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Abstract; A multi-modal image registration algorithm under the framework of P system was proposed
by combining the parallel property of membrane computing with Differential Evolution (DE) algo-
rithm, which was named as DE-MCIR (Differential Evolution-Multi-modal Computing Image Registra-
tion) algorithm. A cell-like P system of membrane structure was designed, and each object in mem-
branes represented a group of transform parameters of floated images. All objects of each elementary
membranes were evolved by modified DE algorithm. At the same time, the designed two exchange
rules were used to update the best parameters. Finally, the global optimal object was stored in the
skin membrane. The approach was tested on satellite images and infrared and visual images . For the
experiment of satellite images, the average mutual information of DE-MCIR is 1. 4306, and the stand-

ard deviation is 0. 00341; For the experiment of multi-modal satellite images, the average mutual in-
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formation of DE-MCIR is 0. 0402, and the standard deviation is 0. 00016; For the experiment of multi-

modal real images, the average mutual information of DE-MCIR is 0. 0125, and the standard deviation

i1s 0. 00187. These results reveal that DE-MCIR algorithm has better registration accuracy, global con-

vergence, and robustness, and its performance is better than that of the Genetic Algorithm, Particle

Swarm Algorithm(PSO) and PSO Powell algorithm.

Key words: differential evolution algorithm; membrane computing; multi-modal image registration;

transformation parameters; P systems
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Fig. 1  Membrane structure of designed cell-like P

system
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membranes
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Tab. 2 Comparison results of above-mentioned algorithms on experiment A
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Run=2 0.392 156 86 1.176 470 58 0.235 294 11 0.011 960 78 1. 377 922 67
Run=3 0.392 156 86 0.549 019 60 0.078 431 37 0.005 686 27 1. 415 367 50
Run=14 0.549 019 60 0.235 294 11 0.235 294 11 0.016 274 51 1. 380 377 09
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Max 0.862 745 09 1. 176 470 58 0.235 294 11 0.016 274 51 1. 415 367 50
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Mean 0.549 019 60 0.643 137 25 0.203 921 56 0.009 058 82 1.392 183 84
STD 0.192 116 84 0.377 775 51 0.070 151 15 0. 005 345 43 0.015 162 43
PSO Run=1 0.935 988 73 1.176 674 53 0.046 015 98 0.013 495 29 1.418 850 73
Run=2 0.935 090 41 1. 452 565 53 0.079 103 59 0.004 191 56 1. 433 548 69
Run=3 0.279 020 51 0.826 598 72 0.011 868 82 0.005 410 55 1. 420 294 85
Run=14 0.711 632 96 1. 479 229 66 0.009 932 9 0.003 335 25 1. 433 548 69
Run=5 1. 189 932 46 0.529 331 54 0.111 767 04 0.013 184 32 1. 379 989 20
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Fig. 7 Results of registration by using above-mentioned four algorithms are executed in experimental data A
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Fig. 8 Results of registration by using above-mentioned four algorithms in experimental data B
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Fig. 9 Results of registration by using above-mentioned four algorithms in experimental data C
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Tab. 3 Comparison results of above-mentioned algorithms in experiment B

GA PSO PSO&POWELL DE-MCIR
Run=1 0.026 930 25 0.012 812 341 0.025 233 18 0.040 280 40
Run=2 0.036 600 62 0.040 072 984 0.014 287 00 0.040 133 46
Run=3 0.039 544 37 0.014 745 668 0. 009 377 34 0.040 031 67
Run=14 0.038 082 04 0.040 072 984 0.031 160 08 0.040 471 29
Run=5 0. 040 380 00 0.040 539 471 0.008 632 56 0.040 158 36
Min 0.026 930 25 0.012 812 341 0.008 632 56 0. 040 031 67
Max 0. 040 380 00 0.040 539 471 0.031 160 08 0.040 471 29
Mean 0.036 307 46 0.029 648 69 0.017 738 03 0.040 215 04
STD 0.005 436 69 0.014 504 341 0.010 013 10 0.000 168 39
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Tab.4 Comparison results of above-mentioned algorithms in experiment C
GA PSO PSO& POWELL DE-MCIR

Run= 0.005 890 31 0.002 909 514 0.009 112 67 0.014 796 45
Run=2 0.002 330 39 0. 004 807 648 0. 008 803 10 0.014 203 3
Run=3 0.006 618 03 0.006 847 893 0. 004 109 69 0.010 523 19
Run=14 0.008 354 31 0. 004 892 305 0.007 547 03 0.011 414 87
Run=5 0.001 067 74 0.009 877 76 0. 005 023 07 0.011 600 34
Min 0.008 354 31 0.009 877 76 0.009 112 67 0.014 796 45
Max 0.001 067 74 0.002 909 514 0.004 109 69 0.010 523 19
Mean 0.004 852 16 0.005 867 021 2 0.006 919 11 0.012 507 63
STD 0.003 047 22 0.002 639 48 0.002 249 62 0.001 875 45
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