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Clustering analysis of daily load curves based on GWO algorithm
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Abstract: Fuzzy C-Means (FCM) is susceptible to the influence of initial clustering centers, easy to converge to local
optimum values and the inherent characteristics of daily load curve can not be fully reflected through distance when
applied to clustering analysis of daily load curve. In order to solve the above problems, the dimensionality of daily load
curve is reduced by using the characteristic value index of daily load. A fuzzy C-means clustering algorithm based on
Grey Wolf Optimizer (GWO) optimization is proposed. The algorithm uses GWO to optimize the initial clustering center
for FCM, and combines the global search ability of GWO and the local search ability of FCM. The results show that the
proposed method can effectively improve the clustering effect of daily load curve and has good robustness.
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Table 1 Daily load characteristic index
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Table 2 Calculation results of clustering effectiveness index
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Fig. 4 Variation trend of clustering effectiveness index

HAN ) A2

"

fi i it /pau
i 77 it /pu
1
[

[

|

]

il

| | =
%900 6:00 12:0018:00 24:00 =
% i %1
K3 Ftl4
1.0 ok :

{].5|Um\v| Eg G_Sr_ﬁf\‘\]

%:i](} 6:00 12:00 18:00 24:00 nU:U*U 6:00 12:00 18:00 24.00

G g 5 pou,

i % 21

. Fils it
3 1.0- ""J_ 10— REER = s
& = |
1 {LSM o n,s%
E 0 = o -

0:00 6:00 12:0018:0024:00 = %00 6:00 12:00 18:00 24:00
1) 21 1+ %1

B 5 EF GWO-FCM Hfafrih&kRELR
Fig. 5 Daily load curve clustering result based on
the GWO-FCM algorithm

i) ; 72

R VL T
E!,S\Jﬁ/-\’/‘\ i M'_,/\/v\/d
| &

0| w= ()
0:00 6:00 12:00 18:00 24:00

it fef i /pou,

(=00 6:00 12:00 18:00 24:00
i %) Itk 1]
G Bitk) ) HAlg

1.0 o

| Lo =
ﬂ-Sﬂ_}\fN\,l o W|

|
”0:00 6:00 12:00 18:00 24:00

i1 i i .
it faf i/pu

|
UU:i}O 6:00 12:0018:00 24:00
it %) I 21
KNS 40 23

.':;-, U.SJW\'

000 6:00 120018002800 & %

Ay

{71 fa 1 p.u
>
71 fuf 1t p.u

0:00 6:00 12:00 18:00 24:hﬂ
1 71 HE)

B 6 £F GSO-FCM Hhfthtk RELER
Fig. 6 Daily load curve clustering result based on the
GSO-FCM algorithm



_74 - SRR T
4 1.0 FAN o 210 K2 R 3 ARIEEBLMELEBB Lt
£ & . .
_;_“: 0.5 U/\j\ i n.im Table 3 Comparing the number of clustering
= %506:00 12:0018:002400 = %0:00 6:00 12:00 18:00 24:00 curves of different algorithms
_— _— BURAER JOM1 M2 M3 R4 RS KMo
. Ay . =]
R = ] & T L GWO-FCM 177 99 148 179 171 177
e "‘T\ﬁ p “-5_\/"_’\’/\“' GSO-FCM 176 100 148 181 172 174
* 2ol J
= %50 600 ZooTso02a00 = 00 6:00 12:0018:0034:00 ACO-FCM 174 99 149 180 171 178
el %
i ko PSO-FCM 179 99 148 177 173 175

]UT_.____ ﬁ,____...._‘..l

{ 0.5 M
0 |

UI i
0:00 6:00 12:00 18:00 24:00 0:00 6:00 12:00 18:00 24:00
i % i %]

7 &F ACO-FCM HAfafi L RELER
Fig. 7 Daily load curve clustering result based on the
ACO-FCM algorithm

fitfo it /p.u
> &

G it/p.u.

