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Abstract
Image mosaicing refers to stitching two or more images which have overlapping regions to a larger and
more comprehensive image. The image mosaicing process is widely used in scene stabilization, change
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detection, video compression, and image compression. Image mosaicing methods can be divided into two
categories, direct methods and feature-based methods, which feature-based methods are more accurate.
Scale Invariant Feature transform (SIFT) is one of the most common feature-based methods in the
image mosaicing. However, one of the big defects of SIFT algorithm is the large number of duplicate key
points and being time-consuming due to the high dimensions of classical SIFT descriptor. In this paper,
to solve these problems, a new four-step approach for image mosaicing is proposed. At first, Redundant
Keypoint Elimination-SIFT (RKEM-SIFT) algorithm which has been proposed in [1] is used to identify
keypoints of reference and sensed images and to improve the mosaicing process. In the second stage, for
each keypoint of the image, 64-D SIFT descriptor is computed. In this descriptor, unlike the 128-D SIFT
descriptor, a smaller window is used which improves the accuracy of matching and reduces the running
time. In the third stage, the proposed improved RANdom SAmple Consensus (RANSAC) algorithm is
used to determine the adaptive threshold in the RANSAC algorithm to remove the mismatches and to
improve the image mosaicing. Determining the appropriate threshold value in RANSAC is so important;
because if an appropriate value is not chosen for this algorithm, the mismatches are not removed, and
eventually there will be a serious impact on the outcome of the image mosaicing process. In this method,
the threshold value is based on the median value of distances between matching points and their
transformed model. Image blending in the mosaicing process is the final step which blends the pixels
intensity in the overlapped region to avoid seams. The suggested method of blending is to combine the
images based on the average of the data in the overlapped region of two images. The proposed blending
method reduces artifacts in the image for better performance of the mosaicing process. Another
advantage of this proposed method is the possibility to combine more than two images that are suitable
for creating panoramic images. The simulation results of the proposed image mosaicing technique,
which includes the RKEM-SIFT algorithm as feature detector, 64-D SIFT descriptor, proposed adaptive
RANSAC algorithm, and proposed image blending algorithm. The proposed method is implemented on
standard image databases, created image databases, and has been compared with SURF- fast
bidirectional matching, SURF-LM and SIFT-RANSAC methods. The results of the experiments show
the superiority of the proposed method according to the criteria of mean square error and accuracy,
which compared to the best compared method (SURF-fast bidirectional matching) reduces 6.7%
maximum error, 30.09% root mean square error and 37.68% caused the median error.

Keywords: Image mosaicing, Image registration, SIFT.
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(Figure-1): Flowchart of the natural images
mosaicking process
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(Table-1): Evaluation of the 64-D descriptor function in the
RKEM-SIFT algorithm.

Precisi | Mismatch .
Method on rate Times(S)
SIFT-128 D 0.54 0.46 49
RKEM-SIFT-128 D 0.69 031 53
SIFT-64D 0.50 0.50 24
RKEM-SIFT-64 D 0.76 0.24 27
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(Figure-10): matching process, (a) matching by SIFT
algorithm, (b) matching by RKEM-SIFT algorithm [1], (c)
matching by SIFT algorithm, (d) matching by RKEM-SIFT
algorithm [1].
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(Table-2): Evaluation of the proposed RANSAC
method with classical methods.

Method | precision M'i’;tztch SITMMC | SITMMR
RANSAC-

50 [44] 0.708 0.292 0.688 0312
MAR [42] | 0.792 0.208 0.762 0238
Improved
RANSAC | 0.750 0.25 0.714 0.286
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(Figure-11): Average precision matching.

RANSAC iy sl o,5loc  owyp -Y-0

ol Salige wialsd (595 » sOlniny
olgiiny RANSAC o Shee b)) el ciide ol o
Wgly ot b pgad 50 5 Sl ok B> o
gl ml (V) JSE el ond oslital
S ey lbgels 45 was e ol | eddiiis
L clons B> oLzl 4 RANSAC i) L

ilods yastice 3%

(A



http://dx.doi.org/10.52547/jsdp.18.2.147
http://jsdp.rcisp.ac.ir/article-1-1008-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/jsdp.18.2.147 ]

S2ljgo 50 Gkt gy 0,5 os (o) 2 -T-V
5 sdleiing by o8kee gy sln Gialejl cnl 5o
a5 0gboe ooliinl apgly ;ois b pleisle peal mh

el 0 ooy HLlas (VF) S o u;';.%La)'T s

9 SURF gy () « a5 guai Suljgo :(1F- J5C0)
(z) [46] SURF-LM _bg ) (<) d33] gy 48 090 (i

solesiay o9y (9) [47] SIFT-RANSAC g,
(Figure-14): image mosaicing, (a) SURF-fast bidirectional
matching method [33], (b) SURF-LM method [46], (c) SIFT-
RANSAC method [47] (d) the proposed method.

