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Fig. 1. Logistic chaotic sequence (u = 4).
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Fig. 2. The flow chart of image registration.
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Fig. 3. An illustration of the regional information:
(a) column vector representation of the information in
a 3 x 3 image region; (b) column vector representa-
tion of the corresponding regional information in two

registered images.
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Table 1. Comparison of optimization results of several test functions for various algorithms.

BRAL R Vi V2 V3 V4 Vs HiE Ji %
PSO/0.8 3.91x10732  1.4x10726  8.35x10732 5.49x10731  5.65x10736 2.80x10727 6.27x10727
Sphere QPSO  9.87x107% 1.76x1079% 1.29x107103 1.77x1079% 2.27x1076% 1.98x107°%6 4.42x10-56
CQPSO  4.39x10799 5.65%x10785 7.78x107192 4.36x107 101 2.39x10- 101 1.13x1078% 2.53x10~%°

PS0/0.2 102.18 86.46 135.98 118.32 121.04 112.8 18.99
Rosenbrock  QPSO 5.99 6.709 5.759 5.15 6.67 6.06 0.64
CQPSO 5.49 5.15 4.72 4.420 5.81 5.12 0.56

PS0O/0.8 45.77 43.56 41.97 37.09 69.91 47.66 12.84
Rastrigrin =~ QPSO 1.99 3.98 6.96 5.97 2.98 4.38 2.06
CQPSO 0.99 0.99 6.96 2.98 3.98 3.18 2.47

PSO/0.8 4.44x10~' 553x10712  4.33x1072  541x10~'1  342x10710 9.6x10~10  1.89x107?

Ackley QPSO  3.91x10~1  4.16x10~7 2.94x10~7  3.55x10~15  1.51x10"°  3.15x10~% 6.66x10°6
CQPSO  1.93x1079 7.11x1071% 3.55%x10715 67510714 7.11x1071% 3.86x10~10 8.63x10~10
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M 22 35 BB & TR AR /N 1100 x 720
X3k, Hik i — B EUEE v S E B, W
Bl 4 (a) BT, N T 56 E B FE 22 5 R B OR /I
X e AE 45 R RE e, K 2 D BB /N 4 1, 1R
MEBELR, — N 5SFEG R EBAEE, WA
TH AT FF AR 490 x 330 K/ B e 10° 73
F540 x 441 FAFECAERIE 1, W 4 (b) Bros. 55—
M52 UGB R, FEEEL 460 x 300 1T &

B4 ARDPERNSH BRI HER

(a) ZEEME; (b) FFECHEEIE 1; (c) FrlcHERI A 2

Fig. 4. Reference image and sensed images with different resolutions: (a) reference image; (b) sensed image 1;

(c) sensed image 2.
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Fig. 5. The mosaic image for two registered images

with the same gray scale but different resolutions.
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Fig. 6. (color online) RMI during optimization ver-

sus number of iteration (images registration with the

same gray scale but different resolutions).
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Table 2. Comparison of registration results for images with the same gray scale but different resolutions.

R ai by c1 as by ca RMSE RMI t/s
HS 0 1.9696  0.3473  —168.9054  —0.3473  1.9696  28.9286 — 3.4150 —
SIFT  1.9680  0.3473  —167.6506  —0.3477  1.9694  29.2325  0.6365  3.1485 8
SRP  1.9693  0.3475  —168.9721  —0.3464  1.9704  27.9300  0.4297  3.3760 1130
SRQ  1.9695  0.3471  —169.1963  —0.3474  1.9700  28.2731  0.4175  3.3912 490
SRC  1.9699  0.3475  —169.4008  —0.3476  1.9694  28.6003  0.4174  3.3932 988

BT ASIE) 73 4 A (R A RE ) PR B R BBk 7 LT 14

(a) SIFT; (b) SRP; (c) SRQ; (d) SRC

Fig. 7. Joint histograms of registered images with the same gray scale but different resolutions: (a) SIFT;

(b) SRP; (c) SRQ; (d) SRC.

