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Table 1 Comparison of optimization result between
improved TLBO algorithm and other algorithms

Fk /R /$ Fk /N E R /$
Mk TLBO 535 2.4630x10° Hk[25] 2.4893x10°
CHk[24] 2.5168x10° HK[26] 2.4817x10°
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Table 3 Minimum coal consumptions

LIRS HEFEIE /L
HL R0 204 SR 1 8 B O 6 6.0076x 10
casel ; BE TLBO $E3k (R H AR (6) (7))  5.9267x10*
case2 : IF TLBO 535 (BIBAK (6) (7)) 59273x10*
case3 : A TLBO Rk (FIBAH(6) (7))  5.9430%10°
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JRFER L casel MUMEFER A g in | o BP 25 FEHLAL
TIPS U R oA — e BT R (HAR L
F, X A N TR 3 R A 8 8 B T SR BT I 1.34 %,
M case2 5 case3 WIXF L AT E H | otk i) TLBO Bk
FEEEA Y TLBO 333 T 45 25 A 0.26 %,
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Fig.3 Day-ahead schedule for unit 1 of
thermal power plant C
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Table 2 Dispatch scheme of improved TLBO algorithm for 10-unit system

B it /MW 451/
Bl 1 Hled2 Bl 3 HldH4 HLdH s HldHe HLH7 HLZHS HlH9 HlH 10 MW

1 150.00 135.00 73.00 118.28 172.72 12220 12940 11998 20.00 15.00 19.58
2 150.00 135.00 128.66 12042 221.52 122.05 129.71 90.00 20.00 15.00 2243
3 150.00 135.00 17494 169.64 222.09 121.74 128.62 119.62 49.84 1500 28.62
4 150.00 135.50 234.16 19223 223.60 159.51 129.55 11934 52.61 4494 3552
5 150.00 135.00 298.99 241.87 223.01 12246 129.80 119.63 51.09 4790 39.42
6 150.05 13530 311.88 291.87 24276 160.00 129.84 120.00 79.88  54.42  48.06
7 150.00 176.95 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00  52.95
8 184.13  222.27 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 58.40
9 264.13  302.27 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 70.54
10 291.31 382.27 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 79.57
11 369.06 396.80 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00  87.86
12 344.53 470.00 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 92.53
13 331.62 396.80 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 84.42
14 251.62 316.80 340.00 300.00 243.00 160.00 130.00 120.00 80.00 53.16  70.58
15 171.63  236.80 340.00 300.00 243.00 160.00 130.00 120.00 80.00 53.00 58.43
16 150.03 156.81 297.52 250.00 233.59 159.74 129.59 11992 52.03 4848 43.71
17 150.12  135.03 297.57 24129 22251 123.12 129.60 120.00 51.98 4853 3943
18 150.06 151.20 301.68 291.21 24298 160.00 130.00 120.00 80.00 4892  48.05
19 226.74 23120 296.19 299.92 24249 160.00 12995 11997 80.00 4832  58.79
20 306.74 311.20 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 74.80
21 257.02 309.53 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00  70.55
22 177.03 229.54 287.68 250.01 222.61 15997 129.64 120.00 5197 4840 48.85
23 150.00 149.59 207.84 241.06 172.87 12291 129.55 119.65 52.04 1853  32.02
24 150.01 135.04 132.15 191.15 222.05 12256 12947 89.73 22.11 15.05 25.21
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Table 4 Minimum relative fluctuation of
hydropower plant
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Fig.4 Day-ahead schedule for hydropower plant d

300 Fok Ay O E

= A KT )
20 ¥
= B 3 1 r"m¢;>“ww
= 0TS RN RO
. | (RAKFR)
1 31 61 91

i B
5 KB r B B AT R 2
Fig.5 Day-ahead schedule for hydropower plant r

PRAUEAS T2l 2 [RIF X LU AT 4 181 5 AT LARZ 3R
JKEL v IS DB N R g KL
v A EE /N HOGS A A Xk 2l B 45 2R BOE R T
WRES SR d AR5 AR KL, FAR eR B DL AL it
SN TN KL ST

