5513 4 3 1 R A

2018 4 6 H

CAAI Transactions on Intelligent Systems

S VS SR Vol.13 No.3

Jun. 2018

DOI: 10.11992/ti5.201705002

[ & tH R bt : http://kns.cnki.net/kems/detail/23.1538.TP.20180406.1830.002.html

BEEKBEZS SQP HIRSMBR NIMNELFFEE

A, 5 A
(4o K5 BH S AEMNTAESERE, T £2 071003 )

o E: IR T AR R H A R R AR Y SR B R . AU — i BRI
# (intelligent water drops, IWD) FlF51 ¥k MK (sequential quadratic programming, SQP) AR &K it i IR EE 45
PR EE [RIEIR) J7 % (IWD-SQP). 41X SQP 4 R4 R 55 MBI A, 158 REZKIG S 1 0 F TR e S Ak [l W] R4 43k
LA AR KR BT A A SR E R 90 R s A TR LAAS B AR A o R R B YR R T —A> 10 AL
DR R G AT 5L, 55 T T 1SR A 25 e I A 3557 1 F, g BRI 28 55 R [ RBAH LE, 36UE T IWD-SQP Ry A A7 M A

Rtk

SRR B RE AT S s P81 LRl R RS R U IRIE 5 IRV s SR AL s TR S A vE DN 1 R K

hE S ES:TP391.9; TPTM 621.4  CEKIRERL: A

STEHRDS 1673-4785(2018)03-0346-06

H3C5] AR RS, EE A BRKBEES SQP MR EM R NIRRLFIAE ] BEEREFN, 2018, 13(3): 346-351.
#5| F183: ZHAO Wengqing, QIN Zhibu. Hybrid intelligent water drops algorithm and sequential quadratic programming for

electric power economic emission dispatch [J]. CAAI transactions on intelligent systems, 2018, 13(3): 346-351.

Hybrid intelligent water drops algorithm and sequential quadratic
programming for electric power economic emission dispatch

ZHAO Wengqing, QIN Zhibu
(School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Economic dispatch in an electric power environment is critical to reducing the cost of coal consumption and

the emission of air pollutants during power generation. We propose a hybrid methodology that combines an intelligent-

water-drops (IWD) algorithm with sequential quadratic programming (SQP) to improve the economic dispatch. Because

of SQP’s weak global search capability, we use IWD to seek a global solution. In addition, the solution generated by the

water droplets in each iteration is then taken as the initial solution of SQP, which is also slightly adjusted to improve the

solution. We test the proposed approach by using a ten-unit system. In comparison with other methods that consider the

valve-point effect, the proposed IWD-SQP method is feasible and effective.

Keywords: intelligent water drops algorithm; sequential quadratic programming; electric power environment; economic

dispatch; valve-point effect; continuous optimization; hybrid algorithm; standard test function
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T =w-Cost+ (1 —w)Emission + A
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Fig. 1 Flow chart of the IWD-SQP algorithm
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SQP. PSO-SQP F k3R fifi% Ha 1 PR 58 28 15 A 2 1]
i, [EEF, B IWD F1 IWD-SQP FH T/ m it
PRECHEA TSR A S BT IR A 17 TIWD-SQP FE L # o
ST FRES A T4 2.40 GHz. 4 GB RAM & 191 A
AL, Bk HAAF A MATLAB R2014a.
32 EESHIE

TES2E H, IWD-SQP % & S E UK R A
20, AR K EL Tter=100, 7K IHI 4R 3 InitVel=
100, 7KW1 b AT R 11 Soil=0, #&12 hiR iR
+ 4 InitSoil=1 000, & GE/K i ECH N\We=20, 0,=0.9,
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DE. PSO #l SQP kS ¥z B A . S48 v 67 fif
>Rk LOAD A 1 036 MW, FEST K FA4 1000, AL H
7 w 435I 0.5 F1 1 #EA75256
3.3 B&H IWD-SQP EiEMEENHT

R T EL TR A IWD-SQP Bk
IWD FELEIEH, # 2 4EfHY Ackley i1 Beale FrifEl]
IR PREUE N H bR pR B MATLAB 355 £ 75256
Kfmxft, £ 144 7T IWD #l IWD-SQP 5k
FE A 2 LERR I PR o UG (B RN S W ST
RVE, 551 A%, IWD 5 IWD-SQP 534K 6E
RN (R e UE, A2 T TWD-SQP 3k ik
i A5 20 1 {8 B B2 0 B A LA s Rl TWD-
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Table 1 The experiment results of the IWD and IWD-SQP algorithm to solve the standard test function