R IR 43 A % 2 5 B P R o 52
T

Pl 8 DAy DY Avfr I 7HE 557925 445 31 0 TG 14 8 O 4 R )
N TR R R, RBI T A SR E
I, AR A O AE BROR 465 S5 RN R E
T H S X8 CEAS B EHR AL ARG A (1, 1) 3
(600, 920]. MIZ 8 (a) AT LABH B ) STFT Fo ik iz

5.2.1.2

ZRR, WES (b) B4 LLE H SRP (iR Z H
bR, B8 (c) EE& XM Ll St i A #a —
eI A s, B8 (d) RAEEXRW AL RS
B . B8 RME RS K2 RMSE )45 3
&8, SIFT i) RMSE #id 1 22 M§ &, SRP
) RMSE X3 T 13/1M4 %, SRCH RMSE f/)>.
B9 R = Fh RSS20 X 38 BLAE B REIE A IR

K8 AR HRAKEERNEGECAERRLZRE  (a) SIFT; (b) SRP; (¢) SRQ; (d) SRC

Fig. 8. The mosaic image for two registered images with different gray scales and different resolutions:

(a) SIFT; (b) SRP; (c) SRQ; (d) SRC.

3 NG A DL 2 S ) FMR  vH  2R EA

Table 3. Comparison of registration results for images with different gray scales and different resolutions.

R a1 by c1 as b ca RMSE RMI t/s
HS 19696  0.3473  —158.6448  —0.3473  1.9696  27.1194 — 0.3014  —
SIFT  1.9582  0.3502  —159.2100  —0.3494  1.8696  70.6200  22.4410  0.1597 8

SRP  1.9258  0.3500  —145.5100  —0.3300  2.0000  22.0000 13.6780  0.2684 425
SRQ  1.9990  0.3300  —166.8500  —0.3487  1.9590  31.4200 9.0906 0.2834 406
SRC  2.0000 0.3386  —161.7300  —0.3372  1.9690 25.15 4521500  0.2906 705
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Fig. 9. (color online) RMI during optimization ver-

0 10 20 60

sus number of iteration (image registration for images

with different gray scales and different resolutions).
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Fig. 10.

(c) mosaic image.
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Images at different phases and the registration result: (a) reference image; (b) sensed image;

F 4 IR PR AR S

Table 4. Comparison of registration results for images at different phases.

GAZS ay b1 c1 as b2 c2 RMI t/s
SIFT 0.8702 0.5002 —188.2969 —0.4996 0.8676 275.843 4.1100 10
SRP 0.8702 0.5002 —188.2968 —0.4996 0.8676 275.846 4.1143 97
SRQ 0.8702 0.5002 —188.2968 —0.4996 0.8676 275.846 4.1143 91
SRC 0.8705 0.5009 —189.0080 —0.5008 0.8690 276.704 5.3940 344
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Fig. 11. (color online) RM1I during optimization ver-
sus number of iteration (image registration at different

phases).
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Multi-source remote sensing image registration based on
scale-invariant feature transform and optimization of
regional mutual information®
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Abstract

In order to further improve the precision of remote sensing image registration, we propose a new registration scheme
by combining the scale-invariant feature transform (SIF'T) and the optimization of regional mutual information in this
paper. Firstly, taking advantage of the randomness and ergodicity of chaotic sequence, we present a new chaos quantum-
behaved particle swarm optimization (CQPSO) algorithm to solve the premature convergence problem of the quantum
particle swarm optimization (QPSO) algorithm. By taking full account of the quantity differences among the values of
different dimensions for the particle location information, small disturbances are generated as the Hadamard product of
chaotic sequence and the particle location information. Before being added to the particle location information, the small
disturbances are adjusted by an evolutionary parameter to ensure that each new particle location information is within
the scope of reasonable evolution. The image registration scheme consists of two processes, namely the pre-registration
process and fine coregistration process. The pre-registration process is implemented by the SIFT approach with a reliable
outlier removal procedure. By the repetitive fine-tuning of several selected matched feature point coordinates, a series
of registration parameters is estimated by a least square method and used to construct initial particle swarms. Next,
the fine coregistration process is implemented to obtain the optimal match parameters by maximizing regional mutual
information based on CQPSO. The proposed CQPSO algorithm is tested on several benchmark functions and compared
with QPSO as well as standard PSO experimentally. Furthermore, comparative experiments are carried out on the
registration of remote sensing images with different ground resolutions and the registration of remote sensing images at
different phases by using four algorithms: the SIFT algorithm, SIFT combined with PSO algorithm, SIFT combined
with QPSO algorithm, and SIFT combined with CQPSO algorithm. The regional mutual information, root mean square
error, and the joint histogram are used to evaluate the performance of the algorithms. The experimental results verify

the superiority of CQPSO and the effectiveness of the proposed registration scheme.

Keywords: remote sensing image registration, regional mutual information, chaos quantum-behaved

particle swarm optimization, scale-invariant feature transform

PACS: 42.30.Va, 42.68.Wt, 05.45.Gg, 42.30.Kq DOI: 10.7498/aps.64.124204
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