. | ; 2572
10— s -
& &
& ol | & ol '
0:00 6:00 12:00 18:00 24:00 0:00 6:00 12:00 18:00 24:00
%) i 4
. 573 : P
Z I.{ll - 1 Z 10————== i
z MW s e
% - J
0:00 6:00 12:00 18:00 24:00 0:00 6:00 12:00 18:00 24:00
g It %)
4 HRI5 5 el
El - . SO = .- .
f? 1.0 2 I.I)Ir— i
o U-—‘M = o5 WA
= ol | = ol .
' 0:00 6:00 12:00 18:00 24:00

nu:ou 6:00 12:00 18:00 24:00
I 21 i} 221

Bl 8 #F PSO-FCM B kARt BELER
Fig. 8 Daily load curve clustering result based on
the PSO-FCM algorithm

. E=tic)| ) H2

=] - = —
O e & |
ji U'SU/\’f\ :‘;: Osm
= ol | & o ]

0:00 6:00 12:00 18:00 24:00 00 6:000 12:00 18:00 24:00
i) 1] %1

; FER13 : FaTyg

ERY T R v
l“:" 0.5 = 0_5\*/‘_/\,#'\
£ | | & | |
=0 | =0

0:00 6:00 12:00118:00 24:00 0:00 6:00 12:00 18:00 24:00
ihE) e %1

; i . il

2 1.0 gugm— 310 )
= & |
= ::.5|—’u b 0_5%
E {]I JI ::E_:
= 0:00 6:00 12:00 18:00 24:00

0{]:00 6:00 12:00 18:00 24:60
I 2] i} %)

9 ETE% FCM BiA B it th WL LER
Fig. 9 Daily load curve clustering result based
on the FCM algorithm

1545 FCM 182 102 145 174 169 179

K10 A TR AT S B 20 1 H Ay
HEMZexttl, R ZERIA K HERSTA 2 1)
H iy i 2 () o vk 2= 5 W i, T R
T, HEEAE 5—E 9 LRk E, X T4
2R 10925, GWO-FCM Sk 2845 5rh, 14
b il R AR B2 Pl T E 5 - B (1 B (LR P
VRIIATAE /D A7 g i 2 O 25 2R 2 o (R L 7Y
By 2B (s Bk Az IR, GWO-FCM $532:

. \
RRMR LA
; agivh| 3 HHi2
3 1.0 g3
£ 2
e U'Sur\,j»\ 0. __/Nl\/\
& 0 = 0
0:00 6:00 12:0018:00 24:00°  "0:00 6:00 12:00 18:00 24:00
i) 2] %
o3 Foitlg
1.0 = 1.0

Al TP

n

i it

0
0(}:00 6:00 12:00 18:00 24.00 0:00 6:00 12:00 18:00 24:00

L

i
i

i %1 i %1
3 FeRis . L

5 1.0 FHd s 1.0 HHie

=3 £5

e 0 L‘E 1]

¥ 0:00 6:00 12:0018:00 24:00 0:00 6:00 12:00 18:00 24:00
1 %) mf %)

— = —GSO-FOM = = = - ACO-FCM PSO-FCM — — — -FCM GWO-FOM

10 FREIEERENAT LAY B fafar ph 2k LLAR
Fig. 10 Comparison of typical daily load curves
extracted by different algorithms

4.2 BAEHMHEL

TR SCER[22]H T 8 JEH Mg sk, £
FIIERERISEE IRt L, BBl # B,
FE 53 S I B 28 R il £ i RN B A b,
RIFH2y )8 8 25, BE25 200 £ M3t 1600 4519 H 41
fur FHZRAE 2y TR EAS, SOAIE T P SR RS a1

FIHBAE R R NSRRI =
bR FE G R RAT 8T . B B 2RI
fur 1t & 2 S B A S A th 280 B 1 ERABLA R S
M. SRR S R L 45 Sk 4 FioR.

MW 4 FTLUE Y, Mg AL - i, PR



RVME, 5

HeT BRI TR H Gdiy i 2R 20

- 75 -

KRR R RO R AR, B E R
DL M HERR AT BT R B . GWO-FCM Sy F e 75 L
r/NT 25%I, AR R 8, i EIL
100%. 1%} T HAB LA AL FCM 595 A% 48 FCM 5.
5, HMEFE L - A BIEE IR 20%A01 10%8), AR

REOR MR, MR TR, B E.
MR L KT 25%0, TR B SR SR
A& 8, {H GWO-FCM {324 RMEFR bR FIUMERf R
By FHARUR RIS L. L, Frdd s ik Sk
PEAR T AR AL FCM B AME S FCM 502,

