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A Thermal Unit Commitment Approach
based on a Bounded Quantum Evolutionary Algorithm
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Abstract - This paper introduces a new approach based on a quantum-inspired evolutionary algorithm (QEA) to solve
unit commitment (UC) problems. The UC problem is a complicated nonlinear and mixed-integer combinatorial
optimization problem with heavy constraints. This paper proposes a bounded quantum evolutionary algorithm (BQEA) to
effectively solve the UC problems. The proposed BQEA adopts both the bounded rotation gate, which is simplified and
improved to prevent premature convergence and increase the global search ability, and the increasing rotation angle
approach to improve the search performance of the conventional QEA. Furthermore, it includes heuristic-based constraint
treatment techniques to deal with the minimum up/down time and spinning reserve constraints in the UC problems.
Since the excessive spinning reserve can incur high operation costs, the unit de—commitment strategy is also introduced
to improve the solution quality. To demonstrate the performance of the proposed BQEA, it is applied to the large-scale

power systems of up to 100-unit with 24-hour demand.
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Begin
k<0
Initialize the Q-bit individuals (i.e., 2()).
Make the binary solutions in X ()
Store the best solutions among X (K) into B(k)
While (k< maximum iteration)
kek+1
Update Q(k) using rotation gate.
Make X(K) by observing the state of o)
Store the best solutions among B(k-1)
and X(K) into B(K)

Store the best solution among B() into G(K) .
End
End
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Begin
For J=1 MaxUnit

If unit J is set to be ON at hour  (i.e., “u=1) then

it #0-1=0 then
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Eiseif TOFF; 2 MDT; o u;, =1
Endif

Elseif 1=1 then “ =1
Endif

Elseif % =0 then

If 40 =1 then

I# TONj,[q < MUTj then u/‘, =1
Elseif TON; 12 MUT; o 4, =0
Endif
Eiseif “1 =0 then % =0
Endif
Endif
Next /

End
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Table 2 Comparison of Best Results by Methods (Unit:$)

Units | LRI[4] GALl6] SA[7] | IPSOI8] | BQEA

10 565,825 565,825 | 565,828 | 563,954 | 563977

20 1,130,660 | 1,126,243 | 1,126,251 | 1,125,279 | 1,123,326
40 2,258,503 | 2,251,911 | 2,250,063 | 2,243,163 | 2,244,991
60 3,394,066 | 3,376,625 N/A 3,370,979 | 3,362,930
80 4,526,022 | 4,504,933 | 4,498,076 | 4,495,032 | 4,487,179
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Table 1 Simulation Results of the Proposed BQEA Method
Units Best Average Worst | Standard | Average
Cost($) | Cost($) | Cost($) |Deviation | Time(s)
10 563,977 563,977 563,977 0 19.53
20 | 1,123,326 | 1,124,236 | 1,124514 | 241.19 56.13
40 | 2,244991 | 2,245966 | 2,246,799 | 400.98 182.87
60 | 3,362,930 | 3,365,547 | 3,366,339 | 666.69 390.5
80 | 4,487,179 | 4488229 | 4,483,954 4605 654.64
100 | 5606685 | 5,607,740 | 5608446 | 48352 966.87
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100 | 5,657,277 | 5,627,437 | 5,617,876 | 5,619,284 | 5,606,685
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Fig. 5 Unit Scheduling Result and Generation Cost for 10
Unit System
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