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relational analysis and neural networks
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Abstract: To accurately estimate the cost of a power line project,a method based on grey relational analysis
(GRA) and neural networks (NN) is presented and studied. Grey relational analysis technologies are used
to analyze the features of the transmission line project and ten main features which affect the project cost
most are selected. Then, the main features are used as input neural cell of neural networks, and a model of
GRA-ANN is built. To verify the method, the cost data of a 110 kV power construction project are used to
train and test the model. Results show the model’s maximum relative error of static investment is 3. 72%
and the minimum is 1. 85%, and its accuracy is high. The LM-BP algorithm and the traditional BP
algorithm are used respectively to train the GRA-ANN network, and results show the error declining rate
of LM-BP algorithm is faster and the overall error is lower.

Key words: grey relational analysis;artificial neural networks; LM-BP algorithm;cost estimate

LRGN R IR ER TRP RN — R R e 2 B BRI B =
ORSH 0 TR A RSB I R TR Y IR E AR A e B . H AT E A Y
PR EZTB., FEE. TRENZZMEER BT EA L TRES (R HrES Y

W is HEA:2013-06-15

EE€WHE:HEARBAEEEIHIH (50907075)

EH BN A7 B (19585, & R R B2 WA R0, E B 7 0] D AR AR 7R M I 5 3 he 5 B A0 3
(E-mail) yangyym(@cqu. edu. cn,



http://gks.cqu.edu.cn

16 TRk K% ¥R % 36 &
WIBCF D S Ly e AR T I st T AR A Gy — )
TR AR LR, AR £ LS
R K O A W R, % WM o M R i
2 6] izovla"'vn;k:0719""7)70 (2)
ﬂglﬁj o Y ), %)

3B E I R R

EFIERTE IR S NI TR CHE A
(grey relational analysis, GRA) 5 A T & W 2%
(artificial neural networks, ANN) #H 45 & 19 L 2 i
WAL T7 B (GRA-ANN ). GRA iz I3k #h T
& ge ANN 32 i 1 A hy e IR 28 0 28 4y A 1] k3
A1 22 AR R B A i 28 TR 2 B A T R ) 3 IBCHR fE
THeKYE . EF T GRA 306 Bk TR
Wi 10 A FEZRFAE 250 7 o #2890 46 Hg A 1)
R JHR 22 Ge vt i J7 v 30 B0 2 B 5 739 B LA A
4 GRA-ANN MM A SRR . LAKE 110 kV H1J)
2 B RO 1 AR M . 35 GRA-ANN [/ 25 il
TR A A P 11 0 0% Hi 1 (L5 S92 o L 22 i) 17 R X
DR 2% VPR I Al SRS B JE XS A3 A 1 LM-BP Bk
L ge BP kI GRA-ANN [ 45 151 7Y 1) 15 2 718
AL . 455 58 GRA-ANN 35t 2 i T2
T A P A SR T AR MR T RO L R R 3 A A R
J5 A X —Hr 2.

1 7FEER

1.1 REXBESH

PRAE SIS BT ¥ 0 — b 2 IR R Ge it 40 7 ik
B K0 DG I B AR A5 DR 3% ) 1 S IR R B L O DAtk
s ARy B TS B S S S
B AR B R E S TN ERRGE N
Mot HIEARSHIRARI T,

1) 2 XoF bU AR B

Xof JEbE R R AT 40 BT b PR TR AR R 8 IR E
NSHTFH X0 W AR &Y 51 E o T 81X

(i=0,1,,) s X n+1 NPT mX(n+1)
X HE AR
(X0 X X)) =
X XD X', (D)
X2 X X', (2)
. . ) . (D
X,(m) X'\ Gn) X ) | cininy

2) B H b fE AL b B

T RERT 22 4K [R) o A0 0 B AT LR A T
PRAIE 25 20 B B A S 00 A ) e i 75 ZE 0 2 (D) o
FIBCHE IR AT AR EAL AL B . 28 35 R W (EL 7L 7 0 Ab 2
J7 ik, = (2) R

