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Pump Operation Optimization and Projection Pursuit Evaluation Strategy
Based on Ant Colony Optimization

Yuan Yao Liu Chao
(School of Water Conservancy Science and Engineering, Yangzhou University, Yangzhou 225009, China)

Abstract; Usually the evaluation index of optimal pump operation solution is single. An optimal pump
operation model which contained the constraint of start-stop pump unit was developed, and projection
pursuit evaluation method for scheme optimization was proposed. The ant colony optimization algorithm
was used to calculate the model. The heuristic information and the pheromone trail update method were
improved by analyzing characters of the model for better performances. A calculation example for the
No. 4 Jiangdu pumping station was conducted. The results from ant colony optimization algorithm showed
that 29. 2% of energy fee could be saved under the designed operation condition, which was compared
with the result from dynamic programming with successive approximation algorithm under the same
discrete condition, and was better with 2. 8% of the result from dynamic programming. The results from
ant colony optimization algorithm had less times of the blade adjusting, and shorter operating time of the
pumps. Projection pursuit evaluation could give consideration to multiple evaluation indexes. The
evaluation result of projection pursuit not only has low electric fee, but also suitable for practical
operation, which indicates that ant colony optimization algorithm combined with projection pursuit
evaluation method can provide a high application value to the field of optimal operation of pumping
stations and related fields.
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Fig. 1 Description scheme of pump operation

optimization problem
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Tab.1 Working parameters of pumping unit in different periods
o} WY A WE, AR/ aRTEf/ it £ N A WES MR/ RN/
AR =3 £
B/m  /(°) mP-s™' %  5-(kW-h) ! B/m o /(°) mP-s™' % G- (kW-h) 7!
-4.0 28.10 73.80 -4.0 29.70 76.10
I -2.0 30.50 74.70 VI -2.0 32.40 77.10
8. 06 0.0 33.00 76.10 0.978 7.50 0.0 35.20 78.40 0.978
(17:00 ~19.00) ,2 h (07:00 ~09:00) ,2 h
2.0 35.90 78.30 2.0 37.70 79.10
4.0 38.60 78.20 4.0 40.30 78.90
-4.0 29.90 76.20 -4.0 30.20 76.60
1 -2.0 32.60 76.20 - -2.0 32.90 77.50
7.46 0.0 35.30 77.20 0.978 7.36 0.0 35.70 78.60 0.978
(19:00 ~21:00),2 h (09:00 ~11:00),2 h
2.0 37.80 79.10 2.0 38.10 79.00
4.0 40.40 78.90 4.0 40.70 78.70
-4.0 30.10 76.40 -4.0 29.20 75.30
I -2.0 32.80 77.40 - -2.0 31.80 76.50
7.40 0.0 35.50 78.50 0.587 7.69 0.0 34.50 77.90 0.587
(21:00 ~23.00),2 h (11:00 ~14:00),3 h
2.0 38.00 79.00 2.0 37.10 79.00
4.0 40.60 78.80 4.0 39.80 79.00
-4.0 28.80 74.80 -4.0 28.00 73.30
W -2.0 31.30 75.90 X -2.0 30.30 74.50
7.82 0.0 34.00 77.40 0.276 8.09 0.0 32.90 75.90 0. 587
(23.00 ~03:00) ,4 h (14:00 ~17:00),3 h
2.0 36.70 77.80 2.0 35.80 78.20
4.0 39.40 78.90 4.0 38.40 78.10
-4.0 27.90 73.50
v -2.0 30.20 74.20
8.13 0.0 32.70 75.70 0.276
(03:00 ~07:00) ,4 h
2.0 35.60 78.00
4.0 38.30 77.80
F2 IHEEERBETAR
Tab.2 Routine operation scheme of No.4 Jiangdu pumping station
i B ¥4 F2/m R/ (0) HLAH & 5 BB A /m’ s KAt/ T m’ eI 2% M/ ot
I 8.06 0 7 33.0 166. 32 76. 1 4.99
| 7.46 0 7 35.3 177.91 77.2 4.87
I 7.40 0 7 35.5 178.92 78.5 2.87
v 7.82 0 7 34.0 342.72 77.4 2.77
V 8.13 0 7 32.7 329.62 75.17 2.83
Vi 7.50 0 7 35.2 43.51 78. 4 1.18
VI 7.36
VIl 7.69
X 8.09
fit 1239 19.51




5 330 e AF s BRI 1 B B AT A B S e O R 43
®3 HEHYNBRERERGHESVNHBRLETHE
Tab.3 Optimal operation scheme got by calculation of dynamic programming with successive approximation
i Bt WX E/m MR A(C) DI IR BHLFE R/ m? s K/ TT m? AR % M/
I 8.06 0
I 7.46 0
I 7.40 -4 4 30.33 87.35 76. 65 1.43
v 7.82 4 7 39.50 398. 16 81.20 3.06
\ 8.13 2 7 35.40 356. 83 77. 80 2.98
Al 7.50 0
VI 7.36 0
Vi 7.69 3 7 38.17 288.57 78.87 4.78
X 8.09 1 3 34.32 111.20 78.09 1.96
A1t 1242.11 14. 21
x4 RUSTHARERHRZIREN
Tab.4 Projection pursuit evaluation for optimal operation schemes
Ji % BATHL Y/ T LR R E AT ] /h PR P AT % /kW PP ¢ #(H.
1 13.905 1 0 88 78.56 109 766 1.3842
2 13.8920 2 89 78. 49 107 863 0.489 6
3 13.8120 1 89 78.56 107 912 1.3843
4 13.963 8 1 89 78.59 108 246 1.3842
5 13.8792 2 91 78.52 108 484 0.486 8
RN RS N /N AR /N R BRBAR T /N R A LN T
RS WBEERGHNESNABRLETARE
Tab.5 Optimal operation scheme got by calculation of ACO
I B ¥4 #/m mR /() HLA & 5L PKL A/’ s ki JT m’ WA % %M/ ot
I 8. 06 0
I 7.46 0
I 7.40 4 6 40. 6 175.39 78.8 2.80
v 7.82 4 7 39.4 397.15 78.9 3.15
A% 8.13 4 7 38.3 386. 06 77.8 3.22
Vi 7.50 0
Wi 7.36 0
Vil 7.69 2 7 37.1 280. 48 79.0 4. 64
X 8.09 0
o3 1239.1 13.81
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