Sy gy odles  wyp -Y-F
b peal Sljge jo golesiny

$ecaS 5 ol s, 958kes (o Gtalejl ol 5o
R s &S el ouls oolaiul aygly ;s b pgai g0

05..»‘50 ounlice (\\H) JS.»J

(@) «J9l 2905 (A) ¢ ormb 9 e Sjg0 (V- JS)
2905 S 35 (3) <[40] gy b 39l S 5 (Z) P9 yguad
-3ty g, b

(Figure-13): image mosaicing, (a) first image, (b)second
image, (c) image blending by method [40], (d) image
blending by proposed method.

30 S oo oanlie (VW) IS5 0 a5 jsblen
Slslegidn g oy [40] oS 5 by b pgeal Soljge
30 aS ouds Aol peal 4 OIS jsbay s oo
ol s, oo o 018 ol 55 e b UK
Kol slagide (> g ool plnil | oS 5 P
&S Cewl oS [40] (hgy dr Cemed (g0lgidan (s, o

el g3leiay by She 0 Sles sarmsplis o

A 2l Vol Ve Jlo A



http://dx.doi.org/10.52547/jsdp.18.2.147
http://jsdp.rcisp.ac.ir/article-1-1008-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/jsdp.18.2.147 ]

hiskas RANSAC iy p95Hl 9 SIFT s oSl 53 3513 (S3uls” blits b3a bl 33 oasb »a9bas Sulige

SIFT Siros 5l 99950 gl nglas 5l o Sy
O 130 00laiwl (ullS by (apogy Cys (ganfY
Jo bl Jlade w0l clgaks oS ly
ailos lade olul o golprinn 289 RANSAC ooy 6!
oS5 B Gl walesys 0ebee QLI by gk
Sy 1) Syie (Al sy 5ol psas
P9y Seee 4,5 S (owsS (Fi9 &b )0 el
38las anb pyas Salige <35 sl s solerin
(ol S 5 gy sbolpl 51 o ol (655
el ol B0 Slige pgai 5 55 o> asle B
i 5] oolial b o5 05 o 56 codiy] Slalllas o

6999 b bzl owsS al uil)ls 5 (xSl polis

5- References &l -0

[1] Z. Hossein-Nejad and M. Nasri, "RKEM:
Redundant Keypoint Elimination Method in
Image Registration,” IET Image Processing,
vol. 11, pp. 273-284, 2017.

[2] S. Laaroussi, A. Baataoui, A. Halli, and S. J. P.
C. S. Khalid, "A dynamic mosaicking method
based on histogram equalization for an
improved seamline,” vol. 127, pp. 344-352,
2018.

[3] D. Vaghela and P. Naina, "A review of image
mosaicing  techniques,”  arXiv  preprint
arXiv:1405.2539, 2014.

[4] T. Koch, X. Zhuo, P. Reinartz, F. J. I. A. 0. P.
Fraundorfer, Remote Sensing, and S. |
Sciences, "A new paradigm for matching uav-
and aerial images," vol. 3, pp. 83-90, 2016.

[G]A. Pandey and U. C. Pati, "Panorama
Generation Using Feature-Based Mosaicing and
Modified Graph-Cut Blending,” in Soft
Computing: Theories and Applications, ed:
Springer, 2018, pp. 477-488.

[6] U. B. Patel, H. N. J. I. J. 0. E. Mewada, and |I.
Technology, "Review of image mosaic based on
feature technique,” vol. 2, 2013.

[71P. M. Jain and V. K. Shandliya, "A review
paper on various approaches for image
mosaicing," International Journal of
Computational Engineering Research, vol. 3,
pp. 106-109, 2013.

[8] D. Bheda, M. Joshi, and V. Agrawal, "A study
on features extraction techniques for image
mosaicing," International Journal of Innovative
Research in Computer and Communication
Engineering, vol. 2, pp. 3432-3437, 2014.