7 ik

5% R O A G I B R ALK kL T R GE H
350 ) R TR0 S T — s AR B K kI 9
JERTAL JE AR 2 AN B P Ak T Ak
(), K H TLBO B3k S & X2y i hb 35 4k %) 2 A
TR RESEAT TR, D BA5 R,

a. KHLEAL T [ EUTE 2% JEHLAL T B ) 2 R fD
W REA G | R &8 DR (A A
2 B 2 T I B T 5, HL R LA ) il R
FH LR R R E NS TR,

b. 7K LA AE T [0] 8 B A R R X AN R R RR
ZEE B E AN R 1 AR R B, R R R AN
I7) 25 f KRR T S T R o) B

. TE R RN A 29 o Bl T AT O AR LT S
S 2 Ak PSR AR SR i DR 4k B 0T AT A O UEAS
AKHLTTIRE H A3 B R JFREA R 45 A 1Y
PRBNIX B TR B AR

SEWR .

(1] skARPR. 55 RE A f 18 2 S T AL R B AE JR 1A 22 [) ). HL 4R 2008,
32(20):81-85.

ZHANG Senlin. A framework system of practicable measures for
energy-saving power generation dispatching[J]. Power System
Technology,2008,32(20) :81-85.

(2] SRETEBER RNAE S5, KK B IR A R TR TR & 4 B0
R[], P EHLT R4, 2009,29(28 ) : 82-88.

WU Hongyu, GUAN Xiaohong,ZHAI Qiaozhu,et al. Short-term
hydrothermal scheduling using mixed-integer linear programming
[J]. Proceedings of the CSEE,2009,29(28):82-88.

[3] EJFH, Boeas =¥ 5. W T Ae IR AL 5 1 -7k - JC g T FR e ik
I LT]. PER LT ,2013,33(13):27-35.
WANG Kaiyan, LUO Xianjue, WU Ling,et al. Optimal dispatch
of wind-hydro-thermal power system with priority given to clean
energy[J]. Proceedings of the CSEE,2013,33(13).27-35.

(4] S8t RACHRE Wi/ fR A5 L ot 2 e L 1 K o ) &

()] B LH AR ,2014,29(12) . 188-198.

GUO Zhuangzhi,WU Jiekang, CHEN Shaohua,et al. Enhanced

electromagnetism-like mechanism based hydrothermal power sys-

tems optimization scheduling[J]. Transactions of China Electro-
technical Society,2014,29(12):188-198.

SN A LT AR A5 T R K v R Y K R R

R[] ], HMEAR 2014,38(3):616-621.

YUAN Xufeng,HAN Shibo,XIONG Wei,et al. Energy-saving

generation scheduling strategy of hydropower and thermal power

—
W
—

plants considering cascaded hydropower stations[J]. Power System

Technology,2014,38(3) :616-621.



% 128

DA, 25 7K I HL Ty 28 58 S 309 52 1Al i B8 A5 50 e SR ey @

[6] ZHANG J,LIN S,QIU W. A modified chaotic differential evolu-
tion algorithm for short-term optimal hydrothermal scheduling[J].
International Journal of Electrical Power & Energy Systems,2015,
65:159-168.

AHMADI A ,MASOULEH M S,JANGHORBANI M,et al. Short
term multi-objective hydrothermal scheduling[J]. Electric Power
Systems Research,2015,121:357-367.

X, B anE . A BB 9K HL il 52 A 29 A SRR O R ST IR
ZUE AR EE (] ). T E AL LR A4 ,2012,32(14) :27-35.

