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Abstract

UHV project is with high investment and large scale. The prediction of UHV project cost is of great
significance to improve the economic benefits of UHV construction and to guide the decision and
management of the actual project. Firstly, according to the characteristics of UHV project, this pa-
per analyzes the cost forecasting method of UHV project, and puts forward a multi-cost-forecasting
method to construct the forecasting models. Then, according to the results of each forecasting
model, the Entropy Method is utilized to compute the prediction weight of each model. Due to the
limitations of each method and the characteristics of historical data of UHV projects, the combina-
tion prediction weights of all used methods are modified to get the final cost combination fore-
casting model. Finally, the effectiveness of the combined forecasting model is illustrated by a DC
Conversion Station Project and a DC Transmission Line Project.
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DR v S (10 R 2 2 4 A8 U FEL R S5 0 #F 1000 KV S A 1, ELifHUE 25244800 kV K LA F. FFmE
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SRR AR B DABGHIE BT 88 7 S8 (& 38k . SCBR[2) AR 95 32 57 71 = HL(Support Vector Machine, SVM)#itt, 14
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B 5 18 SRR R BT 0 S8 PR T . SCIHR[4] FH 528 v TR (1 15 sl 5 g s 3 1 N T4 42 o 2%
(Artificial Neural Networks, ANN)FIAL#5 27 SJ A8 ok FC N FH 21 H ) TRRE Mo SCER[S]4E tH—Fh 5 BOR)
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WAL TREM B it TAERD, BRSO I e Bm il &t o Mrs s ok, e Ae i TFE
KAL) 7 0 ANE

22. HEEIEENTNELR
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Figure 1. Decomposition level of converter station project
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Figure 2. Cost forecasting process of UHV project
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35, RIFREAERN S REN AR

¥ #5925 (Particle Swarm Optimization, PSO) /& —Fl & B 532, JLid il LA 2 18] (1 38 4 FO i
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(IRE L o

4. HETNRE R
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B TS B E R 00 F T DA TRINEE R, JC IR 50 UE A AR TR BRI A FROMI A 2 Ao T T A A
g A PR A AR ) 5 5N T B 1/5. 4682 A ANN. SVM. GASVM. PSOSVM, H
X R 43 A R PR Yo 235 SRR, XT38 40— A R vy ol 5 SR 22, B R S v U (2) A U (B) I 20 3R,
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Table 1. Forecast cost of converter station project (unit: RMB)
= 1 R TIRENTUNEIE(EBAL: T)

RS A Hrpm MLR ANN SVM GASVM PSOSVM
Wi Al R 26,190,930 30,178,110 29,954,000 29,720,000 28,255,000
FOE 29,180,973
MR P 33,254,532 25,542,473 32,168,000 32,109,000 34,110,000
R 38,647,503 39,418,180 35,857,000 35,964,000 50,301,000
[ REER R = 38,540,222
P 29,391,897 67,077,103 45,444,000 35,964,000 46,973,000
. R 158,520,724 154,335,099 167,780,000 153,540,000 153,830,000
FEA S 158,085,575
P 206,008,382 163,549,927 174,280,000 153,540,000 153,580,000
R 87,979,141 103,555,397 106,160,000 106,130,000 16,380,000
AHENAE P 107,162,910
P 170,550,478 159,213,321 120,690,000 106,200,000 128,010,000
S R 63,626,785 67,714,868 68,348,000 73,985,000 73,978,000
5 o 70,953,730
HIR TR P 136,828,672 86,494,506 75,376,000 73,985,000 73,985,000
R 5,903,079 6,225,802 6,537,100 6,608,800 6,551,600
1) 7158 9% 2 s B 5,903,206
P 3,184,765 5,193,556 6,593,900 6,658,600 6,551,600
R 12,542,707 11,507,900 11,634,000 11,772,000 11391000
Wi As R Y5225 9 12,544,653
P 10,874,284 12,181,846 11,826,000 11,548,000 11390000
R 34,528,147 32,044,319 20,241,000 28,459,000 26513000
Jic HE G B e g o 34,530,675
P -1,779,614 30,704,902 23,913,000 27,938,000 25513000
Fof 3 A TR R 113,789,265 113,096,770 86,560,000 83,810,000 104120000
T 116,451,318
LA P 119,367,730  119,845526 108,930,000 107,210,000 104120000
R 873,313,017 887,819,416 859,890,000 795,120,000 835220000
1T 55 3% 879,881,287
P 1,121,888,374 795,511,422 867,870,000 833,490,000 835220000
) R 1,529,755,924  1,563,355,008 1,435,700,000 1,426,700,000 1443500000
WAE R &% 1,546,917,328
P 1,540,916,154 1,658,286,432  1,495,000,000 1,526,000,000 1489500000
R 1,044,400,542 954,962,157  1,036,600,000 1,035,100,000 1130900000
fiC 3 B A o 1,044,343,490
P —746,938,938 945282687  1,201,400,000 1,200,200,000 1192400000
Hofl A TR R 211,880,338 199,943,633 197,240,000 197,310,000 202330000
ey 211,898,034
B B P 233,768,139 212,018,940 197,240,000 197,310,000 211910000
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Table 2. Weight of each forecasting model of converter station project
2. R LIRS TUNRENE

