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Abstract

transportation, a new ELM prediction model is developed. The ELM model takes pipe diameter, grain diameter, slurry density and

To accurately predict the critical flow velocity of Sijiaying’s large—capacity super fine tailings slurry in long self-flowing

volume concentration as input factors, and critical flow velocity as output factor. By comparing it with traditional BP neural networks
and support vector machines (SVMs), the superiority of ELM in improving precision and efficiency is demonstrated. It is revealed that
ELM models relative error is blow 5%, which is lower than BP model’s 9.56%. With the hidden node number being 110 and 200, the
training times of ELM are 0.02 s and 0.05 s, respectively, which both are far below the corresponding SVM’s 0.04 s and 0.095 s. The
random choice and good adaptability of hidden node number makes the new ELM model superior in improving precision and efficiency.

Keywords

large—capacity; critical flow velocity; extreme learning machine; prediction accuracy; computational efficiency

EIE A A ) A RIS FERCR Tk B AT R AP A H
e, AT A R RS i F TR PRE R Rl 42 4RI

PRFACE A AT LR AT RN TR R AR | ER,

VAR IR AT 1 7 K T A D ) PR T, PR W)
EREHKRE N T ARG Ra AT LB E e U R E X

BT, FZOE B AL T AL AR SR B R A RE
ISFIEEAE 2000 77 t AR B T ST R 10, AR 5e
SRR, B v ARG AT AR TR [ N ) R SRR SRR
w5200 m*-h HEOCRE RS A R R GE . BT A
FERPRARELA , ¥ 73R I FE B L 15 9~10, B 40 4 FE 0

H i B A L B S AR 458 P e R R LRE 1 {0 80~110
m’-h', RZ5R 1 20 tHh22 80 AR AU 84 |~ 2 45 0 S A7 i
SR A, AR BRI R 2 . E IR AT
PR MZEH T2 AR 8 2 AR S5 B R FEIER Y B
4 % 1% 2 5 ; Trafalis 55 ¥R HI 32 4F 1) 5 ML (support vector

AS B0 :2014-11-17 ;5= B #7:2015-04-20
Ao B B RA L4 %R B (2008BAB32B03)

Y A ZH R, HIR FER T G AR Fe R T L, BT 24 - wxm1958@126.com
3l AR B, TRE R, TRRAL, 5. R XA A a0 o B A K IE B A s s R ELM FUn (). A3 F4k, 2015, 33(15): 27-31.

27 I



—t

www.kjdb.org

F# S 2015,33(15)

SCIENCE & TECHNOLOGY REVIEW

machine , SV )RR 9 A U047 aod o v A ] 3 AR 25060 iz
M IAHEAT T 70238 BZ P48 10 Jm Al /I it ik 2% )
DA K 35 46 RN A 18 SR 0o 4 R T 22 30, SVM AR AL 18 35
i BT B A5 R A 0] R ™ o o) 2 1 R T A R Y R
R

TEWFFE AN 4 A B i 18 0 S R A 6l |
ML LS A I Tl 350 1) S BRAF 0 , T AN [ 10 57 4 2%
PRt AR 2R i S s Ayt PR R ) o U B
TEEE SR 5 W FR 2% 2 L (extreme learning machine , ELM ) #5 %4
M S5, 4 SR 51558 BP (back propagation) #fi 28 %]
2% SVM TS RS 47X He A3 BT, 48 90 AR SR A8 1 ik i
ST A (e RS RN R R0 T A R

1 BRmWERE

2 42 AV I ARAS TE 1 U S a2 B R R R A T
e BT R FONERE . FERURI th o 1 g A ST LS
TEEIET AW TR SR (E 1), 2EA
A DR PR 1 A 26 ) BEL T R A ORL 1412 IR 2
WIS WA AR AR . H W &I (H R H,) SRR B
ARG, S AT TSR | T PR 0 R P AL W 5 DA 8
BER AR AR ROIRAS o A48 (LA L) s 48 T 2% 14
AR 18 JEE AN ], ] 3D B SRR L B AR E PR i
) BRI S A E E PRI 3l 4 Mg RS e SR
B AL T IC TR R ARSI (9 0, Ui it e 43
S H AR, (AR e VA AE L 2, (R i R 2 S EUE S
P IURUZR , G SRt — P A R S B I B JE