LIU Jing,LUO Xianjue. Short-term optimal environmental eco-

—
-
[

—
o]
[}

nomic hydrothermal scheduling based on handling complicated
constraints of multi-chain cascaded hydropower station[J]. Pro-
ceedings of the CSEE,2012,32(14):27-35.
[9] BT, 50/ Kot | 45, T HAMBIL ] (4 7K K He T R e 0Ty
REA L IHEE[)]. MR 2012,36(9):107-114.
HANG Naishan,GUO Xiaoxuan,ZHENG Bin,et al. Complementary
mechanism-based short-term energy conservation generation schedu-
ling for hydrothermal power system[J]. Power System Techno-
logy,2012,36(9):107-114.
[10] R g, BT 2 HAR S0k 28 40 A S0 oKk o 1 RGek
CIHEZL)]. R RSG5, 2011,39(22):90-97.
QIN Hui,ZHOU Jianzhong. Optimal hydrothermal scheduling
based on multi-objective cultured differential evolution[]J]. Power
System Protection and Control,2011,39(22):90-97.
[11] Bl W10 LR bR A5, 5 1 2R 298 S I i) o7 JXU IS 7K SF- 24 7
IR K=K H 7 R G R DAL BE ()], B R [ 2014,38(7)
1898-1906.
HE Jianbo,HU Zhijian,ZHANG Menglin,et al. Coordinated
optimal dispatching of wind-thermal-hydro power system con-
sidering constraint of real-time expected demand not supplied
[J]. Power System Technology,2014,38(7):1898-1906.
TR, A RIR) BRZ B S ST AIBLAE i Bl kR R A
SALRIH[)]. IR SE A 914k,2012,36(5) :45-50.
XU Fan,LI Lili,CHEN Zhixu,et al. Generation scheduling

[12

[}

model and application with fluctuation reduction of unit output
[J]. Automation of Electric Power Systems,2012,36(5):45-50.

[13] ZECik AR, M0, 45, 25 iR 3l X Ak i pL2H 21 45 L AL B
JE[J]. KEREER 2012,30(9):122-124.

LI Wenwu,ZHENG Jun,WU Xixi,et al. Unit commitment of
hydropower station considering vibration zone[J]. Water Resources
and Power,2012,30(9):122-124.

(14]) @ E W] e WM 6, A5 56T RS 19 48R0 28 SUSRIE Y 52 8¢ 1]

S HLTE RS oK R e BR BENLIE BE i v T (1], B0 A Bk
#,2014,34(3) :125-131.
JI' Changming,ZHOU Ting,XIANG Tengfei,et al. Application
of support vector machine based on grid search and cross va-
lidationin implicit stochastic dispatch of cascaded hydropower
stations[J]. Electric Power Automation Equipment,2014,34(3):
125-131.

[15] VFpk, B T, 5 TSN ARG Ui R
BUREE[)]. ) RGO S5 ,2013,41(24) :76-81.

XU Dan,ZHAO Hongtu,DING Qiang,et al. Modeling strategy
based on utility of security constrained economic dispatch[J].

Power System Protection and Control ,2013,41(24).76-81.

[16] QIN H,ZHOU J,LU Y et al. Multi-objective differential evolu-
tion with adaptive Cauchy mutation for short-term multi-objec-
tive optimal hydro-thermal scheduling[J]. Energy Conversion &
Management ,2010,51(4) : 788-794.

[17] YU B,YUAN X,WANG J. Short-term hydro-thermal scheduling
using particle swarm optimization method[J]. Energy Conversion
& Management,2007,48(7) :1902-1908.

(18] 2FAkAE RIS R, 45, JOMLBE XU A I 1 XUk R g

ARG ST []]. W A kit ,2015,35(11):52-58.
NIU Linhua,GONG Qingwu,HUNAG Bingxiang,et al. Optimal
dispatch of wind-gas-coal power generation system with large-
scale wind farm[J]. Electric Power Automation Equipment,2015,
35(11):52-58.

(197 J5ATIE R b RN 5% BT B OE VIR & 2 4y AL Tk K
KL R g R AR ORAR ()], BRRIER 2009,33(13) :32-36.
LU Youlin,ZHOU Jianzhong,QIN Hui,et al. Short-term schedu-
ling optimization for hydro-thermal power systems based on
adaptive hybrid differential evolution algorithm[J]. Power System
Technology,2009,33(13) :32-36.

[20] DEB K. An efficient constraint handling method for genetic al-
gorithms[J ]. Computer Methods in Applied Mechanics and Engi-
neering,2000,186(2):311-338.