THRH Sl HdERA AT MLR #{E ANNE SVM HE GASVM L E PSOSVM L H
o R 29,685,728.891
*ﬁ*”'h%iﬁ 29,180,973 0.017 0.182 0.263 0.457 0.080
I P 31,111,071.670
R 38,629,730.145
WO B A 38,540,222 0.875 0.074 0.023 0.024 0.004
p 32,773,776.142
R 158,004,652.067
EEEA R 158,085,575 0.820 0.062 0.022 0.050 0.045
P 197,630,627.344
R 105,792,733.407
ARSI 107,162,910 0.000 0.089 0.464 0.445 0.001
P 117,687,378.908
JETT R 70,127,243.100
%J”f;ﬁfm 70,953,730 0.023 0.256 0.358 0.283 0.081
IR P 79,114,341.685
R 5,903,417.622
W% 2e3E % 5,903,206 0.999 0.000 0.000 0.000 0.000
P 3,186,604.688
AR E L R 12,537,592.900
f&@i;ﬁ 12,544,653 0.995 0.001 0.001 0.002 0.001
= P 10,878,931.409
R 29,279,713.948
Wi E a2 34,530,675 0.000 0528 0.092 0.216 0.164
p 28,633,267.787
S R 111,040,769.182
;iﬁﬁffigéé 116,451,318 0371 0513 0.035 0.032 0.049
s p 118,107,560.522
R 875,501,403.867
W &% 879,881,287 0313 0.494 0.141 0.027 0.026
p 909,785,541.133
- R 1538523,676.095
*ﬁf’jﬁﬁ’%% 1,546,917,328 0.263 0614 0.051 0.047 0.025
B ot P 1,608,572,040.382
R 1,036,610,949.435
Ml % 2 1,044,343,490 0.000 0.043 0.497 0.416 0.044
P 1,189,515,667.595
FT— R 211,833,653.610
/‘ﬁﬁ?%gﬁgg‘ 211,898,034 0.996 0.001 0.001 0.001 0.001
BNE S P 233,661,839.041

MR LA EACE SR, tH IR AS s A 41 S FRIAE Dy 4,223,471,264 TG, 5IAEREAIE Y L SR 1)
AFGHRZ /0N 0.773. MLR. ANN. SVM. GASVM. PSOSVM F.Ff Tl A 74 (it 3¢ 47 F5000 246 %t i3 2
535 1,300, 2.167. 4.555. 6.394. 4.067. W] WA SCHE H ) 2 Fh o7 ik 40 G PO A5 8 B AT — B — 1A T
RS RE, AT DAy — PR iy e TR A PR 38 S35 9% el DL A 5 R T AR G AN UE 73455
TR TAE & A 4,527,736,511 Jt, o] HiZEE TR 3 SEhR i fr & TR R
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FH R1. R2. R3 1 R4 43 R R AN ERUEAEAS A& FRINAE s P 2= AR T LA st TR W
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Table 3. Forecast cost of DC transmission line project and weight of each forecasting model (unit: RMB/km)

3 ERGBRIFBENTNGERS SR EERA: JT/FK)

A HgERA TR MLR ANN SVM GASVM PSOSVM

151,058 R1 141,116 109,248 162,929 94,480 125,700 157,830

104,035 R2 99,628 96,088 115,111 97,270 89,410 78,490

+r TR 111,015 R3 99,483 91,674 101,207 102,400 107,100 85,860
126,600 R4 122,079 107,743 137,113 94,760 120,960 108,610

