 6.6 2.21 1.2 1. 88
9 7.3 90 6.3 2.21 1.0 0. 44 34 5.8 107 5.9 2.29 1.2 0.47
10 6.6 70 6.3 2.19 1.2 0.34 35 3.6 52 5.8 1.70 0.1 0.18
11 9.6 275 6.6 2.21 1.6 1. 40 36 5.8 103 5.9 2.21 0.8 0. 44
12 7.5 170 6.6 2.19 1.1 0. 85 37 5.6 70 5.5 1.92 0.3 0. 26
13 8.4 210 6.6 2.20 0.8 1. 06 38 4.1 70 5.8 1. 80 0.2 0. 25
14 8.1 160 6.6 2.22 1.2 0. 82 39 4.8 93 5.8 1.92 0.3 0. 36
15 8.2 130 6.6 2.20 0.7 0. 66 40 3.6 58 5.8 1. 69 0.2 0. 20
16 9.6 220 6.6 2.29 1.5 1.16 41 3.5 50 5.8 1.76 0.2 0.18
17 9.4 210 6.6 2.21 1.2 1.07 42 4.9 60 5.5 1.99 0.6 0.23
18 9.3 210 6.3 2.29 1.0 1. 05 43 4.7 60 5.9 1.97 0.5 0.23
19 8.5 200 6.3 2.30 1.5 1.01 44 7.7 161 5.9 2.25 1.0 0.69
20 4.0 40 6.3 2.04 0.3 0.18 45 7.7 177 5.5 2.24 1.1 0.76
21 7.8 140 6.3 1.95 0.6 0. 60 46 3.9 60 5.5 1.83 0.1 0.21
22 3.7 40 6.3 2.02 0.1 0.18 47 3.9 55 5.8 2.07 0.8 0.23
23 3.8 40 6.3 1. 85 0.1 0.16 48 6.4 109 5.9 2.25 1.1 0.47
24 9.3 210 6.3 2.21 1.1 1.02 49 3.7 55 5.8 1. 80 0.1 0. 20
25 6.9 202 5.5 2.27 1.7 0. 88 50 7.6 125 6.3 2.10 0.6 0.57
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Tab. 2 Values of iy and i, A5V A3 5 10 25 SRR R (100 2 151 75 5

Limax Limin

v & M, FE AR IR 2 4 XHE | E, | Cabsolute

N 10. 100 3. 465

x 375.720 10. 891

11 6. 666 5. 446 value of relative error) & 11455 5 Manning & 1E

x3 2.323 1.673

n 1.717 0. 099 TR R AT L — ) TR 5.

x5 1. 899 0.158
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Tab. 3 Normalization values of debris flow average velocity and impact factors in Jiangjia Ravine: 1974

j MCup) n r 3 7y rs j MCup;) r ro r3 ry s
1 0.181 0.550 0.300 0.374 0.567 0.631 26 0.482 0.345 0.955 0.159 0.505 0.482
2 0.196 0.619 0.300 0.189 0.381 0.677 27 0.528 0.410 0.955 0.297 0.381 0.562
3 0.407 0.482 0.300 0.174 0.011 0.534 28 0.618 0.701 0.955 0.189 0.567 0.798
4 0.332 0.482 0.300 0.112 0.196 0.522 29 0.407 0.632 0.955 0.112 0.381 0.735
5 0.015 0.769 0.300 0.251 0.690 0.832 30 0.769 0.852 0.955 0.128 0.381 0.930
6 0.407 0.879 0.300 0.112 0.505 0.936 31 0.482 0.695 0.955 0.174 0.443 0.792
7 0.377 1.000 0.300 0.389 0.629 0.804 32 0.392 0.569 0.955 0.066 0.072 0.672
8 0.377 0.756 0.300 0.205 0.505 0.815 33 0.136 0.010 0.054 0.174 0.320 0.011
9 0.422 0.783 0.300 0.174 0.443 0.838 34 0.648 0.737 0.955 0.051 0.320 0.821
10 0.528 0.838 0.300 0.205 0.320 0.896 35 0.980 0.887 0.710 0.959 0.999 0.988
11 0.075 0.276 0.054 0.174 0.072 0.287 36 0.648 0.748 0.955 0.174 0.567 0.838
12 0.392 0.564 0.054 0.205 0.381 0.603 37 0.678 0.838 0.955 0.620 0.876 0.942
13 0.256 0.454 0.054 0.189 0.567 0.482 38 0.904 0.838 0.710 0.805 0.938 0.947
14 0.301 0.591 0.054 0.159 0.320 0.620 39 0.799 0.775 0.710 0.620 0.876 0.884
15 0.286 0.674 0.054 0.189 0.629 0.712 40 0.980 0.871 0.710 0.974 0.938 0.976
16 0.075 0.427 0.054 0.051 0.134 0.425 41 0.995 0.893 0.710 0.867 0.938 0.988
17 0.106 0.454 0.054 0.174 0.320 0.476 42 0.784 0.865 0.955 0.513 0.690 0.959
18 0.121 0.454 0.300 0.051 0.443 0.488 43 0.814 0.865 0.955 0.543 0.752 0.959
19 0.241 0.482 0.300 0.035 0.134 0.511 44 0.362 0.589 0.955 0.112 0.443 0.695
20 0.919 0.920 0.300 0.436 0.876 0.988 45 0.362 0.545 0.955 0.128 0.381 0.654
21 0.347 0.646 0.300 0.574 0.690 0.746 46 0.934 0.865 0.955 0.759 0.999 0.970
22 0.965 0.920 0.300 0.466 0.999 0.988 47 0.934 0.879 0.710 0.389 0.567 0.959
23 0.950 0.920 0.300 0.728 0.999 0.999 48 0.558 0.731 0.955 0.112 0.381 0.821
24 0.121 0.454 0.300 0.174 0.381 0.505 49 0.965 0.879 0.710 0.805 0.999 0.976
25 0.482 0.476 0.955 0.082 0.011 0.585 50 0.377 0.687 0.300 0.343 0.690 0.764
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Tab.4 Weights of FONN

