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Abstract

Remote sensing images are often captured by a variety of sensors at different times and with various
deviation angles. This makes the matching procedure of image pairs be a challenge. To solve this
problem, some algorithms have been proposed to improve this matching. One of the most popular
methods is SURF (Speedup robust features) algorithm, which is somewhat resistant to scale changes,
rotation of images, brightness variation, and noise. In addition, the algorithm is suitable for the image
deviation angles up to 45 degrees. However, the overlap and proximity of the extracted key points in
this algorithm are high and it does not provide a suitable spatial distribution for the key points. This
study is looking for a method that is resistant to the changes of affine transformation parameters. We
use an IMAS (Image matching by affine simulation) simulator environment, which offers a suitable
distribution of key points and can be considered as a solution to more angle differences than SURF. A
morphology filter is used to find the boundaries and the edges with more clarity in the images. To
reveal the key points, the images centers of mass are employed, which address the main direction of
feature points and describe the invariable rotation. In addition, RBRISK (Rotation invariant binary
robust invariant scalable key point) descriptor is employed in the algorithm which is temporally stable.
The results of the experiments show that the proposed method improved the matching rate in satellite
images by about 10% with suitable computational complexity.
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Figure (1): Motion analysis and camera view angle based on affine transform function analysis [14].
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Figure (2): Sampled elements from the tilts space. A set of transform functions with different rotations (around the camera axis) [30]
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Figure (3): Hyperdescriptor formation [30]

VYY)



s> Jeadllgl s = (553l5, 00,8 - LS anbold [ colaiul b g0 5l ioniw pglal gadas

&y Pyl o S g pkz 95N -V -Y
Dy ge ool gla ild ISl pgal elgilS by, 5l m e jsb 4 gandS bl (28L (gl SURF o2 563l 5o
Egomma 9 39 g0 03ls I3 Lol poai o ojol plea b Sy 093 JIST! pgai jo JuSiy jladie (50,51 cansas sl
R IS s j0 JuSly o ke lr @ 5 958 g0 drmslne JuSiy 355 5 JuSy T SVL 5 o slo Sy ples
ol (bl pgai Slodusly plod oS ol JISEN pgad )3 JuSly (i 0mb 5 (r ], &5 5ok 4 aigd o ool
L oey] el oo sols plas JLS0! s (VY) alal, jo

ixly

I(X) = i:ZO jgo I(i, J) Ov)
sl b alats 31 ooliztal b 15(X) IS5l 95 a5 5T 51 s sl gy b Sy Slaizen (XY) «639y5 y29 |
Sodlisal s orra & [VY] 0900 gl il o oo Sz b Jebiios (19,0 slodusy gomme bd (n pslas
Sl 0als ooliiwl a5l galdS bla (g5l IKGT (gl 09d oo s ]38 Cge Ldatuss JISI 5 g8
Slr el adin (e le Gliaes &5l GlaplSe 0SS5 ol lalsle il ST a5 55k«
39 g0 <, (V) abaly & ja0as 0 oliso U X e s ilo d pgar ;o X(X,Y) alass
H = {Lxx (X,0) Lyy(X, 0)]

Lyx (X,0) Lyy(X.0)
25 GesS & p9d asiye e Lyy(X,0) 5 Lig(X, 0) X gz 53 (mssS il p99 o G2io Lix(X, 0) ()] o o5
255 5] s Gialidl gl Lol e aigy oliieLiad 3BT ol CypsS yked 3l ool ool X(XY) dhaii Cog
25 @3l Bl (5l ST sl a5 (50 4 ool g Il (gusS Y (gla ks s 5 (095 S L IS
3oLy sl s Jolss (s3gee 311, (88l zolaw 4o 95 Liy sl 5 03505 JOli5 as o 50 1) (88l zolaw Lux X j9ome S
ol il e ey s oo 3 i LB 5 yho 6 nS1 Ll gy g se o3l SOl cogas o 4y
Jsl sbST Jlo (sl ul oo sy Jol ST (5285 15 50 b calieo (sla b jo (slamezr sl ilid gl ategy (o ile
Y 50 Y oogaze S 4Y o 0 g bla des glp aslio pl casl cod ploxil pows g 090 9 Jol Yl (glanslis
wstlae Al lgie ay il 255 o/ T alinl 5 Koo Sy V8 5l LSty (51090 plomil Sy Y8 4y 5 Loy
g 50 dline Ay (§0AS alali Az 0 0gdi o0 i8S A o

