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Optimization of unit commitment of marine power system using
improved genetic algorithm

YANG Kun, OUYANG Guang-yao, CHEN Hai-long

(College of Ship and Power Engineering, Naval University of Engineering, Wuhan Hubei 430033, China)

Abstract: In accordance with the characteristics of the unit commitment problem in marine power system, we propose

an improved genetic algorithm with both float-point coding and binary coding. To apply the nonlinear 0-1 mixed integer

programming to the optimization of the unit commitment, other items in the algorithm are modified accordingly, including

the coding and decoding modes, initial population creation, constraint conditions disposal, fitness function selection, genetic

operators and the control parameters modulation. In the application of this improved algorithm, not only the constraint

conditions can be handled more readily, but the convergence speed and the solution precision are also improved. The

application advantage is demonstrated by a 2% reduction in average oil consumption rate.
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2 (Unit com-

mitment problem mathematical description)
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. 24 h,

24 h , G,

PDt,

:

1) :

min F (Uit, Pit) =
24∑

t=1

G∑
i=1

[Uit · Fi(Pit) +

Uit · (1 − Ui(t−1)) · Si)], (1)

: Uit i t , 1 ,

, 0 ; Pit i t

; Si i

, T , Si = S0i + S1i(1 −
e−T/τi); S0i, S1i, τi i .

2) .

3 :

Fi(Pit) = aiP
3
it + biP

2
it + ciPit + di,

t = 1, 2, · · · , 24; i = 1, 2, · · · , G, (2)

ai, bi, ci, di i .

3) . ,

:
G∑

i=1

Uit · Pit = 1.1PDt, t = 1, 2, · · · , 24, (3)

PDt t ,

10%.

4) :

Pi min � Pit � Pi max, t = 1, 2, · · · , 24, (4)

: i = 1, 2, · · · , G, Pi max, Pi min

.

5) . 8%

:
G∑

i=1

Uit · Pi max � Rt, t = 1, 2, · · · , 24. (5)

Rt = 1.08 × 1.1 × PDt.

6) :
24∑

t=1

|Uit − Ui(t−1)| � Mi, i = 1, 2, · · · , G, (6)

(Uit − Ui(t−1))
t−1∑

j=t−T1

(1 − Uij) � T1,

t = 1, 2, · · · , 24, i = 1, 2, · · · , G, (7)

(Uit − Ui(t−1))
t−1∑

j=t−T2

(1 − Uij) � T2,

t = 1, 2, · · · , 24, i = 1, 2, · · · , G. (8)

Mi i

; T1 ;

T2 .

,

Uit, Pit Fi(Pit)
.

3 (Genetic algorithm and

its improvement )
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3.1 (Improvement

upon genetic algorithm )
1) .

,

t(t � 24), G ,

i (i � G) i t .

,

, i 24 ,

j (j = 1, 2, · · · , 24) i j

. G

, 1 .

1

Fig. 1 The binary representation of unit commitment
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3) .

a) .

.

, :

min F (Uit, Pit) +
24∑

t=1

G∑
i=1

4∑
k=1

σ(i,t,k)R(i,t,k), (9)

R(:,:,k)=

{
|g(:,:,k)(x)|, g(:,:,k)(x) ,

max(0, g(:,:,k)(x)), g(:,:,k)(x) .

(10)

: F (Uit, Pit) ; σ(:,:,k)

k ; R(:,:,k) k .

(9) ,

,

. (9)

:

f =
1

F +
24∑

t=1

G∑
i=1

4∑
k=1

σ(i,t,k)R(i,t,k)

. (11)

,

.

b) .

:

[5].

:

i) , ,

:

PG = PDt −
G−1∑
i=1

UitPit, t = 1, 2 · · · , 24, (12)

If PG < L then PG = L,

If PG > H then PG = H.

H, L G .

ii) .

,

, .

4) .

,

,

, .

5) .

a) 0--1 :

,

,

,

, .

b) :

,

, .

, Pc

,

. ,

,

,
[6]. :

Pc = Pc0 − Pc-step × k, (13)

: Pc0 ; Pc-step

; k .

6) .

, :

a) :

,

,

, ,

.

b) :

x , j ,

Pj

[max(PDt − PG max −
G−1∑

i=1,i �=j

Pi, Pj min),

min(PDt − PG min −
G−1∑

i=1,i �=j

Pi, Pj max)],

Pj

,

.

7) .

GA

,

,

,

.
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4 (Analysis of the results)
1#∼ 3#3 260 kW

, 1#

2 ,

,

,

, ,

, MATLAB

,

, ,

, 1 2

3 . 2 3

,

2%,

, ,

.

2

Fig. 2 The oil rate curve of the unit

1

Table 1 The system load and the deposited power data

T / h 1 2 3 4 5 6 7 8 9 10 11 12

PDt/ kW 750 743 728 712 690 701 682 637 566 528 495 450

PR/ kW 66 65 64 63 61 62 60 56 50 46 44 40

T / h 13 14 15 16 17 18 19 20 21 22 23 24

PDt/ kW 450 435 427 435 472 517 585 637 682 712 731 746

PR/ kW 40 38 38 38 42 45 51 56 60 63 64 66

2

Table 2 The commitment results of the unit load Uit

T / h 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3# 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1

3

Table 3 The optimization results of the unit power

T / h 1 2 3 4 5 6 7 8 9 10 11 12

1# / kW 260.0 260.0 257.6 260.0 215.9 260.0 209.8 212.9 189.6 175.6 236.1 260.0

2# / kW 260.0 241.0 260.0 260.0 260.0 219.6 260.0 211.1 189.6 176.2 259.9 190.0

3# / kW 230.0 242.9 210.4 192.0 216.0 220.4 210.2 212.0 188.7 176.2 0.0 0.0

/(g · (kWh)−1) 198.7 198.9 199.1 198.7 197.7 198.2 197.0 195.1 197.2 200.6 198.9 196.5

/(g · (kWh)−1) 195.9 197.8 195.7 195.7 195.4 195.7 195.2 195.1 197.2 200.6 196.9 196.2

T / h 13 14 15 16 17 18 19 20 21 22 23 24

1# / kW 260.0 217.8 214.1 217.8 260.0 260.0 194.5 212.9 209.8 260.0 260.0 260.0

2# / kW 190.0 218.2 213.9 218.2 212.0 257.0 194.5 211.1 260.0 260.0 260.0 241.0

3# / kW 0.0 0.0 0.0 0.0 0.0 0.0 194.9 212.0 210.2 192.0 212.0 242.9

/(g · (kWh)−1) 196.5 159.6 195.2 195.6 198.5 196.3 196.2 195.1 197.0 198.7 199.1 198.9

/(g · (kWh)−1) 196.2 195.6 195.2 195.6 198.2 196.2 196.2 195.1 195.2 195.7 195.3 197.8
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5 (Conclusions )
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