ISP (S R Wep Wik Wk Wy Wy W
k=1 0.3747 8.3831 —4.7873 0.7392 1.9873  3.3860
—2 k=2 1.3139 —0.044 7 0.0447 0.1562 —0.0503  0.416 6
k=1 —0.6228 2.7119 3.4283—9.2349  5.7243  4.304 4
=3 k=2 0.836 6 —2.125 2 3.176 9 7.1875  6.7523 —0.783 8
k=3 0.754 1 —0.078 4 0.1913 0.3497 0.1452  0.310 2
k=1 0.7498 2.2394 —1.4847 0.2575 5.9108 —6.4200
k=2 1.3355 —3.259 8 1.1307—3.0155 0.3702  1.293 1
= k=3 —1.3931 —7.3245 —3.9575—2.7554 —8.4273 —7.909 0
k=14 1.8775 2.2940 —9.9512 3.4163 —1.2712 —0.899 1
k=1 1.5649  2.0963 —9.4865 3.2006 —1.0539 —0.824 8
k=2 0.6177 1.9162 —1.5161 0.2509  6.2014 —6.4010
=5 k=3 —1.1773 —1.7625 —3.8865—0.7407 —9.776 1 —1.970 9
k=14 1.4435 —9.9537 —0.6880—4.4438 0.9212  9.608 8
k=5 1.2505  1.8785 1.0933 2.4584 —1.1131 —3.3834
k=1 —0.4082  2.7689 3.7157 1.8045 4.1240  4.014 4
k=2 0.4414  0.803 3 6.7432 0.7990 —0.1490 —4.0310
k=3 1.060 4 —1.655 1 1.0019 0.1636 —0.1196 —0.026 0
=6 k=14 1.0805  0.4948 —1.4456—9.9970  6.698 8 —3.894 4
k=5 —0.156 9 —0.6415 1.4328 1.4746 —2.0643 0.2191
k=6 0.357 1 1.3237 —1.1901—0.3994 5.7379 —5.182 3
k5 WHERIE |4tk
Tab.5 Statistics of | E,| of output %
. FONN Manning
Siitmi H i
2 BT 3 By A 4 B R 5 B 6 Bt S BIEAR
L E:| S 378.8 387.8 216. 8 178.6 212. 4 575.7
| E. | Fe R fE 41.8 35.0 18. 8 14.3 16. 8 35.1
| Ee | =30 %0 A E L 5] 4.4 6.7 0 0 0 8.9
20% <<| E. | <<30 Y FEA K LL 5] 6.7 4.4 0 0 0 15.6
10 % << | B | <520 % BE AR % L i) 17. 8 17.8 11.1 4.4 15.6 24. 4
| Ec <10 % BEAHL L ] 71.1 71.1 88.9 95.6 84. 4 51.1
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) T 235 SR e R 22 M 10. 4 % (No. 42) , Hifth i
ARG BE 255 . T LA 2 A 4R 1 R b
X E s HE Al L L FONN H 5 ANBRs 5 24540 41
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Tab. 6 Relative error absolute values of forecasting results %
FONN Manning

No.

2 Ay s 3 B R 4 B R 5 B A 6 B AL BIEAR
11 4.1 0.4 1.3 0.3 1.0 7.3
21 14.3 17.4 6.2 3.0 4.5 3.8
27 3.1 7.5 10.1 0.8 1.7 24.2
42 14.0 15.7 13.7 10. 4 2.5 14.3
49 4.5 3.6 0 4.5 6.1 27.0
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Research on application of fuzzy optimization neural network model
to debris flow average velocity forecasting

CHAI Chun-ling"*, CHEN Shou-yu™'

( 1. School of Civil and Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China;
2. College of Urban and Rural Construction, Agricultural University of Hebei, Baoding 071000, China )

Abstract: Debris flow average velocity is one of the basic parameters in civil engineering design, and
its forecasting precision directly influences the investment. Fuzzy optimization neural network
(FONN) model is applied to debris flow average velocity's forecasting. That is using the fuzzy
variable recognition model in which the parameter of optimization criterion is equal to 2 and parameter
of distance is equal to 1 as the activation function of neural network. Based on the study of forecasting
precision in different numbers of the hidden node, and the topological structure with highest precision
is selected for viscous debris flow average velocity's forecasting in Jiangjia Ravine. Research results

show that the precisions of fitting and forecasting are satisfactory and can be useful for design.

Key words: fuzzy optimization; neural network; forecasting; debris flow; average velocity



