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Sine Cosine Dynamic Interference Harris Hawk Algorithm for PCNN
Parameter Optimized Image Fusion

LIU Liqun, CHEN Hui
(School of Information Science and Technology , Gansu Agricultural University, Lanzhou 730070, China)

Abstract: The Harris Hawk optimization algorithm suffers from the defects that the global exploitation population distribution is not extensive
in the early stage and the local exploitation is easy to fall into the lack of convergence accuracy in the later stage, a Harris Hawk optimization
algorithm with positive—cosine dynamic interference is proposed. Firstly, in the preliminary global development stage, two different evolution-
ary strategies are used to disturb the Hawk population distribution by using cosine function and sine function respectively, so as to expand the
range of the population distribution, strengthen the breadth of the initial global exploration stage of the Hawk population, and provide better
conditions for the local development in the later stage. Then, in the local exploitation stage, the prey escape energy formula is curvilinearly ad-
justed to make the prey energy loss match more closely with the real energy loss in nature, and thus enhance the capture ability in the exploita-
tion stage. Finally, the improved Harris Hawk optimization algorithm with sine cosine dynamic interference is optimized for the three parame-
ters of link input, time decay coefficient, and link strength of pulse—coupled neural network (PCNN) and applied to image fusion of visible
and ToF confidence maps. The improved algorithm is validated by simulation experiments using six comparison algorithms and 24 test func-
tions. The experimental data finally show that the Harris Hawk optimization algorithm based on sine cosine dynamic interference proposed in
this paper can achieve better search capability and better convergence accuracy. Through the fusion comparison experiments with other fusion
algorithms, it is verified that the improved fusion algorithm has significantly improved the fusion effect than the original algorithm.
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Fig.1 Working principle of PCNN
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Fig.2 SCHHO algorithm process
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Table 2 Comparison of performance between SCHHO and six algorithms
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SCHHO  L.10E+07 7.43E+07 6.25E+08 4.07E-217 SCHHO  3.35E-03 3.47E-02 4.79E-01 0.00E+00
HHO 1.46E+06  2.64E+07 5.79E+08 3.87E-96 HHO 1.05E-03  1.54E-02 3.34E-01 0.00E+00
BOA 4.83E+06  4.26E+07 6.20E+08 1.65E-11 BOA 7.00E-02  1.16E-01 3.83E-01 2.02E-10
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F3 Zakharov BOA

6.30E+08 4.67E+09 6.57E+10 2.80E-22
WOA 8.01E+08 5.82E+09 6.54E+10 1.83E-72
SSA 3.67E+09 4.46E+09 2.26E+10 8.64E+02
SFLA 6.77E+03 1.59E+04 6.45E+04 1.40E+02
9.74E-04 1.49E-02 2.31E-01 0.00E+00
HHO 1.09E-03 1.74E-02 3.56E-01 0.00E+00
BOA 3.18E-02 1.56E-01 9.90E-01 1.34E-18
GWO 6.05E-06 1.24E-04 2.77E-03 0.00E+00
2.86E-06 3.61E-05 4.68E-04 0.00E+00
SSA 1.22E-05 8.92E-05 1.31E-03 4.99E-16
SFLA 221E+02  2.36E+03 2.65E+04 3.75E+00
1.45E+06 3.01E+07 6.73E+08 6.74E-130
HHO 2.85E+06 3.41E+07 4.39E+08 2.18E-52
1.08E+06 1.09E+07 1.47E+08 1.11E-11
GWO 243E+04 7.44E+04 5.03E+05 1.36E+02

WOA 4.38E+05 4.06E+06 5.27E+07 1.08E+05
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BOA 9.17E+03  2.13E+02 1.11E+04 8.97E+03

F14 Schwefel GWO 8.45E+03 1.05E+03 1.01E+04 6.50E+03
WOA 1.31E+03  1.81E+03 9.93E+03 6.92E+00