R4 BIEREHBMELR

Table 4 Comparison of algorithm robustness

. GWO-FCM GSO-FCM ACO-FCM PSO-FCM 148 FCM
R
bpop SHER WISTHC VMG SHER RS RN REER RSRC MR WHR RJSITHC OMER WHR RISTRC MR
FH MR S BB MHER % R TR R% R YRR R B MR R%
5 8 0.843 2 100 8 0.8432 100 8 0.8432 100 8 0.8432 100 8 0.843 2 100
10 8 0.723 2 100 8 0.714 6 99.9 8 0.7137 99.8 8 0.710 1 99.8 7 0.692 7 87.5
15 8 0.634 1 100 8 0.620 3 994 8 0.6187 99.3 8 0.6142 99.2 7 0427 4 87.5
20 8 0.548 4 99.9 7 04328 87.5 7 0429 6 87.5 7 04106 87.4 7 0.368 8 87.3
25 8 0.456 9 99.8 7 0.3812 87.4 7 0.378 9 87.3 7 0.3719 87.2 7 0.3649 87
30 7 0.386 4 87.1 6 0.363 5 74.5 5 0.358 6 62.4 5 0.3516 62.3 3 0.307 8 37.5
35 3 0.2729 37.5 3 0.268 3 37.5 3 0.264 3 37.5 3 0.261 4 37.5 3 0.246 4 37.5
40 3 0.229 5 37.5 3 0.223 4 373 3 0.2198 37.2 3 02184 373 3 02131 372
5 251t BRI BRI R T USR], B RS

ASCHR T R T AORAAL B EI (T2
SR H gy i PR YRR 2R Tk . 1 Se e T gar ks
PEFEbI J5Uh A7 ih Ze s EAT Bdla PR 4, JFR
Ml GWO-FCM S35 47 H Sy 2k B 420
HOIRY], 20Tk S FCM SRIENL I 4
JRE ST, PR R 4 B N R il B DL A AT ek
HICREBAB I AR FCM Sk 5 BALF
HAATREAATHE, REEHIEL

Bt RE PR I AN IR R, RS 8 A R R R AT
LIS A T4 BRI i, iy &5 2 U8
B AT ISR YR R AR R AL EL, LS
Fa A IR IT 124 Ja 9T ) o
SE 3k
(1] JUsAer, £, SR, BeiE B0 MR RIATT 5T 2k K e

()] P EEYLCRESR, 2017, 37(22): 4-21, 316.

BIE Zhaohong, WANG Xu, HU Yuan. Review and

prospect of planning of energy internet[J]. Proceedings of

the CSEE, 2017, 37(22): 4-21, 316.

(2] JHZE15, BRW T3, &0, 45, AU 2 rh R IEE 4K
ML) RGEHARRFAE[T]. o E R HL LR A4, 2018,
38(7): 1893-1904.

ZHOU Xiaoxin, CHEN Shuyong, LU Zongxiang, et al.

Technology features of the new generation power system

in china[J]. Proceedings of the CSEE, 2018, 38(7):

1893-1904.

(3] ZlE, FEAT, Xmte, & & tedln] AR AL

ik, 2019, 47(12): 177-187

LI Ting, XU Weiting, LIU Xianglong, et al. Review on
planning technology of AC/DC hybrid system with high
proportion of renewable energy[J]. Power System Protection
and Control, 2019, 47(12): 177-187.

(4] B{¥07, HRZ, B T2 B0 T3 Hen

P 3= dgr H L BEAL AR (). AR BR, 2018, 42(5):
1549-1555.
JIA Yanfang, YT Lingzhi, LI Shengbing. Optimal scheduling
of building load electricity consumption based on
multi-objective molecular motion theory[J]. Power System
Technology, 2018, 42(5): 1549-1555.

[5] WANG lJianxiao, ZHONG Haiwang, MA Ziming, et al.
Review and prospect of integrated demand response in
the multi-energy system[J]. Applied Energy, 2017, 202:
772-782.

(6] BgkIEE, B K, VURA, & T ARIE R o H]

FUBERAE NP JTAT]. I RS A 31k, 2018, 42(6):
66-72.
LUO Bofeng, MU Yunfei, JIA Hongjie, et al. Decision
method of power supply access for large consumers
based on load feature library[J]. Automation of Electric
Power Systems, 2018, 42(6): 66-72.

(7] BUHEAYE, sRJE, I, S5 ST SRBIERBEN 7 61
far 6 A0 41 A B R (3] W B R, 2016, 40(8):
2437-2443.