[91Z. Hossein-nejad and M. Nasri, "Image
registration based on SIFT features and adaptive

A 2 Yol Vfee Lo

ad,bgs Gk g SURF g, aw allie ol o

s, s [46] SURF-LM s, {33] ay,e
55 3 Ui Selise Sz a5 [47] SIFT-RANSAC
o Sles b3l e g ilwesly i pgad
Aol awslie oolrin by b ongal Salise
2ok S5 Al el le oo J8y0 5 jsbles
ol 5o 8wl paal Swlise 50w U2l 5l
b e oS5 slasts) b 43T e il
by 0ad)s el oSl pslal oS5 sl
oS 5 ;) [47] SIFT-RANSAC s, 5 (owsS Joe
6°L?r“““" w09 el 0als oolail 0359 u...iaLuo
[47] SIFT-RANSAC s, ¢ [46] SURF-LM s,
ad,bgs 3udai g SURF g, 0 05l (g5 o,Slas
5| se5u [47] SIFT-RANSAC s, 5 [33] ape
ol ardie jod mpe b ol Skl a5 Soljse g
L e a plidle sboo,ouy a5 vas oo olid el
i3 [46] SURF-LM i, o 5 wloais oS 5 oo
28,5 58 508wy o SLbl a5 Slise pgai
L el Salise wnlp asva ooleitn (295 s
Cod (g0l B9, ;9 RMSE lade .ol ools ploxl
P9y d33] @ )by Godai 9 SURF (g, @
»4o [47] SIFT-RANSAC b9, 4 [46] SURF-LM

sl 00 00l ul-MAJ (Y‘) Jj» o aS (el

30 SIS (g b (0leduiony g gl (Y- Jgu)

ryal Seljgo
(Table-3): The results of the proposed method with the
classic method in image mosaicing
Method MEE RMSE MAE

SURF-Fast Bi-Match [33] | 2.210 3.276 5.671

SURF-LM [46] 4.01 4.19 6.358
SIFT-RANSAC [47] 313 3.891 521
Proposed 2.06 2.29 3.534

Sy bolpiiay ¢ Gmiaxs -F
oJ.LJ

29a Salise an1)8 6l Gouaz 0 Sg, @lis ol o

RKEM-SIFT by, oS5 5 oolitul L b

eoleiin cuS 5 he, 9 soliiey (389 RANSAC
RKEM-SIFT o5 5551 31 oolical L dazyl o s 5 e


http://dx.doi.org/10.52547/jsdp.18.2.147
http://jsdp.rcisp.ac.ir/article-1-1008-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/jsdp.18.2.147 ]

(18]

Ransac and Homography," vol. 3, pp. 247-
251, 2014.
D. G. Lowe, "Object recognition from local
scale-invariant features,” in iccv, 1999, pp.
1150-1157.

2B s was g, a0l e [14]
bawdiz polal jo  olad laly, e

Olpl GIS g 498 5l Lo 5,90 5l o

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

VA5 ATVY Slrio F o loads @ o0

Z. Hossein-Nejad and M. Nasri, "A New
Method in Image Matching Based on Spatial
Relationships in  Multi-Sensor  Remote
Sensing Images,” lranian Remote Sensing &
GIS, pp. 73-94, 2018.

M. Brown and D. G. J. I. j. 0. c. v. Lowe,
"Automatic panoramic image stitching using
invariant features," vol. 74, pp. 59-73, 2007.

Z.-L. Yang and B.-L. Guo, "Image mosaic
based on SIFT,” in 2008 International
Conference on Intelligent Information Hiding
and Multimedia Signal Processing, 2008, pp.
1422-1425.

J. He, Y.-s. Li, H. Lu, and Z.-m. J. O.-E. E.
Ren, "Research of UAV aerial image mosaic
based on SIFT," vol. 2, 2011.

Y. Wang, J. Shen, W. Liao, and L. Zhou ,
"Automatic fundus images mosaic based on
SIFT feature,” in 2010 3rd International
Congress on Image and Signal Processing,
2010, pp. 2747-2751.

C. Gao, X. Zhang, Y.-L. Wang, and H. J. J. Y.
J. o. C. AL Wang, "Automatic stitching
approach of aerial image sequence based on
SIFT features," vol. 27, pp. 2789-2792, 2007.

L-n. Li and N. Geng, "Algorithm for
sequence image automatic mosaic based on
SIFT feature,” in 2010 WASE International
Conference on Information Engineering,
2010, pp. 203-206.

M. Liu and D. Wen, "Automatic seamless
image mosaic method based on SIFT
features," in Second International Conference
on Photonics and Optical Engineering, 2017,
p. 1025636.

G. Kaur, P. J. I. J. o. S. Agrawal, and
Technology, "Optimisation of image fusion
using feature matching based on SIFT and
RANSAC," vol. 9, pp. 1-7, 2016.

A. Laraqui, A. Saaidi, K. J. M. T. Satori, and
Applications, "MSIP: Multi-scale image pre-
processing method applied in image mosaic,"
vol. 77, pp. 7517-7537, 2018.