KRR G BT WRIF A X' 525 % 751
XO7E K B 20 () 0GR B2 UM I 2 0<<&oo <<1 1Y
N /N W)

Soiwy = (m‘in mﬁin‘l‘om — T ‘ +
i k
o max mﬁax\xm) — Tip ‘ )/( ‘1’0(}0 — Tk ‘ +
i 3
p max max|xom — Tiw | ) (3)
i k

St o WABERLL o€ (0. 1) BT 0. 5.
/N2 77 R R 8 T R B 1 22 5
SR
PR T B T 3 6 44 16 v I BT
Bl BRI ()

7i m _
Toi = m ;&i(k)

i[&);(l) + &, (2) 4 - +Sm(m)]o )
m

SR SCIR B HEF .

KRS ro K, RN LR X5 S % 7 5
XA B A At T — B0 BE W X0 X 0 5% i A
FEAR B K S T H AR 2] R A R SE B, AT
VI E — N BE 7 2 r<<ro, B AR B AR ORI 2
r=>ro 0 AR S B A E A . 08 EO(E R AR 48 3 B
o W R/NER R E
1.2 BP MEKF*

BP 2% & —Fh 22 2 A ot AU 22 0 2%, LA B0k
(1) BRI I BE ) A B 3 N 2 ) BE D e N LA
2 e B I M IE S e 1 TR, BP
PIZEAT m Ao T AD w,, AR S m A
MEITEIREZH L AWM A TTE M AUE . w, FRRE
JEE L AT R 5 A Bl 4 T R) Y % AL
H. ., WHEMEREA,y H .

Bl 1 BPHMZMZKLEN



http://gks.cqu.edu.cn

% 11 4 AR A TFRABAZMBGE N TEENEL 17
VL AZ TR o M A BRRS E

2 IRXRBE-MEMgNHERE

DU T FRARAE 2 500 A, AR TR AR R
G L B ST BP 22 R 4% TORE S A A B AL, LA
R+ T S A M R I 4 G D 5 AL L ST R G T —
25 W2 BT L fe e 2 LM BRLTR I S A R
2.1 MBRINEHHTE
2,11 AT RAKFWANZ M %M NG5 03I

EEW LR ESBAE M A MW . L
FEARAE BB 16 06 PR B TR 45 5, ELAE S e T
TR AN R EEFE, Efﬂmﬁﬁjﬁﬂ%aﬁu_ﬁz
TR R R R %, HRZ R RR R S [A) o] I A i ok B
) R 2R g 2 S TR AVt o e e 1 D e

FE 43 AT L 7 2k 5 A0 AR s 1 R PR R Y SR
FLEHAREUT 15 RhOGHEM TRERRAE S 50, A K
SR HTE (A (D ~ W) E B S S REA
(B DG HEBE L 25 AN 3R 1 BT CORIR B 43 K 3] /NIt
FEHESD . #5 CIE B R T 100 B9 10 4> T AR IE S 5k
e Ay A 28 T F A T, B - R B R R [ B
S 1 o INITH 8L N 3 /N 1 2 N 3 A=A
YR B T 555 L 2 B b YR B, R R
A

F1 EIBRWHEGEEMNXEKE
&k L/ £
e & A LBk o T

ME KB B Ay

FBERE 820.2  810.3  286.1  276.1  247.3

s b O B BEE BRI
- M RM W TEREC MR

FECE 2404 226.4 218.1 200. 8 128.9

S U TIIPN

255

Bl
WK R

Ik 77.7 74.7 66.7 65.2 64. 2

Horpr, ] — b X — I8 R Fh R A5 X A % I
RGNS AR & A A5 M AN AR A Pl 28 0 2% 1) B
AT B 5 2R B2 o RS R s TR A
RN —3 57, OF HoE B 2o B T N M &5
M R K 5 23 5 M B ik 8 R e A AR R G 2 8 TR
T8 3 0% FHSAE Ry pf 2 I 24 B A o) it
2.1.2 #ZMLagimb 1B EHT

