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Abstract

Matching remote sensing images is a fundamental step in many image processing applications. Unlike
regular images, remote sensing images often undergo complex and nonlinear background changes,
making them difficult to match. They also pose challenges such as scale variations, rotation, and
different viewing angles. One commonly used method for finding corresponding points between images
is the Scale-Invariant Feature Transform (SIFT) algorithm; however, it often produces many incorrect
matches when applied to such data. In contrast, deep learning-based approaches can extract and
compare medium and high-level features for more accurate matching. Inspired by these advances, this
work introduces a method that combines the SIFT algorithm with a Siamese deep neural network to
improve the matching of remote sensing images.

The proposed method modifies the conventional SIFT by adjusting its parameters to increase the
proportion of correct to incorrect correspondences. After keypoints are extracted and described, initial
correspondences are established. Then, for each matched point, a local patch is extracted based on the
keypoint’s position, scale, and orientation. These patch pairs are input to a trained Siamese network
that estimates the probability of a correct match. Matches with confidence below a threshold are
rejected. This hybrid approach leverages the strengths of both traditional and deep learning-based
techniques to enhance accuracy. The proposed approach introduces several key innovations, including
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optimized keypoint extraction to maximize true matches, patch-based feature representation aligned
with local image geometry, and a neural network-based verification step to suppress incorrect matches.
Based on experiments conducted on a dataset of 35 pairs of remote sensing images, and comparing the
results with the SIFT algorithm and deep learning-based methods, the proposed approach achieved an
accuracy of 0.849 by reducing false matches and increasing correct ones.

Keywords: Image Matching, Remote Sensing, SITF Algorithm, Deep Learning, Siamese Convolutional

Neural Networks.
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(Figure-1): Siamese convolutional network structure for
image matching [15].
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(Figure-2): Process of the proposed method for matching of
remote sensing images
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(Figure-3): Image patches around two keypoints of the reference
image along with the closest keypoints of the target image
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neighborhood radius around one of the pairs of corresponding
points detected by SIFT algorithm


http://jsdp.rcisp.ac.ir/article-1-1415-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

slaple; a4 bgs e ccalizes gldodiziw | oolainl b as
(sheme bull gll walise e ulid (glate
aile helse S8l cod 5 cokS 5 gty 0 Dol
byl Gl pedass o SIFT (o 5681 byl (o 2
PYEPRI LU RS P00 I PR O K U R TN PEPLES A
Syl )y LSTFT 2y oI (S 4y g 00 ool 33901
Spe ol By Sl Jol mli wadpalas
laghy) 5l oyee Wiz b gl cnl g osls 18 b))

9o dumlie y935l i nslad Belas

lBgs Al b3, 9 phjgel —)-F
V) IS 50 glige Al (glp oadoslaiul IS Lslu
gl a4 bawe silae JUIS g0 ol ooy olis
slaShy o sl plSy L Sy @Blgye b Sy
WS oo zlmnl GlElas 1) bagog,g 5l plas o 4 Loy e
- P(22) - C(64,7,]1) &jgods wiga axls oyl
C(256.,5,1) - C(128,5,1) - C(128,5,1) - C(128,5,1)
LY tamonlis Cijk) a5 cwl C(256,5,1) -
gk JUK olass g jxj olal b Vb 1 olows 4y Slglgils
3 jxj olul L Max-Pooling &Y S sasws;Llis P(j,8)
Ol GpSoilul a4 bape Cwond o ol s pl8
Concatenate 4¥Y o 5l oolecwl L ol wcwlis
oolatul b .08 oo )18 po LS calizl el sla S5
F(n) & F(1) 5 F(512) Jaie sl by
el (29 L Jate slas &Y SO bamslis
plos &Y (3T sy 05 o0 ol aSd e (2o
& 51 Jie plas 5 SbgIgS &Y o 51 e i
oslatw! batch-normalization &Y ¢ ReLU (g;lw Jlad
Sl s mb 5l Jeate pled &Y 3T 50 casloas
Jzl gy ;0 a5 Cawloads oolatul sigmoid
Se b e m goie Ojgon 1) bagsgyy g bl
S (g0 35
WO aeS i u 0 oS aiSles
)l U555 pgbas 5l ool b (oS50l pslasasgerns
ryad GloaSs polai nl 5l Ceslead gyslaex
Vol xV o olal 4 Coledyo g 0ad o0 zlypel Hblis
L isbie ool ol e &Sud 5355 olyiea
cax Sl TV slass oalig sl pgla 3l colaiul
2 il ) erSelr Heliea Bl psal 4SS
ol a5 288 18 oslitul 590 aSD (g0l anl
S e e T7 g Giisel lp e YAT olaw
Sabolen samloas oolaiwl bigel ail,d sy Al
Si9el sladiges bl (gl ol aaS A idu yo a5
S e obar Sl b ble
solp vgdee Jooo Blie slaases Gl oglite

Cople @y azgi b S0 (ggm 3l 090 ploxl (ol 4y l8g
oba ) lgld Call b (g 0gzg g 905l o gl
Sgdisn ge «pglal ;5 0igl ST sla iy (rizren g
2olal g a5 bl e polaiaSs b il (gl 5o
Oy g Al Al 0g2g g0k calids cslouss sl 5

el 5lB0 A 335 Bgal pilinne calio B0 4

il

P oas S S .. :' T - ~
S 4l S0 4y gy o gl jl diged iz (P JS)

(Figure-6): Some examples of images related to an urban area
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(Figure-8): Average accuracy during training process of
Siamese network
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(Figure-12): The results of applying the proposed method and
two other methods to remote sensing images of a desert area
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two other methods to remote sensing images of an urban area
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(Figure-15): The results obtained in the case of no rotation
and no scale changes
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(Figure-16): The results obtained after applying 20 degrees
of rotation
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(Figure-17): The results obtained when the scale is different
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(Figure-14): The results of applying the proposed method
and two other methods to remote sensing images of a
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(Figure-19): The results of applying the proposed method
and the LightGlue method to remote sensing images with
low rotation and low scale difference
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(Figure-20): The results of applying the proposed method
and the LightGlue method to remote sensing images with
high rotation and large scale difference
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