SSA 7.12E+03  2.02E+03 1.02E+04 5.13E+03
SFLA 8.66E+03  1.53E+02 8.94E+03 8.58E+03

SCHHO  447E-01 9.21E+00 2.06E+02 0.00E+00
HHO 1.96E-01  3.34E+00 7.21E+01 0.00E+00

F15 Bohachevsky BOA 1.26E+01  6.20E+01 5.03E+02 1.92E-13
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SSA 3.19E+03 4.66E+03 6.54E+04 2.87E-09 SSA 3326400 3.52E+01 7.32E+02 1.36E-12
SFLA  1.07E+04 1.83E+04 4.87E+04 6.05E+02 SFLA 3.73E+01  8.70E+01 2.53E+02 6.17E-02
SCHHO  1.42E+08 1.60E+09 2.23E+10 1.25E-05 SCHHO  2.62E+03 3.36E+04 4.74E+05 5.61E-213
HHO  6.71E+07 1.39E+09 3.11E+10 9.05E-03 HHO 1.39E+03  2.17E+04 4.47E+05 1.03E-101
BOA 8.23E+07 1.13E+09 2.23E+10 2.89E+01 BOA 6.11E403  3.97E+04 4.43E+05 1.48E-11
F16 Rotated hyper—
F4 Rosenbrock’s GWO  177E+08 1.89E+09 2.81E+10 2.71E+01 o CWO 4.04E+03  3.13E+04 4.54E+05 1.09E-27
WOA  1.38E+08 1.52E+09 2.25E+10 2.78E+01 ellipsoid WOA 3.86E+03 3.23E+04 3.91E+05 1.84E-80
SSA 1.68E+07  6.30E+07 1.32E+09 7.18E+00 SSA 1.29E+04  1.56E+04 1.66E+05 1.61E+02
SFLA  1.55E+01 2.16E+01 8.78E+01 4.66E+00 SFLA 247E+04  7.21E+04 3.15E+05 3.49E+02
SCHHO  4.80E+01 5.14E+02 6.31E+03 0.00E+00 SCHHO  5.43E-01 8.50E+00 1.39E+02 1.05E-216
HHO  1.77E+01 297E+02 6.62E+03 0.00E+00 HHO 426E-01 823E+00 1.82E+02 6.78E-106
BOA  2.04E+02 7.03E+02 6.38E+03 1.42F-13 BOA 3.87E+00 1.88E+01 1.61E+02 1.01E-11
F5 Rastrigin’s CWO  873E+01 4.66E+02 6.81E+03 3.38E+00|  F17 Sphere CWO 1.60E+00  1.28E+01 2.00E+02 3.92E-29
WOA  6.93E+01 4.90E+02 6.73E+03 0.00E+00 WOA 2.67E+00  3.94E+01 1.96E+02 6.19E-83
SSA 1L14E+02  1.09E+02 5.57E+02 2.09E+01 SSA 8.85E+00 1.04E+01 6.20E+01 9.27E-11
SFLA  2.90E+06 1.76E+07 1.92E+08 2.51E+03 SFLA 4358400 7.17E+00 6.17E+01 8.18E—01
SCHHO  5.14E+08 6.50E+09 9.16E+10 5.75E-237 SCHHO  4.75E+01 6.23E+02 1.04E+04 3.42E-223
HHO 435408 7.13E+09 1.48E+11 4.11E-99 HHO 2.96E+01 5311402 1.15E+04 4.241-106
Fo High Conditioned~ POY 525408 597E409 LOIEI1 1L72E-11 BOA 1676402 9.21E+02 8.55E+03 1.20E-11
o GWO  4.16E+08 4.24E+09 6.22E+10 4.79E-23 || F18 Sum squares GWO 789E+01  5.64E+02 8.18E+03 3.99E-28
Elliptic WOA 131E+09  1.04E+10 1.31E+11 2.58E-71 WOA 7I3E+01  6.66E+02 9.54E+03 8.69E-76
SSA 1.40E+08  2.49E+08 3.78E+09 1.02E+07 SSA 431E+02  4.93E+02 3.35E+03 4.59E+00
SFLA  6.28E+00 3.19E+00 2.06E+01 4.93E+00 SFLA LO9E+02  3.76E+02 4.72E+03 1.70E+01
SCHHO  1.62E+02 2.20E+03 4.68E+06 5.85E-214 SCHHO  6.01E+01 7.09E+02 1.23E+04 6.61E-201
HHO  1.09E+04 2.38E+05 5.33E+06 2.34E-81 HHO 221E+01  4.58E+02 1.03E+04 4.34E-102
BOA 7.A7E+02  4.36E+03 1.47E+05 8.76E-12 BOA 1415402 8.46E+02 8.20E+03 9.55E-12
F7 Discus CWO  3.41E+03 7.03E+04 2.16E+06 6.58E-28 |  F19 Powell GWO 9.60E+01  7.29E+02 1.15E+04 9.41E—06
WOA  479E+03 9.64E+04 2.16E+06 2.06E-83 WOA 938E+01 8.41E+02 1.33E+04 1.71E-16
SSA 9.16E+03  8.09E+04 2.14E+06 1.36E+03 SSA 2.43E+02  3.23E+02 3.17E+03 1.60E+00
SFLA  9.55E+06 5.50E+07 5.37E+08 2.71E+00 SFLA 1136402 3.54E+02 4.53E+03 9.69E+00
SCHHO  1.07E-02 5.11E-02 6.71E-01 3.96E-03 SCHHO  822E-02 8.20E-01 1.04E+01 3.78E-08
HHO  1.88E-02 2.66E-02 3.67E-01 8.48E-03 HHO 1.73E-02  9.15E-02 8.09E-01 1.52E-04
BOA  5.40E-02 6.41E-02 6.59E-01 3.09E-02 BOA 735E-01  2.50E+00 1.95E+01 2.35E-01
F8 HGBat CWO  4.06E-02 6.67E-02 5.38E-01 7.83E-03 F20 Booth GWO 5.62E-02  8.18E-01 1.59E+01 9.89E-08
WOA  8.03E-03 4.17E-02 6.46E-01 1.57E-03 WOA 1.36E-01 1.04E+00 1.23E+01 3.41E-04
SSA 1.88E-02 2.27E-02 1.85E-01 4.44E-03 SSA 6.32E-03 7.81E-02 1.24E+00 3.63E-14
SFLA  3.64E+00 2.80E+00 2.76E+01 3.00E+00 SFLA 5.24E-02  3.06E-01 2.34E+00 1.14E-04
SCHHO — -6.23E+00 2.26E+00 -5.17E-01 —1.02E+01 SCHHO  3.44E-04 5.68E-03 1.17E-01 3.63E-238
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Table 3 Expression of fusion evaluation indicators
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Table 4 Objective evaluation indicators for each fusion algorithm (group a,b)
R4 BRHEEZEEZVITEMIEIR(abdE)
(a)dl (b2
Ei=tan ASCRE Ty k2007 PO ASCRGTr SCEk[20]057 L Bk}
Dual-PCNN Dual-PCNN DWT
S % PCNN S % PCNN
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Table 5 Objective evaluation indicators for each fusion algorithm (group c,d)
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L5 FE (result) 60.1496  39.1399 569420 314457 364987 583762  41.3988 552991 544246 349384
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