B e RS ORAE MMM S . 3t
TR T S AR I 2% g 5 S B 2 [ ) R R R 22

B )2 B 2 U e Ok E A BP W 4%
S SIGH BE . AR Kolmogorov i ™ e 3 5 )2
TR K 21 i K B GRA-ANN R 25 I 85 2 R
WA, EXMEON . EH G T AR RS R A
B XL GRA-ANN R 2% 19 F- 2 3R 22 E. 45 2R
W 2, H1% 2 AT, N4 IR SO SR U B 2
W EEE 7~10 Z (8], [N e 35 219 s B0k 8.

R2 AEIMBP NEFHREE
(1 4 7 10 13 16 19 22 25

E 0.33 0.21 0.11 0.06 0.15 0.23 0.28 0.32 0.29

2.2 LMEIHE

%% K levenberg-marquardt (LM) 1044
EINZE GRA-ANN W%, 3 d. g 2 /) 45 (9 46
A0 B A L AUE 1] i w KRR

w = [wllv"wlz a“‘e’wmza"‘v’wzz]a (5)
PR DL SCi58 22 46 A oR 2K
1 N 1 N
E(w) = ?Z(af, — vy (w))? = ?Zei(w)zo
i=1 i=1
(6)
E(u)ﬁ?wﬁf“ﬁ
d
VE(w) — Ee () 24— I w)eCw) (D)
A
rdece e doicw vee |
Wiy W12 W
Jertew Jua(w) Jer (e
J(w) = w1y Wr2 Wy , (8)
(’]w\"(uv) (’]e;‘\"(u') oo (’) eN (w)
L w1 Wi W,

J ﬁ?ﬁTtt%ﬁﬁ?,\m%‘??@ﬂfﬁmﬁﬁﬂﬁﬁlIﬂ{ﬁ

B— T8, HMNERIRZENE "= [ e1.es ooy
eN]’ﬂl‘Jﬁ
it
35
VE (w) =L —
dw
~rd ) 97 e
Yei(w) Yei(w) g Citw)
Z[ aw . aw +ei(u') (’]’LUZ }*
N az
J " (w) + Eem ae“;‘x (9
MR 22 45 b BR BB T B /D E AL K (9) R
Zew ﬁﬂ*%ﬁﬁd\ S 425 S R 55T Ly



http://gks.cqu.edu.cn

18 ¥ K K

F 5w

# 36 %

3 LM Bk
W =w, + Aw, =
w, — [JT (w)J(w,) +
pd T T (w)e(w,) (10)
A ew, e WEZIBAUE s T oy SRR . 7Rk A
P, AR YIRS U8/ e E 5 2RI 25 2R L 5t

T TR Sl A1 A8 7R ) g 5 8 7 Y i o R e e
10 ANET AR TE RIS 2. 1. 1 4 3 A 85008 g iy iy
JE Pk (e 4 B 15 ZR R A i ED