PREK WRES ES ANV BB AAH bRttt AR (E
Ackley IWD 23 £(0.0)=0 0.027 591 (0.008 56,0.002 76)
IWD-SQP 18 0.023 541 (0.007 45,0.002 16)
Beale IWD 19 £(3,05)=0 0.000 116 (3.027 4,0.506 74)
IWD-SQP 17 0.000 114 (3.022 6,0.504 35)

34 10 MIANKBRSELRGE RS
KA J5 3%, #Effs LOAD=1 036 MW,
w Al 0.5 Al 1, B4 25 AL, BH bRl

ARSI AR, 15 RIS LA AR 7 Rk 2.
3 PR, W BETT S MR BUAE | HERC DL R
A EARIE NS 4 B

% 2 LOAD=1036 MW, w=0.5 I EHAFAEHRE

Table 2 Scheduling scheme (MW) for LOAD =1 036 MW, w=0.5

(ER7H U U, U, U, Us Us U, Us U, Uso P
GA 151.66  136.16  107.95 11798 11146  160.00  60.64  120.00 3475 55.00 19.60
SQP 150.00  135.00  124.53  180.69 17271 12249  93.10  47.00  20.00 10.00 19.53
DE 152.67  140.03  73.08 12279 17472 13729 12490 5595 5752 16.69 19.63
PSO 157.67 13920 9880  111.65 163.78 14038  81.88 58.15  63.92 4031 19.69
DE-SQP 150.00 13500  77.76 12049  172.84 12246 12959 8536  52.05 10.00 19.55
PSO-SQP 150.00  135.00  82.89 12045 17276 12245 12959  47.00  52.08 4343 19.65
IWD-SQP 150.00 13500  73.00  107.34  122.87 12243 12957  120.00 52.05 4340 19.65

122 4 AT, e [R]— 1 far 75 R H AR ELH 2 S2PR
BURIEOL R, AR T w 405000 0.5 F1 1B, HH
M UA 5 A0 AR SCHE H ) TWD-SQP B R iz
FE, ) IR 2055 VR B [m) A B, B A B s e, SR FHAR SC
P ) BR BEAR BB A#, 1B TWD-SQP Bk AE

Kz R RTATIY AR . FE w=0.5 B, A
CHEH B TWD-SQP Hvk s HARME T~ 32 596, b
DE-SQP %k 5 Hir{E 32 643 ik 47, 3 H IWD-
SQP Fvk 15 Y Wy HE ik i AE JLAD 7 ik bt 2 R AR
B, 7E w=1 B, AR CHEH B TWD-SQP 532 i H bk
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i T} 60 798, % DE-SQP 4= H HAr{H 61 107
i 309; Al A 35 3 AT, 78 w=1 B, ASCHE Y
IWD-SQP Bk 1HEE I M BAE R 19.57 MW,

FEILRR I G iAo Bl DI i, R SCHR Y
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Table 3 Scheduling scheme (MW) for LOAD =1 036 MW, w=1

GERCS U, U, Us U, Us U, Us Us U Py
GA 15470 14067 9673 10841  74.03  160.00  130.00  120.00 27.85 4331 19.70
SQP 150.00 13500 161.15  180.73 17271 12248 5655  47.00  20.00 10.00 19.61
DE 15129 13568  109.58  114.64 21521 11950  81.89 8441 2952 13.89 19.63
PSO 15547 13505 7874 17171  123.12  83.17 12962  86.06 56.79 36.05 19.76
DE-SQP 150.00 13500  73.00 11027 22195 12241  93.09  120.00 20.00 10.00 19.73
PSO-SQP 150.00 13500  73.00  180.76  122.89  83.67 12959 8533 5209 4342 19.75
IWD-SQP  150.00 13500 7520 12041 17273 122,63 12959  120.00 20.00 10.00 19.57

& 4 LOAD=1036 MW FH#A#4 28 i HERE UK 2 BAvE
Table 4 Cost, Emission and total object for LOAD=1 036 MW

;%;% 4 — 3 4. 4 - 3 4
Cost(10°$) Emission(10” 1b) 7(10°) Cost(10°$) Emission(10” 1b) 7(10°)
GA 6.3153 4.101 3.362 7 6.256 5 4.259 6.256 5
SQP 6.196 7 4.954 3.346 0 6.2220 5.231 6.222 0
DE 6.258 2 4.296 3.3439 6.2420 4.532 6.2420
PSO 6.380 5 4.024 3.396 7 6.263 8 43899 6.263 8
DE-SQP 6.100 7 4278 3.264 3 6.1107 4.665 6.1107
PSO-SQP 6.140 0 4.162 3.278 1 6.1832 4.446 5 6.1832
IWD-SQP 6.1210 3.983 3.2596 6.079 8 4.485 6.079 8

4 HEEAE 35(14): 3685-3692.
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