ZHU Jinzhou, ZHANG Yan, HUA Yueshen, et al. Power

loads optimal combination based on Markov chain and its



-76 -

@A &R B R

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

application[J]. Power System Technology, 2016, 40(8):
2437-2443.

AREFI A, ABEYGUNAWARDANA A, LEDWICH G. A
new risk-managed planning of electric distribution network
incorporating customer engagement and temporary
solutions[J]. IEEE Transactions on Sustainable Energy,
2017, 7(4): 1646-1661.

AL-OTAIBI R, JIN N, WILCOX T, et al. Feature
construction and calibration for clustering daily load curves
from smart-meter data[J]. IEEE Transactions on Industrial
Informatics, 2017, 12(2): 645-654.

RHODES J D, COLE W J, UPSHAW C R, et al.
Clustering analysis of residential electricity demand
profiles[J]. Applied Energy, 2014, 135: 461-471.

JIANG Zigui, LIN Rongheng, YANG Fangchun, et al. A
fused load curve clustering algorithm based on wavelet
transform[J]. IEEE Transactions on Industrial Informatics,
2018, 14(5): 1856-1865.

7KL, P, AR uTut, A RO C BIEERE
S L B R R 2 SR BRI ST []. Al S5 AR,
2014, 51(18): 5-9.

LIU Yongguang, SUN Chaoliang, NIU Zhenzhen, et al.
Research on the improved fuzzy c-means clustering
algorithm based power load characteristic classification
technology[J]. Electrical Measurement & Instrumentation,
2014, 51(18): 5-9.

M, F2Wam. LT Kernel K-means (141 fa7 f£& 28
K], WS B, 2016, 36(6): 203-207.

ZHAO Wengqing, GONG Yaqiang. Load curve clustering
based on Kernel K-means[J]. Electric Power Automation
Equipment, 2016, 36(6): 203-207.

AR, RS, BRI, S U] H R A
TR 3 H AW AT B RE A3k, 2016,
40(24): 27-33.

WANG Guilan, ZHOU Guoliang, ZHAO Hongshan, et al.
Fast clustering and anomaly detection technique for
large-scale power data stream[J]. Automation of Electric
Power Systems, 2016, 40(24): 27-33.

Tk, THE, EREC SOM M ME R C-IfEALE
B 23 b N ). W0 R g8 L B Bl i E R,
2011, 23(4): 36-39.

WANG Wensheng, WANG Jin, WANG Kewen. Application
of SOM neural network and C-means method in load
classification[J]. Proceedings of the CSU-EPSA, 2011,
23(4): 36-39.

M, BRZ, R, S5 TR AR LR H S
LRI, HIMEAR, 2016, 40(3): 797-803.

[17]

(18]

[19]

[20]

[21]

[22]

LIU Si, LI Linzhi, WU Hao, et al. Cluster analysis of
daily load curves using load pattern indexes to reduce
dimensions[J]. Power System Technology, 2016, 40(3):
797-803.

MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf
optimizer[J]. Advances in Engineering Software, 2014,
69(3): 46-61.

ka2, BTG, RS, PrRom] A LR AR ).
VHEHLN FIETT, 2019, 36(4): 1001-1005.

GENG lJiayi, QIAN Xuezhong, ZHOU Shibing. New
fuzzy clustering validity index[J]. Application Research
of Computers, 2019, 36(4): 1001-1005.

WU Ziheng, WU Zhongcheng, ZHANG Jun. An improved
FCM algorithm with adaptive weights based on SA-PSO[J].
Neural Computing and Applications, 2017, 28: 3113-3118.
W, BT, KRR, A AR TR R EE R S A
S IR 2 A 70 IIC 2 HE P I B ) 23 [0 WD R e
Pre 5], 2018, 46(13): 21-26.

HU Bo, WANG Xin, ZHENG Yihui, et al. Calculation of
isolated island partition and distributed generator
capacity based on firefly algorithm[J]. Power System
Protection and Control, 2018, 46(13): 21-26.

UL, FBRR, EE. FET B SO U R R A M
W& P E VR (0], R R, 2012, 36(12):
256-261.

LI Hongze, GUO Sen, WANG Bao. Evaluation on power
customer value based on ants colony clustering algorithm
optimized by genetic algorithm[J].
Technology, 2012, 36(12): 256-261.
TP, D7, JEE, A Rl e A R0 L
S S H G-Ik o RG R 5 R,
2013, 41(13): 20-25.

