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3 Subject

4 Histogram matching

5 Haze Correction

6 Pseudo Invariant Features

7 Dark set-Bright set

8 Minimum-Maximum normalization

9 Mean-Standard deviation normalization
10 Simple Regression
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2 Intercept
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2 Quadratic Regression Using Unchanged Pixels
3 Cubic Regression Using Unchanged Pixels

4 MLRUUP

P

ol Gorwlpdlo i st (ol 5,1 V-0
Sty plow o A lio jo cmas gloasils
Ol ydlo s
Slesl Il ge—wlidloy ml s o)
Gh o 0ad (Byme Sledy) plu b gras slaasil
oS 9 —S ol )Ly g0 jlesla I Ly (pgo
4 by (S Julo o, S o Do
it (BB sl pl S e ol
5 ol S g al St cn ol -
ool wlloaS Jdoa pgal g a0 poal
5 el o5 o3 o ac a5
3 dmols BB gl pl Sei i )l -Y
ool wlloaS oo pgalga=>pw poal
G oS bl cwlon s oplle s (Sl Jae
Slape (eS8 Ll dlie g arwlne 4 by yo
S mools | s 5 g lplle s (RMSE)
S0 (Byme slahy; e jlaibiee (2L)
4S SRy MS MM HC HM b5, pgo ise

Al gilwosly vl 5ls oS slatiulos o
anaS olashd- s e w)S) g, (eizen
Ogy 5 eslaiwl L woyls 5Ls oy slaaibislos
0dld Sg—pp A_:‘)_».».u a_i_..:l.oy‘ 6}Lu)&i3—\ Lgéle‘...w.u
20,5 (g5lwooky 1 0ol 00ld dgups hg, oyl g 00l
Gla} ‘_ngug...w)f) )‘ oolawl u.».l.vl.‘? R “"'er" o
aS lojleala palas youwlidlo s o JYL Sl o
3o S oo colaiul adls s sy Sty 5l LS
(&l 9 am Al s sl oSy (S
— pg—= 9 pgo i Jol bz (o e S
J—= e Fanlie aedS o LIS o
OQL&J_M:‘ Q)H oelo St 90 (_g‘)a LS&-M.AJ ug.u..:‘)..JLo)J
MJ; ‘nl_>u\ ui"ﬁ) \e. )‘ oolazu l_> ¢ gz L U"‘ o
Ogemlidle yi Ol o (3 yieS (gl (¥) 9 (V) Jgu
«(ANN) —ac a5 i sl ig 5l o>

(S



http://dx.doi.org/10.29252/jgit.2.1.17
http://jgit.kntu.ac.ir/article-1-110-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-05-21 ]

[ DOI: 10.29252/jgit.2.1.17]

o Jgl a0l g0 OS] o iz ob 005 oo
)" oolawl L sa 0yudloy a_9~.\_<b).>9—a4-’9&>)-‘°

ANN

5 sdyme AN L L g oas oy b cacaSid

Oyl o518 a4 L5l el

S, S s .l § oolax AIRSYS o
s ONUS——s o dnMFYF o dr dse

O IS5 o dn™Wodr a5
S s e i (V) JSb al a s al)|
aS e cowl atily oed bt Lo, el jlle
Comand DS gl ol S oinnd Conl ol Eely Yy
el 8,85 50 gl iile et o o
S5 L e ey olie (i o 5 00 50
5 &= o g WS gl pl Fowns 0 jio
93 ol aS aol il 8l eois o dle p Bae yguad
aS Gl pml oaums Lid g 009 bogy e po 4y Lo &5
o Sold) (Jy a8 S Ojge 095 4 el

s (o2

3‘35X 104
g BAND 1
=
3 3
5 @ :';I ——dr
25 ::I """""" dn Leor
':
€ :
1.5}
1

1

)

1

1

L !
!

1

:

0.5¢ Jl’
!

Lo !

050 100 80 0 &0 100 150 200
gray scale

reai Jol Wb g0 SN pguai ol )5 giwend VY JSC&
S 1505 15 gt 3 (A )l B 539005 5 02 0
Load odlo yp Bun pgai g & po pgeai Jol Wil 9o
(AN daai s gy 31 ool

e

S0 Slelbl (59U uwsigo — (g fu sole oy

1P lgs @ Cun o jloud @ pgs Jlw

5 Oyl b sl 1) (b et 5ld e (!
Sy 90 52 50 oSl 03,8 ool o jlgale nslas
A ol Gorwlidley ot 09 g Cclioolo
sl @l cslondion i ol glody, (olos
(e—as saSl | eolatul Ojee jo was oo i
Sy5-0 50 Ol idle i Dl po (a8 sl lade
A Vg VYD (ool 4 o Js) it
ooli_ul glaialad- L yor s S, Joo 5l a5 >
SX Y IXVES SO NY SFTFN (5 a wsd
PRSI U SOV AN LaVA & VA X
JYVYNY SOVYO SEENE SFAN S5 a5
s ss s sl e (2L UYAFE 7Y 0)
s Gl paS 5l ool l Ly ygal sl
S s ey Bl s e i
BB gl g &2 o poal 50 AL oS SloJuSy
sl azls 1y B3| ol 08,8 Joa