R3 BESRAIRESAVEGRERER %

. TR RS
SN e 4B pe 109 5O 30 oL FE AR P AR ACE 0 W) A6 tid (Fit +km™) (It - km ) =7
(B /N R B KR R B RE S B i 283k B R AIG IR . 50 53 5579 S 03
e o 90. T .
ZEAR IR BB E ) I H o 2 66. 71 65. 26 2.17
3 ST 3 68. 56 69. 83 1.85
N 4 21. 80 22,57 3.53
ST U8 MR AR AR ) nT EE M R T ORS L e BT 5 25.18 24. 50 2.70
E s 9 100 45 110 kV [ L 7 28 % R 3 A A7 6 59. 40 60. 59 2.00
SHT . B 90 SRR BEAE M2 I REAS L 4 10 S5 7 68. 20 66. 35 2.70
2 1 g 190 2% 10 0 B R A L R AT BB R 4. B H R 8 2424 23.33 3.7z
. . e e e 9 55. 45 56. 54 1.96
Fi LM B3 25 GRA-ANN 6 45 % il 30 BE A% 5 47 . . 1? ;O . s
AHF 5 22 Ak B8, Al SR 25 WL 354 4 JE L R Rk : : :
T4 BOALKBRYEIRENMEN BHEMR
e B/ EE 2K/ EE/ OBSA BENE Bl R S8Ren/  BEMER/ BER%/
5 . i i . . . B
mm® km % &/ OEZL/R WL/ /) rot et (ot et (HJG e km )
1 300 1 5.50 100 4 7 27 21 0.170 0.071 88.79
2 185 1 4.20 100 1 2 4 3 0.160 0.070 65. 26
3 300 1 6.00 100 11 6 74 35 0.160 0.070 69. 83
4 18 0 7.70 60 4 0 0 4 0.170 0.073 22.57
5 240 0 12.58 100 13 5 48 13 0.170 0.072 24. 50
6 240 1 12.22 8 10 7 33 31 0.170 0.070 60. 59
7185 1 2409 52 15 24 92 0 0.155 0. 690 66. 35
8§ 185 0 13.80 90 7 11 32 0 0.158 0.068 33.33
9 300 0 4.00 100 4 2 0 1 0.182 0.070 56. 54
10 240 0 25.00 25 5 30 30 30 0.158 0.066 20. 83
11 300 1 2.40 100 1 3 0 4 0.165 0.072 229. 48
12 240 1 9.60 100 2 10 12 0 0.158 0.068 47.03
13 300 0 13.46 90 7 11 32 0 0.158 0.068 23.74
14 300 0 4.50 100 2 7 5 0 0.158 0. 068 29. 21
15 240 0 1.76 100 0 7 14 0 0.170 0.072 44,92
R 5% 25 1 2 I 7 25 1 £ 0 ‘ fi th (. — 92 b
2 IR X 58 2 T 03 5 AT A i 2 B0 W8 O Al R iR 22 g — | MR — SBRE |00

TOAXMRE .

PR E
# 3R LM 53k it GRA-ANN [ 2% (1Y



http://gks.cqu.edu.cn

% 11

10 25 354 A 1) 552 s i 0 390 {0 9 A R0 5% 22 il
& 3L i YNGR 5 9 ORI 22 I 45 08 TR )
2 ol TR A AR BB A R O R I B X A
JE . Horb i A B BT I 4 (LS 92 B R 22 1) A A
MR ZE IR KA 3. 7200 die/ MUK 1,856 . K th 4
LI D SR T 22 I 288 A SRS 2 17 » 32 ] GRA-ANN
TR TR ) 2 B P R S A0 DR B ROR
RS

TREF I 45 25 4 A A8 R AL G2 19 BP 303k X
GRA-ANN BEA7 I 25 5 R 9 LM-BP 53 3k #E 17
FOAE B A% 9 28 1) R 22 8 Al it 2 ] 2 fos (B rp X
RIITiR%E N R NGRRED . LM-BP 5148
BP LM 2% PERES B 5. 3% 5 w1, LM-
BP 035 1) 190 265 1 RE S 4+ WAC S0 B2 S PR L 3l T RE )
B

—— LM-BPH LR %
fEGEBPR L IR %

5 10 15 20 25 30

B2 RETHHE

&5 BP 5 LM-BP W& ERELLE

Mg SR/ SRRl s IR 22
BP 213 10.503 0.000 96
LM-BP 8 2.126 0.000 09

K2 BIIGREARZ T 90 4 q . BiREMN T
Femize. I 2 sal RLA R AT LM-BP [ 2% 1%
26T W T PR B IR 22 LU AL ST BP W) 45 A5 A Y
RARR2E AR, R LM-BP 53591 2% GRA-
ANN P2 ROR LA