HUANG Yuteng, HOU Fang, ZHOU Qin, et al. A new

combinational electrical load analysis method for demand

Power System

side management[J].
Control, 2013, 41(13): 20-25.

Power System Protection and

#s HHEA: 2019-08-11;

i&[E B EA: 2019-09-30

EEEN:

SHA

A LA (1990—-), F, TFME, TEF, AFLHZ
X 5EATAFR; B-mail: jxpxlxwyx@163.com
5 £01983—), B, LFHE, SARIAEN, NEg

7 ZGAXN5EATHR; B-mail: 25903257@qq.com

1 &

FA45(1974—), K, TFHE, FHRILIF, KEL
SR 5EATAFR . E-mail729875469@qq.com
(%% £F1m)



	DOI: 10.19783/j.cnki.pspc.190486 
	基于灰狼优化聚类算法的日负荷曲线聚类分析 
	Clustering analysis of daily load curves based on GWO algorithm 
	1   日负荷曲线数据降维 
	2   基于GWO的模糊均值聚类算法 
	3   基于GWO-FCM算法的日负荷曲线聚类分析 
	4   实验结果与分析 
	5   结论 
	[1] 别朝红, 王旭, 胡源. 能源互联网规划研究综述及展望[J]. 中国电机工程学报, 2017, 37(22): 4-21, 316. 
	BIE Zhaohong, WANG Xu, HU Yuan. Review and prospect of planning of energy internet[J]. Proceedings of the CSEE, 2017, 37(22): 4-21, 316.  
	[2] 周孝信, 陈树勇, 鲁宗相, 等. 能源转型中我国新一代电力系统的技术特征[J]. 中国电机工程学报, 2018, 38(7): 1893-1904. 
	ZHOU Xiaoxin, CHEN Shuyong, LU Zongxiang, et al. Technology features of the new generation power system in china[J]. Proceedings of the CSEE, 2018, 38(7): 1893-1904. 
	[3] 李婷, 胥威汀, 刘向龙, 等. 含高比例可再生能源的交 
	直流混联电网规划技术研究综述[J]. 电力系统保护与控制, 2019, 47(12): 177-187. 
	LI Ting, XU Weiting, LIU Xianglong, et al. Review on planning technology of AC/DC hybrid system with high proportion of renewable energy[J]. Power System Protection and Control, 2019, 47(12): 177-187. 
	[4] 贾艳芳, 易灵芝, 李胜兵. 基于多目标分子动理论的楼宇负荷用电调度优化[J]. 电网技术, 2018, 42(5): 1549-1555. 
	JIA Yanfang, YI Lingzhi, LI Shengbing. Optimal scheduling of building load electricity consumption based on multi-objective molecular motion theory[J]. Power System Technology, 2018, 42(5): 1549-1555. 
	[5] WANG Jianxiao, ZHONG Haiwang, MA Ziming, et al. Review and prospect of integrated demand response in the multi-energy system[J]. Applied Energy, 2017, 202: 772-782. 
	[6] 骆柏锋, 穆云飞, 贾宏杰, 等. 基于负荷特征库的大用户供电接入决策方法[J]. 电力系统自动化, 2018, 42(6): 66-72. 
	LUO Bofeng, MU Yunfei, JIA Hongjie, et al. Decision method of power supply access for large consumers based on load feature library[J]. Automation of Electric Power Systems, 2018, 42(6): 66-72. 
	[7] 祝锦舟, 张焰, 华月申, 等. 基于马尔科夫链的电力负荷优化组合及应用[J]. 电网技术, 2016, 40(8): 2437-2443. 
	ZHU Jinzhou, ZHANG Yan, HUA Yueshen, et al. Power loads optimal combination based on Markov chain and its application[J]. Power System Technology, 2016, 40(8): 2437-2443. 
	[8] AREFI A, ABEYGUNAWARDANA A, LEDWICH G. A new risk-managed planning of electric distribution network incorporating customer engagement and temporary solutions[J]. IEEE Transactions on Sustainable Energy, 2017, 7(4): 1646-1661. 
	[9] AL-OTAIBI R, JIN N, WILCOX T, et al. Feature construction and calibration for clustering daily load curves from smart-meter data[J]. IEEE Transactions on Industrial Informatics, 2017, 12(2): 645-654. 