FEERR

H

I

B FIHEERRAEEE
Fig. 1 Self-flowing transportation model of pipelines
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Table 1 Sample parameters Table 2 Normalized sample parameters
L B REREE RURA B Il S/ F9 B/ BERKEE REkA RO GRS
Fs mm (t-m™) pm /% (m-s™) 1 0000 0356 1.000 0.162 1.000
1 85 1.58 62 40.2 2.65 2 0.000 0667 1.000 0.640 0.917
2 85 1.72 62 455 2.59 3 0000  1.000 1.000 0.973 0.861
3 85 1.87 62 492 2.55 4 0333 0356 1.000 0.162 0.903
4 110 1.58 62 40.2 2.58 5 0333 0.667 1.000 0.640 0.819
5 110 1.72 62 455 2.52 6 0333  1.000 1.000 0.973 0.750
6 110 1.87 62 49.2 247 7 0.667 0.356 1.000 0.162 0.639
7 135 1.58 62 40.2 2.39 8  0.667  0.667 1.000 0.640 0.514
8 135 1.72 62 45.5 2.30 9 0667  1.000 1.000 0.973 0.431
9 135 1.87 62 49.2 2.24 10 1.000  0.067 1.000 0.000 0.264
10 160 1.45 62 384 2.12 11 1.000 0356 1.000 0.162 0.194
11 160 1.58 62 402 2.07 12 1.000  0.667 1.000 0.640 0.111
12 160 1.72 62 4.5 2.01 13 1000 1.000 1.000 0.973 0.000
13 160 1.87 62 49.2 1.93 14 0000  0.000 0.000 0.027 0.639
14 85 1.42 19 38.7 2.39 15 0000  0.289 0.000 0.216 0.556
15 85 135 19 408 233 16 0.000  0.578 0.000 0.703 0.486
16 85 1.68 19 46.2 228 17 0.000  0.933 0.000 1.000 0.389
17 85 1.84 19 495 2.21
18 1o s B 108 56 18 0333 0.289 0.000 0.216 0.458
o 110 L68 o 162 520 19 0333 0578 0.000 0.703 0.375
0 10 |84 19 195 510 20 0333 0933 0.000 1.000 0.264
21 135 142 19 387 218 21 0.667  0.000 0.000 0.027 0.347
” 135 184 19 495 198 22 0667 0933 0.000 1.000 0.069
23 g5 157 48 40,5 > a0 23 0.000  0.333 0.674 0.189 0.681
24 85 1.70 48 45.9 236 24 0.000 0.622 0.674 0.676 0.597
25 85 1.85 48 49 4 2.29 25 0.000 0.956 0.674 0.991 0.500
26 110 1.57 48 40.5 231 26  0.333 0.333 0.674 0.189 0.528
27 110 1.70 48 459 2.26 27 0.333 0.622 0.674 0.676 0.458
28 110 1.85 48 494 221 28 0333 0956 0.674 0.991 0.389
29 135 1.70 48 45.9 2.11 29 0.667  0.622 0.674 0.676 0.250
30 135 1.85 48 494 2.02 30 0.667  0.956 0.674 0.991 0.125
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Fig. 2 Accuracy of ELM model according to number
of hidden layer nodes
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Table 3 Model predictions and analysis
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Fig. 3 Comparison of predicted value and actual value
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Table 4 Comparison of predictions between BP and SVM
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26 231 253 9.5 2.37 2.8
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29 211 1.97 -6.6 2.08 -1.4
30 202 225 11.4 2.05 L5

FEAG 5 SEprE T e FAXT R Z2/%
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Fig. 4 Computational efficiencies of SVM and ELM
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