[21] RAO R V,SAVSANI V J,VAKHARIA D P. Teaching-learning-
based optimization:a novel method for constrained mechanical
design optimization problems[]J]. Computer-Aided Design,2011,
43(3):303-315.

[22] BASU M. Teaching-learning-based optimization algorithm for
multi-area economic dispatch[J]. Energy,2014,68:21-28.

[23] MANDAL B,ROY P K. Multi-objective optimal power flow us-
ing quasi-oppositional teaching learning based optimization[J].
Applied Soft Computing,2014,21(3):590-606.

[24] BASU M. Dynamic economic emission dispatch using nondomi-

nated sorting genetic algorithm- 1 [J ]. Electrical Power and

Energy Systems,2008,30(2):140-149.

PAICES O b= . LN ER I S A - OS2 e ) e 4 ]

RAELI]. RIHEAR,2013,37(2):385-391.

JIANG Xingwen,ZHOU Jianzhong, WANG Hao,et al. Modeling

[25

—

and solving for dynamic economic emission dispatch of power
system[J ]. Power System Technology,2013,37(2):385-391.

[26] NICOLE P,ANSHULT,SHASHIKALA T,et al. An improved
bacterial foraging algorithm for combined static/dynamic environ-
mental economic dispatch[J]. Applied Soft Computing,2012,
12(11):3500-3513.

EER .

MK (1987—), % LR H HA L5
R BRIy ) AR IF R 6 8 ) R GetkiAe
P (E-mail ; 951057354@qq.com) ;

AW (1969 —), B, # A H A K
BWHEARTASH W @EHEE A
FE AN RGBESMH G HeRS
%A XA % (E-mail : zhijian_hu@163.com) ,

LA AR



(2] R R % 36 %

Practical short-term dispatch model of hydro-thermal power system and solution
ZHANG Menglin,HU Zhijian, WANG Xiaofei, HU Mengyue
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: With a large-scale hydro-thermal power system in a power grid as an example,its combined
dispatch problem is formulated as two sub-problems of time-sequence optimization based on its
decoupling mechanism for energy saving and practical application. In the sub-problem of thermal power
optimization ,apart from the conventional constraints,the up-down direction constraints of thermal power
unit outputs and the fluctuation threshold constraint of total thermal power load between adjacent time
intervals are applied to ensure the smooth output of thermal power units;in the sub-problem of hydro
power optimization ,the daily average output constraints and vibration zone constraint of hydropower plants
are considered to make full use of hydropower. The improved teaching-learning-based optimization
algorithm with flexible updating strategy is adopted to solve two sub-problems and different heuristic
constraint handling strategies are designed for the complex constraints with strong coupling between two
sub-problems of optimization. The simulative results of day-ahead dispatch for a hydro-thermal power
system with 15 thermal power plants and 29 hydro power plants verify the feasibility and practicability
of the proposed model and the effectiveness of the proposed solution.

Key words: hydro-thermal power system; practical dispatch model; smooth unit output constraint; teaching-

learning-based optimization algorithm; heuristic constraint handling; flexible updating strategy
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Automatic transmission line path selection based on GIS and improved CA
SU Haifeng',SHI Jingwei', LIANG Zhirui', WU Changqing?
(1. School of Electrical and Electronic Engineering, North China Electric Power University,Baoding 071003, China;
2. Chongqing Electric Power Design Institute , Chongging 400030, China)

Abstract: The complicated geographical information in the geographical units is integrated by the GIS
technology and the analytic hierarchy process,and based on the CA (Cellular Automata) model,an automatic
transmission line path selection model is built according to the features of transmission line design,which
adopts the heuristic search,includes the partial cost control and overall direction control,and integrates the
pheromone updating mechanism of ant colony algorithm. With the geographical data provided by Google GIS,
an automatic transmission line path selection program is developed by C#2010 to verify the efficiency of the
proposed model.

Key words: power transmission; transmission line path selection; geographic information system; analytic

hierarchy process; cellular automata; heuristic search; ant colony optimization