	[10] RHODES J D, COLE W J, UPSHAW C R, et al. Clustering analysis of residential electricity demand profiles[J]. Applied Energy, 2014, 135: 461-471. 
	[11] JIANG Zigui, LIN Rongheng, YANG Fangchun, et al. A fused load curve clustering algorithm based on wavelet transform[J]. IEEE Transactions on Industrial Informatics, 2018, 14(5): 1856-1865. 
	[12] 刘永光, 孙超亮, 牛贞贞, 等. 改进型模糊C均值聚类算法的电力负荷特性分类技术研究[J]. 电测与仪表, 2014, 51(18): 5-9. 
	LIU Yongguang, SUN Chaoliang, NIU Zhenzhen, et al. Research on the improved fuzzy c-means clustering algorithm based power load characteristic classification technology[J]. Electrical Measurement & Instrumentation, 2014, 51(18): 5-9. 
	[13] 赵文清, 龚亚强. 基于Kernel K-means的负荷曲线聚类[J]. 电力自动化设备, 2016, 36(6): 203-207. 
	ZHAO Wenqing, GONG Yaqiang. Load curve clustering based on Kernel K-means[J]. Electric Power Automation Equipment, 2016, 36(6): 203-207. 
	[14] 王桂兰, 周国亮, 赵洪山, 等. 大规模用电数据流的快速聚类和异常检测技术[J]. 电力系统自动化, 2016, 40(24): 27-33. 
	WANG Guilan, ZHOU Guoliang, ZHAO Hongshan, et al. Fast clustering and anomaly detection technique for large-scale power data stream[J]. Automation of Electric Power Systems, 2016, 40(24): 27-33. 
	[15] 王文生, 王进, 王科文. SOM神经网络和C-均值法在负荷分类中的应用[J]. 电力系统及其自动化学报, 2011, 23(4): 36-39. 
	WANG Wensheng, WANG Jin, WANG Kewen. Application of SOM neural network and C-means method in load classification[J]. Proceedings of the CSU-EPSA, 2011, 23(4): 36-39. 
	[16] 刘思, 李林芝, 吴浩, 等. 基于特性指标降维的日负荷曲线聚类分析[J]. 电网技术, 2016, 40(3): 797-803. 
	 LIU Si, LI Linzhi, WU Hao, et al. Cluster analysis of daily load curves using load pattern indexes to reduce dimensions[J]. Power System Technology, 2016, 40(3): 797-803. 
	[17] MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf optimizer[J]. Advances in Engineering Software, 2014, 69(3): 46-61. 
	[18] 耿嘉艺, 钱雪忠, 周世兵. 新模糊聚类有效性指标[J]. 计算机应用研究, 2019, 36(4): 1001-1005. 
	GENG Jiayi, QIAN Xuezhong, ZHOU Shibing. New fuzzy clustering validity index[J]. Application Research of Computers, 2019, 36(4): 1001-1005. 
	[19] WU Ziheng, WU Zhongcheng, ZHANG Jun. An improved FCM algorithm with adaptive weights based on SA-PSO[J]. Neural Computing and Applications, 2017, 28: 3113-3118. 
	[20] 胡博, 王昕, 郑益慧, 等. 基于萤火虫优化算法的分布式发电设备容量分配及配电网孤岛划分[J]. 电力系统保护与控制, 2018, 46(13): 21-26. 
	HU Bo, WANG Xin, ZHENG Yihui, et al. Calculation of isolated island partition and distributed generator capacity based on firefly algorithm[J]. Power System Protection and Control, 2018, 46(13): 21-26. 
	[21] 李泓泽, 郭森, 王宝. 基于遗传改进蚁群聚类算法的电力客户价值评价[J]. 电网技术, 2012, 36(12): 256-261. 
	LI Hongze, GUO Sen, WANG Bao. Evaluation on power customer value based on ants colony clustering algorithm optimized by genetic algorithm[J]. Power System Technology, 2012, 36(12): 256-261. 
	[22] 黄宇腾, 侯芳, 周勤, 等. 一种面向需求侧管理的用户负荷形态组合分析方法[J]. 电力系统保护与控制, 2013, 41(13): 20-25. 
	HUANG Yuteng, HOU Fang, ZHOU Qin, et al. A new combinational electrical load analysis method for demand side management[J]. Power System Protection and Control, 2013, 41(13): 20-25. 