P. Kang and H. Ma, "An automatic airborne
image mosaicing method based on the SIFT
feature matching,” in Multimedia Technology

RANSAC transform,” in Communication and
Signal Processing (ICCSP), 2016 International
Conference on, 2016, pp. 1087-1091.

SLkail sledig; 2 5ys 0" S raip el a5 [V 4]
4Y o)Lo..i} ¢ 00)50 ,)45..44 u,u)‘.)).v 9 @L,.._;

AYAY FV-YASlmi

[10] Z. Hossein-Nejad and M. Nasri, "A Review on

[11]

[12]

Image Registration Methods, Concepts and
applications,” Journal of Machine Vision and
Image Processing, pp. 39-67, 2017.

A. Laraqui, A. Baataoui, A. Saaidi, A. Jarrar,
M. Masrar, K .J. M. T. Satori, et al., "Image
mosaicing using voronoi diagram,” vol. 76,
pp. 8803-8829, 2017.

Z. Hossein-Nejad and M. Nasri, "A-
RANSAC:  Adaptive random  sample
consensus method in multimodal retinal image
registration," Biomedical Signal Processing
and Control, vol. 45, pp. 325-338, 2018.

sy 35t plige zeosly coblig lg 50l 3 VY]
Blbil cux SIS p gy p e bkl

‘f o)l.o..i} AY 0)5..)

[13]

b ools g oMe  ojlop
Y0 AY-YA Olxao

F. ZohourParvaz, E. Fatemizadeh, and H.
Behnam, "Speed improvement in graph-cuts-
based registration for non-rigid image
registration of brain magnetic resonance
images,"” Signal and Data Processing, vol. 13,
pp.Y )V ,4Y.va

Ay Gy S ol " edee o LS5 L DVF]

"M (olidil dgete elite 4 9,093 pglas
Yeolas N 0y90 « by ooy De o sloy

[14]

[15] Z.

[16]

[17]

AR V55 Slmio

A. Torkian and P. Moallem, "Multi-frame
Super Resolution for Improving Vehicle
Licence Plate Recognition," Signal and Data
Processing, vol. 16, pp. 61-76, 2019.

Ghassabi, J.  Shanbehzadeh, A.
Mohammadzadeh, and S. S. Ostadzadeh ,
"Colour retinal fundus image registration by
selecting stable extremum points in the scale-
invariant feature transform detector,” IET
Image Processing, vol. 9, pp. 889-900, 2015.

N. Cheng, J. Wang, A. Xu, H. Zhu, X. Wang,
Y. Lan, et al., "Liver Image Mosaicing System
Based on Scale Invariant Feature Transform
and Point Set Matching Method," vol. 8, 2014.

S. J. 1. J. 0. E. Michahial and I. Technology,
"Automatic Image Mosaicing Using Sift,

FA sl ¥ 5kt 1Fer Sl N



http://dx.doi.org/10.52547/jsdp.18.2.147
http://jsdp.rcisp.ac.ir/article-1-1008-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/jsdp.18.2.147 ]

hiskas RANSAC iy p95Hl 9 SIFT s oSl 53 3513 (S3uls” blits b3a bl 33 oasb »a9bas Sulige

[41]

[42]

[43]

[44]

[45]

[46]

[47]

W. Aguilar, Y. Frauel, F. Escolano, M. E.
Martinez-Perez, A. Espinosa-Romero, and M.
A. Lozano, "A robust graph transformation
matching for non-rigid registration,” Image
and Vision Computing, vol. 27, pp. 897-910,
2009.

Z. Hossein-Nejad and M. Nasri, "An adaptive
image registration method based on SIFT
features and RANSAC transform," Computers
& Electrical Engineering, vol. 62, pp. 524-
537, 2017.

H. Tang, A. Pan, Y. Yang, K. Yang, Y. Luo,
S. Zhang, et al., "Retinal image registration
based on robust non-rigid point matching
method," vol. 8, pp. 240-249, 2018.

Q. Zhang, Y. Wang, and L. Wang,
"Registration of images with affine geometric
distortion based on Maximally Stable
Extremal Regions and phase congruency,”
Image and Vision Computing, vol. 36, pp. 23-
39, 2015.

G.-Q. Gao, Q. Zhang, S. J. M. Zhang, and
Control, "Pose detection of parallel robot
based on improved RANSAC algorithm," p.
0020294019847712, 2019.

W. Zhang, X. Li, J. Yu, M. Kumar, Y. J. E. J.
0. | .Mao, and V. Processing, "Remote sensing
image mosaic technology based on SURF
algorithm in agriculture,” vol. 2018, p. 85,
2018.

