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Abstract
images of the same scene, an automatic registration algorithm based on optimal mapping of edges in multi-scale space

To aim at the difficulties in extracting and matching of corresponding features between infrared and visible

is proposed. In the scale space from coarse to fine, the affine model and projective model are selected as the spatial
transformation models between unregistered images and references images, respectively. At each scale layer, edge structures
in both images are first extracted using phase congruency method, then the extracted binary edges of the unregistered
image are mapped onto the strength edge map of the reference image based on the corresponding transformation model,
and then the parallel genetic algorithm is used to search for a set of global optimal model parameters, which maximizes
the structure similarity measure between the two images. After optimization at each scale, the global optimal model
parameters are locally refined using Powell algorithm. The experimental results show that the proposed algorithm can
take advantage of visual similar structures between images and realize automatic registration of infrared and visible images

efficiently.
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Fig.3 Test images of the first scene
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Fig.4 Test images of the second scene
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(c) Infrared image (The size and display ratio
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respectively.)

(d) TH (c) ML E
(d) Edge strength map of (c)

(e) TH (d) M—fHALEZ
(e) Binary image of (d)
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Fig.5 Test images of the third scene
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(e) Wt 2 G E kR
(e) Overlapping of images of the second

scene
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(e) Overlapping of images of the third

scene

K6 Mokgii
Fig.6 Registration results



578 H | 1k

F {4

38 %

1 m
= _— ‘—/»2 ‘_/‘2
RMSE Jﬂlglmg )2+ (g —y)?  (16)

A, m ATEHI RN, v,y WSFHEBTE A
P R ARAR, 2, yl R RFRCHERMR T AT @ AN
AR FREE 2% 0] A8 80 J TR A A

A SCHR [15] RIAS SCEVE 73 IR = AN 5e i 20
A5 T WO G AT IE Ve, ICHE 45 R B 2 H
X2 P, MARE 2 MBI SE, v RUEE A (1) ¥
Ay FCE BAG b (R  ) s AR AR LS 2 2 2% E R F AR
Ja AR (16) P& AR s 132 22 (I HY
m = 1), TH e R s i 7 Pros. BF
VLI BCHER ZE X L g5 A T 3 2.

M 7 FIZ 3 BSR4 nT LU H 6T 1) A
M3 1 MR ER, PRI ESS IS T B S5
BOR, BT ) R ZE A 2 MR R DA, H
HSCHR [15] J7VABCAERS R . LK R s 5 45
M EZEREAE T 1 a5 a] WG 5
P o — A AR . X T E M E T
50 2 WAREMG, Ak HER B . 535
1 BysRse g RAHLE, T T4, SClk [15] &
5 BB RS BE 52 2] T ORI, B 221 1
0.98. FHLLZ T, BARAN ST L M ECHE D 22 A 1S n
(ARMSE = 0.29), {H52H0 % (TP &N X T
SR ae 3 MK EMR, STk [15] 77 H B 1 3
ficvE (RMSE > 11), 11 M= A PH 5 A A me
SR ZERT 10, FLrR 28 10 AN 6 5 i b 58 2= 4
o7 200 AHEEZ R, ARSCHEIERRCHE R ZE RN, R

I PE R BURR ZE LR 1, R BRRZE R 2.6.
SCHR [15] s IR O HE ) R RIAE T 5 3 st
BUR TS s 52 2 HAS A R M 75 4, KB B R e
BEEGTAE T RRERIA SR (WIS L 59
NI L), $946 T G F T IR SR S5 8.
AR SCAL FH SRR 1 AT 2 A1 I BF Pk IR 30 Sk 45 1)
WEATICHE, A B uERR T BRI A —SUE BT
P, W T H bR R AUE IR, B E R g5t 1
SEILLL AN 5 0] DG G A . =AM 50l
I BRI S0 25 R, A SCRIEAUAE ] 5.7 53¢
PG 1 T T LA 2 v I TR 32, i HL > R =2
EH|PRE S B 7 WAL eSS A i W s A 2
B S BT A0 5 AT DG R i, HLR A R
(1 R A

TEVH S 2 BE 5 T, AR SCEEFN TR [15]) 8
(TSI F EAFE WA T R AR IR S 45
Do, FERFAESEE Y, A SCAE ARG, — BB AL 5
SR T 3CHR [15]) P RR ER AT, DL R sEEG
PR A 18], AR B 56 1 — MR PRV AR R B U~ 2
FEWS R 0.3 F0, 1M SCHk [15] I P YIFERMCA 0.05 755
HESHCITT I, ARSI SCHER [15] MR T 5K
IR R R A AL L, BRIV 5 A s AR G
B, ST AR I DR S A AR P
H o AMRECH DLW FE SRS R A [ 1) 52 56 1 455
ARAL T BN, A ORISR [15]) Bykde Fuat
T e v S8R R B Y, LA BT = 4137 50
BUG B, A SCERVEFISCHER [15] SE 5SS H Sk
(T PAT I ) 43530 Ky 471 FBAIT 453 Fh. A SCsesh
(R R385 4 Intel Core i3 2.4 GHz 4P %%, 2 GB
WAE, FEPIZAT IS Matlab 7.8.

*2 HMSHHTLR

Table 2 Results of model parameters

P1 P2 P4 Ps Ps pr Ps
- N AJFFE 11900 —0.0300  —11.0000 0.0200 1.2000  —50.0000  —0.0001 0.0000
B 1 ik 15] 75 JREkitk  1.1892  —0.0260  —11.3520 0.0187 1.1986  —50.7807  —0.0001 0.0000
- o AR5 1.20000 —0.0300  —11.0000 0.0100 1.2100  —51.0000  —0.0001 0.0000
e JAEkEfL 1.1836  —0.0327 —9.8382 0.0078 1.2181  —51.8473  —0.0001 0.0000
o N RSP 09800  —0.1500 16.0000 0.1800 0.9700  —32.0000 0.0000 0.0000
bt 2 Uk [15] 7 JREkREtk  0.9814  —0.1536 15.6702 0.1755 0.9785  —32.2170 0.0000 0.0000
- o RS 0.9800  —0.1500 15.0000 0.1700 0.9700  —32.0000 0.0000 0.0000
Ak JAE kL 0.9787  —0.1511 15.2170 0.1714 0.9622  —31.6559 0.0000 0.0000
o . AR5 1.0800 0.0400 1.0000 0.0000 1.1100 0.0000 0.0002 —0.0002
Bt 3 ik [15] i JREERifL  1.0844 0.0439 1.0848 —0.0010  1.1047 —0.0765 0.0002 —0.0002
- o 2R3 0.9800 0.0500 12.0000 0.0100 0.9700 1.0000 —0.0001 0.0003
Rl JATREfL 0.9804 0.0489 12.6771 0.0125 0.9744 0.8961 —0.0001 0.0003
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Fig.7 Error curves
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Table 3 Comparison of registration errors

SCHR [15] T7ik AT

2RI AR 2RI Rk

Y5t 1 RMSE 1.03 0.73 1.12 0.95
5t 2 RMSE 2.01 1.71 1.45 1.24
Y5 3 RMSE 11.93 11.24 1.89 1.41
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