R T T DAL 2 ) 2R g TR S Al A
WA R LT IE R LR N AR S
I B AU I R B R TE 2 R B AR
1 Bl dhs T A S AG R

MK EF R TRAB-AZERNEG S H TRENEL 19
4 & iF

1) 2R FH I ST 73 B k0 2% TR 4 iR 2 Bt A7 K
SRIR B VT 555 HE PP 00 2 0 28 19 2% 1 A A [ o o A 2
GRA-ANN & Ml A A . 25 3 7R i A5 450 58 1 Al
XRZE RN 3. 7200 de/N o 18506, B 10 AT
FERFAE 2 B0 30 JURT D) A 4 3 SR AE T2 36, B AR
AR . LR UEW], GRA-ANN X)) 48 #%
ST TR T A A TR R A R ME R Y A RO

2) % LM-BP &%) GRA-ANN W 4% g 173
g5, 450K W] LM-BP 533k 1% 22 8 B U 814 5 BP
S e, T HLRE AR 22 AR
B2k
[ 1] ZBAPE Bt 4 75 4 Jo 400 3 A 48 BL7E D ) DR 3 M 4

e g TS LT DL AR AU ) R A R A B R

2008,25(1) . 7-11.

LI Hongze, LANG Bin. The application of the whole

life cycle engineering cost management on the electricity

engineering field [ J]. Journal of North China Electric

Power University: Social Sciences, 2008, 25 (1):7-11.
[ 2] ANGELIS L,STAMELOS I, MORISIO M. Building a

software cost estimation model based on categorical

data[ C] // Proceedings of 2001 the 7th International

Software Metrics Symposium, April, 04-06, 2001,

London, UK. Piscataway : IEEE Press,2001:4-15.

3] mibyl A, TR R Uk AR U8 2 W 45 1
LRI P A B (T ], &R GE 0 H 2 4R 2008, 20 (5)
1151-1154.

SU Shasha, WANG Feixing, WANG Caifeng. Fuzzy

neural network based on improved standard model and

its application in calculating project’s cost quickly[ J].

Journal of System Simulation, 2008, 20 (5):

1151-1154.

[ 4] ASHWORTH A. Accuracy in estimating [ J ].
Chartered Quantity Surveyor, 1982(4):191-194.

(5] A5k, m b, i JUAR A5, - bi 4 0 i A 1) 8 31 I
TEPR R R Be 22 48 B 386 AR 4 i [T ). AL AR AL 3R 2%
#,2011,32(5):1021-1025.

NIU Peifeng, GAO Long, MENG Fandong, et al.

Adaptive fuzzy control based on neural network
fluidized bed  boiler

combustion system [ J]. Chinese Journal of Scientific

Instrument, 2011,32(5):1021-1025.

L6]F R 3T Mg R LR R0
LT L8 TR BB A B 4. A AR B4 R, 2008,
23(4) .44-47.

decoupling for circulating



http://gks.cqu.edu.cn

20 TARKXFFHR

# 36 %

XIN Limin, YANG Yun. Approach of constructional
engineering bidding forecasting based on neural networks
[J1. Journal of Anhui University of Technology and
Science: Natural Science, 2008, 23(4) :44-47.

[7]JLINY H, LEE P C, CHANG T P. Practical expert
diagnosis model based on the grey relational analysis
technique [ J]. Expert Systems with Applications,
2009, 36( 2) :1523-1528.

[8]LINY H, LEE P C, CHANG T P, et al. Practical
expert diagnosis model based on the grey relational
analysis technique [ J ]. Expert Systems with
Applications, 2011, 36(6):7302-7306.

LoJ ¥k, B, LB, 5% ARECHE AL E R

MOA FELR Wil 1) 52 ma [T ] w5 B R4 R 2010, 36 (6)
1468-1474.
HUANG Xinbo, LUO Bing, WANG Yong, et al.
Influence of climatic factors on on-line monitoring of
MOA using grey relational analysis [J]. High Voltage
Engineering, 2010, 36(6):1468- 1474.