- P 109,686 98,587 105,921 98,640 122,760 112,120

TR A - w - 0.112 0.406 0.082 0.254 0.147
408,556 R1 380,948 330,027 433,545 305,960 343,850 384,690

325,194 R2 361,968 390,053 354,270 298,750 381,250 365,950

St TR 475,878 R3 453,994 448,664 526,264 340,780 393,800 434,990
436,400 R4 409,340 397,878 410,972 430,440 422,900 401,170

- P 404,762 327,673 521,854 203,610 264,480 430,770

TR - W - 0.145 0.334 0.084 0.134 0.303
951,479 R1 975,856 946,803 978,328 943,700 986,100 1,058,600

1,229,584 R2 1,108,082 1,100,936 1,354,018 889,000 1,037,300 907,200

FrEE T 7% 978,566 R3 984,501 959,220 1,158,544 784,000 868,400 1,001,300
1,206,300 R4 1,290,554 1,316,465 1,211,014 1,406,100 1,375,500 1,192,400

- P 1,040,340 919,382 1,394,276 734,500 813,100 1,190,800

PR - W - 0.375 0.244 0.085 0.158 0.138
813,531 R1 815,935 814,344 812,487 814,130 811,150 867,970

825,597 R2 822,786 824,589 815,049 817,960 818,050 868,100

L TR 760,316 R3 758,861 755,074 783,052 744,440 747,890 865,840
834,600 R4 861,573 868,214 743,861 878,880 878,300 867,770

- P 830,231 809,180 850,982 835,760 845,560 868,030

(LR - w - 0.404 0.091 0.223 0.234 0.048
238,947 R1 245,866 231,826 273,496 252,970 248,910 252,970

268,932 R2 283,651 278,495.3 257,614.2 286,670 284,020 286,670

B pE TR 284,326 R3 303,188 303,491.6 256,909.5 302,280 304,500 302,280
381,700 R4 386,049 392,318.7 362,276.1 382,750 384,920 382,750

- P 403,802 401,516.8 11,996.96 412,250 390,970 412,250

AT - w - 0.288 0.000 0.230 0.252 0.230




R

Table 4. Forecast errors of DC transmission line project
4. BERGEIEMMNRE

AT R 2 MLR %% ANN iR 7% SVM %7 GASVM % PSOSVM 2%
0.150 5.123 3.792 5.942 1.867 6.182
2.805 2.295 5.184 13.209 5.205 8.968
0.386 1.991 8.271 12.881 7.219 3.071
2.813 3.250 4.031 6.944 6.598 1.102

2% 4 N EL A A TR 7R 5 B — AR TR ) 36 FAE A BRI T AR B M iR 22, f L ZEL 4 T A
Y JUF EE AT A B — SO TR T 4% 25 B )N, SEE I ESIEA . Bn 15 B A U R A 3 A TRIE A
2,788,821, n] HULFUMIEMEFE T SLbri) TAREIEM IR, BFE 5L,
6. &518

TGN FEA 2 bR L, BEN TR IE M F ) H AR 6 & BEA 2 AR R At Bk 4R, ik
R it T A R B AR AR I AE N AR R IR S S . A CSCIR IR = R DAEREA D, TREEN &, &
W EHEASRTE S AR £, SR FH /N AR 5 D) A0 2 T 5 D A7 v IR AR I A T . AR SCIEHL MLR.
ANN. SVM. GASVM Fl1 PSOSVM F{uid F T-/INFE AR (1) 000 77 V240 4 PSS 28, AR 7 seRE A
R R IE TR, 5 J5 AR S IR FH 2H & Tl B S0 A va Pk ARG A o R e e EL IR s LA A
B TR NG TS SRR 38—, SR T /NFE A 5 DR 2 4 Fo0 00 Jee D PR v e A& AN 21
A TN A B B TS B, RE A R PR — TR Y (i 225 35—, AR SCEE T FORP AN T 7 v
Fa A PR v T TR M 4 T A 2 B — s ) ke i P, R — /R A s T T2 3 ¥ ] 82
X FR T AT IEAN T, X A R A TN I FH 358 22 2 B v D Sl S DR 5 IR AT
RBCEfE, BIn]SKRAGHRS FE R 1 TR GG AN A TINME, AT SRASRS B 5 a5 I O 28L& TlME .
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