)

polio pdy o (229995 GualS blE S hnogi —Y-Y
§ oelS bl gl il al> s, BRISK )50 sl BRISK i oSl (/S s i 5 e oo ys51 51
LSy (gloalinl L AGAST atss sl ISiT oliie slisd 5l Y o 0 fend A oy Loliie glid glaasy S slows
a8 S Gl 0 S VP oply S ).>|P‘$g~l;¢i‘;9) Sad b 655 e JeSy Glgie a4 Pakads (F) S j0 0gd o0 Jlesd
L P 635 pe i o Syt 455,55 3 s ol olpie & il a5 g it S T ol 5] 5
1 o GLbl S V7 Ll S5 P b 51 0gd o ololid s bl 5 duglio sile 3l (gla LuSey 51 slalayails
aegezme 1) T dy g LBl Sy, 9 alie oy Sl ¥ Wl oo (65U o JunSn b JuSoy 5o alal) a5 03,5 0033
@ axg b ol ,0 g 09 ools gl 0aisS gamailb 66Xl dw & yg04 g s Pgsimilar) g Po(bright) 5 Pa(dark)
ke 51t bl ke o)l 4 Jlste s Ty olidiy, Sod oo 058 lulid aiigS Slsie 4 gyl ailil

AYA)



WAV R N F 0l faw 5 Cuads o)lod fooplis Jlo /G oo ;0 Jiadigd sl oy, 4 pid

ol @ Slilil pl 0gd go i pa5 (55lckel ouel st (oS bli (sl g bl 51eS byt Pi (655 50 JuSly (ol
il i 655 o Sy oDy wli] i ggame 51 Glialidis, i a5 Jlgie slo Sy 45 55 o dslins &5
Szl 5 o oedioe 38,5 Sl 3 anlS bl jletel plsis 4 pez 0o L) e G 09500 65 655 10 2l
29me (§0lS B 4 Cord (6568 jleal syl a5 (alS bl Sl s ol cpgal (wlike sLaS (55, 52 AGAST oy ,55l
bl plgie 4 it oS bl uliie slad Jlgie a0 4w j0 a5 1) (BUE G 5 Wigd oo Bl cdilen 395
By olbe Sooliie s a4y S polie (0I5 (abali 2 (sl Wgd oo (e lie et A S polie G0lS
S Glamiao 55y 99 4z, Sove Sl aS Sjse ol Ay 098 o0 00) (035 AGAST oy 58I el bl
ool abais ) L JBlie AGAST o581 (go5es jomo 5 T oy Slsie 0 Y iy o) o] (B jommo
Lre sl sss o (oboyg,yo

AGAST 2y 1551 (calS blis o3I 55 10 055 co oolitil (0) UK 5 suelS blis gz 28L (ly s araslono 31 u
L ol abaii j2 598 4 Sl RS (rizmen 5 )l paiges 2l I Jol> (S8 S5 51 6555l (6l 5 ol
05 glmopls 5 sl P o] Slatien g sl oS (gl ptiges bl ol bl 0gdce j2ld cwsS 08 oml il S,
55 Gl o3Il b 0t il 5,50 1, e CBlpouil 03l el alais T Uy ,Blie 0 wsS il lxe Sl ol o5l
et 6y 0lS Bl GLLI la Sy dod b 95 o o S5 ol il azils Sligses on b oS jsle alais
aais e a5 1y oI ol 3500 5 00,5 55 eobeiio (glb 3l o] sty olidie gy b 1y 55U 5, 515 ool 550 S
wigdion dmmlne (V) (o )85 &y90a 5 (PirP)) alaii 99 (s (oo (Lol 05800 o0ls JUiil (Lol g )5 su:lS
(Pi -Pj) I(Pj . j)-1(Pi , o)

IP-Rill?

Olime peai jo Lol S aws Pig Pi bls jo owsS 8 Looals pld Slidg, oliw 1(Pio) 5 I(PI, o) ol o a8
D9 g0 ;15 (V0) O ygods | A dcgors g ol olidg, Ol sy

A:{(Pi,Pj)eRZXR2|i<N/\j<i/\i,jeN} ()

g(Piij): QhD)

abal) Gllae JS5 580l (10 L g5 JS sl o o sl 093 50 L w5 38,5 1 59 (g | bl 795 ple asgecne ol
ol bl 795 JS olaws F g 6501 blas slaas N o 0 a8 w1 co cawsas (V#)

[¥Y] oolidio i ol 50 poliio Sl SS9 (63l 5T alimwg 41 s bl (g3l ST :(F) U
Figure (4): Detecting key points by detecting features resistant to scaling [33]
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Figure (5): The pattern used in the robust scalable binary key points algorithm to estimate the direction of key points. Blue points and red
circular patterns, corresponding Gaussian standard deviation of the sampled points [34]
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Figure (6): Block diagram of the proposed method
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Table (1): Four types of images used in this research
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Figure (7): Images used in this study, (a), (b) Pair of satellite-satellite images., (c), (d) Pair of satellite-aerial images, (), (f) Pair of Satellite-
SAR Images, (9), (h) Pair of Satellite- satellite with angle difference of 70 degrees’ images.
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Table (2): Implementation of the proposed method
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Figure (8): An example of image matching images, a) Matching satellite-satellite images, b) Adaptation in satellite-satellite images with an
angle of 70 degrees, c) Adaptation in aerial-satellite images, d) Adaptation in SAR satellite images
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Figure (9): Image matching methods in two environments, a) Comparison of image matching methods in IMAS environment, b) Comparison
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