L1070 BEHRZR B3, Bl A . 55 2 JR OG0 3ok 1% 557 14 ot

e IE A AL Iy B [T, A3 i st 3R 4 BRI 4R . 2010, 45(3)
381-383.
HUANG Handong, ZHAO Di, ZHANG Ruwei, et al.
Seismic attribute optimization method based on grey
relational analysis and genetic algorithm [ J]. Oil
Geophysical Prospecting, 2010, 45 (3) :381-383.

[11] DING S F, XU L, SU C Y.,et al. An optimizing
method of RBF neural network based on genetic
algorithm [J]. Neural Computing and Applications,
2012,21(2) :333-336.

[12] MANIK P D, VIVEK S S. Predicting effective
viscosity of magnetite ore slurries by using artificial
neural network [J]. Powder Technology, 2012, 219.
264-270.

(137 Jlgdtde  SARR. B A TRt 25 I 4% 16 28 FR 4% B 02 I v

9 LT M TR 41, 2004,19(9) : 77-81.
ZHOU Jianhua, HU Minqgiang. Application of auto-
structural neural network in diagnosing transformer
faults [ J]. Transactions of China Electrotechnical
Society, 2004, 19(9) .77-81.

[14] PENG Y, ZHOU H C. Fuzzy optimization neural
network model based on LM algorithm [ J]. Journal of
Harbin Institute of Technology, 2010, 17(3) :431-436.

[15] EaMfy, HC . BT L-M Bk i BP #i 4 M 4% 4 25
FOI] BRBOKFE 2. 2005,30(10) £ 237-240.

WANG Jianmei, QIN Wenzhong. BP neural network
classifier based on Levenberg-Marquardt algorithm [ J].
Journal of Wuhan University, 2005,30(10) :237-240.

[16] 2=k B, T Xk, E. 55, KOs 2 98 Al 28 1 2 5 R

Mo TR E M N L)) B R 22 2 2 4l B AR FL 2
X »2008,31(6) :663-666.
LI Yongming, WANG Yubin, WANG Ying, et al.
Application of project cost forecasting with data mining
and neural network technologies for power
engineering [ J]. Journal of Chongqing University:
Natural Science Edition, 2008, 31(6) :663-666.

C17] w4 BHITEE 2 5. #i i1 3 JRE MO. it RS
P AL I HUBE Tl 3 iR 4, 2007,

(% K F)

(8% 147D

[ 8 ] LECHLEITER A, RIEDER A. Newton regularizations
for impedance tomography: a numerical study [ J].
Inverse Problems,2006,22(6):1967-1987.

[ 9] GORODNITSKY I F, RAO B D. Sparse signal
reconstruction from limited data using FOCUSS: A re-
weighted minimum norm algorithm [ J ]. IEEE
Transactions on Signal Processing, 1997, 45 (3).
600-616.

[10] CLAY M T,FERREE T C. Weighted regularization in
electrical impedance tomography with applications to
acute cerebral stroke[ J |. IEEE Transactions on Medical
Imaging,2002, 21(6) :629-637.

[11] HANSEN P C, OLEARY D P. The use of the l-curve
in the regularization of discrete III-posed problems[ J].

SIAM Journal on Scientific Computing, 1993, 14(6):

1487-1503.

[12] BRBRAS. s o AN 35 ) A 1) 1F U0 A s [ ML) b o
Bl A, 2006.

[13] GRIEVE B D, MURPHY S, THOMPSON A B, et al.
An accessible electrical impedance tomograph for 3D
imaging [ J ]. Transactions of the Institute of
Measurement and Control,2010,32(1):31-50.

[14] NAHVI M, HOYLE B S. Wideband electrical
impedance tomography [ J]. Measurement Science and
Technology,2008,19(9) ;11-40.

[15] GRAHAM B M, ADLER A. Electrode placement con?
gurations for 3D EIT[J]. Physiological Measurement,
2007,28(7) :29.

(¥ kK F)