Y. Zhen, Z. Sun, J. Li, and Y. Peng, "An
airborne remote sensing image mosaic
algorithm based on feature points,” in 201 7
Sixth International Conference on
Instrumentation & Measurement, Computer,
Communication and Control (IMCCC), 2016,
pp. 202-205.

PV Jle jo s 152
b, S s wee 5l
Ol S B w4l o 1) 095
olﬂ olBiils 3IVAY Jlo o ol plxe

R R P S I )

..\>‘3

kol of5T olKasls 51 AYA0 Jlo j0 pliacs

1S gemiils i ol Jl j0 0,8 S o

Ao g e (ial)S Slple -3 pwaige alh) j0

5 el Syl bl s, e

hoseinnejad.zahra@yahoo.com

f

&

A 2l Vol Ve Lo

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

(ICMT), 2011 International Conference on,
2011, pp. 155-159.

R. Monali, S. Moonka, A. Priya, and S. S.
Tripathy, "Effects of noise and relative
overlap on image mosaicing using SURF
features," in Recent Trends in Electronics,
Information & Communication Technology
(RTEICT), IEEE International Conference on,
2016, pp. 773-777.

Y. Murali and M. J. I. Madanapalle, "Image
mosaic using speeded up robust feature
detection,"” vol. 1, 2012.

G. Venugopala, G. Padmajadevi, M. J. I. J. o.
R. Tech, 1. T. i. Computing, and
Communication, "Image stitching using
speeded up robust features," vol. 3, pp. 3514-
3519, 2015.

Z. Yang, D. Shen, and P.-T. J. P. 0. Yap,
"Image mosaicking using SURF features of
line segments,” vol. 12, p. e0173627, 2017.

X.-h. Yang and M. Wang, "Seamless image
stitching method based on ASIFT," Comput
Eng, vol. 39, pp. 241-244, 2013.

Z. Hossein-Nejad and M. Nasri, "Retinal
Image Registration based on Auto-Adaptive
SIFT and Redundant Keypoint Elimination
Method," in 2019 27th Iranian Conference on
Electrical Engineering (ICEE), 2019, pp.
1294-1297.

H. Moradi-Gharghani and M. Nasri, "A new
block-based copy-move forgery detection
method in digital images,” in 2016
International Conference on Communication
and Signal Processing (ICCSP), 2016, pp.
1208-1212.

N. Y. Khan, B. McCane, and G. Whyuvill,
"SIFT and SURF performance evaluation
against various image deformations on
benchmark dataset,” in 2011 International
Conference on Digital Image Computing:
Techniques and Applications, 2011, pp. 501-
506.

M. A. Fischler and R. C. Bolles, "Random
sample consensus: a paradigm for model
fitting with applications to image analysis and
automated cartography,” Communications of
the ACM, vol. 24, pp. 381-395, 1981.

A. Li, S. Zhou, and R. Wang, "An improved
method for eliminating ghosting in image
stitching,” in 2017 9th International
Conference on Intelligent Human-Machine
Systems and Cybernetics (IHMSC), 2017, pp.
415-418.

F. Tian and P. Shi, "Image mosaic using orb
descriptor and improved blending algorithm,"
in Image and Signal Processing (CISP), 2014
7th International Congress on, 2014 ,pp. 693-
698.


mailto:hoseinnejad.zahra@yahoo.com
http://dx.doi.org/10.52547/jsdp.18.2.147
http://jsdp.rcisp.ac.ir/article-1-1008-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/jsdp.18.2.147 ]

Oleial 3 IYFY Jlo )3 (6 pas (e
o1y 0 owlid 5 S ae ol W
SIATAY Jlo 50 (Sbj (owiige a2d)
ad) eela S lael oSl
5 WWAS Jlo jo JiS-G3p (oot
Y Jls po 1) Ol 5 (gwiige 1S
WAY Jlo 5l 0,8 cil,s leyS b aged olSails
okl ST olRizsls jo Jbsbiwl lareas oligl oS
sl aites S5 @ Jsiio lehol b ied s
GRS 5 Sl s ole e oy I s il
ole e alme YO I R ol 5 0o piee o
bl g rpal il n olinl (chagn sladie ol
ol o3
5l cwl le lasl asblly glas
nasri_me@iaukhsh.ac.ir



mailto:nasri_me@iaukhsh.ac.ir
http://dx.doi.org/10.52547/jsdp.18.2.147
http://jsdp.rcisp.ac.ir/article-1-1008-en.html
http://www.tcpdf.org