LSl a5 s, clwosls RMSE jzal,y 5y opdle
wolei s pal 3 1) Gl il @l (o5 (b3
Slidod (o5 50 525 (S (2b)l bl 5l Vene
ol S sas oS oLyl o [V]sgs o ool
Bop po—ai g 20 pg—al DS g
Ol ielle 5 Slebyy 3l ooliionl L oas o5lls
20,5 oo dlie S50 S5 Ly 5 adgi ond 00y IS0
S5y dmt gl llo 5l ol gl aelal o
o e b (rasaSds jloslanal L) (golering
S Oyge an (laskad- b (g 5 ) S
255 0518 Gl 0)9e gl gal bz 090 5
Bad pgal g &z e pyal Jol Wb g3 DS g
et el gl L5 oy ol s
5 &=y o= Jol 0l g0 DS g asll )
Oge—w S 5 5l eslaiwl Ly oo odla i o poas
EEON. | e IO P A e


http://dx.doi.org/10.29252/jgit.2.1.17
http://jgit.kntu.ac.ir/article-1-110-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-05-21 ]

[ DOI: 10.29252/jgit.2.1.17]

--.00lo j3iz> (slojlgalo juglad Suilogsl gl julo o
OlJSe g 8sbo su>9

~ oo o Tzl ool S g Gillad L gy 41 gmwllle § pls ool 16l (b 5yl Wesls RMSE  yiolyly :Y Jgu
Pow 453 pgd a0 (Jgl azr 30 AL yuudS (U JuuSy l 00liiwl b (ygams )5y 00l (ygum 55 5 ¢ slame B poxsl- puSile ¢ 35Lo

Js' )J,»ww st.g (mas dSu.ofu ) PRI KY S gt d.éLu ).o.w LSLDJ"”L‘ )‘ solasw! b 6|A.'J93—‘5h.‘> U""”")f)

RMSE Test- seri 1(1989-2007)

No. Methods BAND 1 BAND 2 BAND 3 BAND 4 BAND5 | BAND 7 Av.
0 Raw 9.299 7.219 7.932 3.19 4.969 3.506 6.019
1 HM 19.326 15.759 19.887 17.963 46.385 28.012 24.555
2 HC 9.562 7.547 8.254 3.147 5.215 3.710 6.239
3 MM 14.725 7.461 8.891 3.928 7.556 3.812 7.729
4 MS 27.591 18.833 12.004 10.462 9.306 5.810 14.001
5 SR 39.498 11.435 15.234 9.224 26.742 31.302 22.239
6 LSRUU 6.633 4.751 5.014 2.768 4.785 3.348 4.550
I QSRUU 6.020 4.405 4.794 2.740 4,782 3.255 4.333
8 CSRUU 5.989 4,374 4.538 2.543 4,772 3.212 4.238
9 MLRUUP 5.828 4.223 4.492 2.530 4.737 3.209 4.160
10 ANN 3.298 2.081 2.800 2.498 4.505 3.101 3.047

o gutnal ol S gt Gl gy 4 Hgawlidle S (Raw)pls glaosls il (b3 Gedls RMSE yiolyy :Y Jgux
4250 o Jgl 450 AL ki (S JunSiy 3l 00l b (ygum 555 03l (ygam 55 s limo B2l (1 Sleo (oo 3 o oo
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No Methods RMSE Test- seri 2(2007-2010)
) BAND 1 BAND 2 BAND 3 BAND 4 BANDS5 | BAND 7 Av.

0 Raw 21.428 20.225 27.250 14.450 9.697 15.224 18.046
1 HM 28.012 46.385 17.96 19.887 15.759 19.326 24.555
2 HC 16.029 23.421 52.667 14.503 9.326 15.574 21.92
3 MM 17.436 17.927 53.353 45.608 28.818 19.574 30.453
4 MS 14.207 14.882 34.946 39.971 27.949 37.204 28.193
5 SR 16.100 16.104 18.000 25.915 20.529 34.564 21.869
6 LSRUU 13.847 14.560 12.387 10.919 7.018 12.189 11.82
7 QSRUU 12.88 14.479 12.240 10.442 6.567 11.441 11.342
8 CSRUU 21.428 20.225 27.250 14.450 9.697 15.224 18.046
9 MLRUUP 12.348 14.261 12.215 10.386 6.801 12.092 11.350
10 ANN 6.321 5.095 5.160 7.985 5.406 8. 532 6.416
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Abstract

Relative Radiometric Normalization is often required in remote sensing image analyses particularly in the land
cover change detection process. The normalization process minimizes the radiometric differences between two
images caused by inequalities in the acquisition conditions rather than changes in surface reflectance. In this
paper a new automatic Relative Radiometric Normalization (RRN) method is proposed which uses an
Artificial Neural Network (ANN) and unchanged pixels. The proposed method includes the following stages:
1) automatic detection of unchanged pixels based on a new idea that uses CVA method, PCA transformation
and K-means clustering technique, 2) evaluation of different architectures of perceptron neural networks in
order to find the best architecture for this specific task and 3) use of the aforementioned network for
normalizing the subject image. The method has been implemented on two paires of reference and subject
images taken by the TM sensor. Normalization results obtained from the proposed method compared with the
8 conventional methods includes: Histogram matching, Haze Correction, Minimum-Maximum, Mean-Standard
deviation, Simple Regression, Linear, Quadratic and Cubic Simple Regression Using Unchanged pixels and
Multi Line Regression Using Unchanged Pixels. Experimental results confirm the effectiveness of the
presented technique in the automatic detection of unchanged pixels and minimizing any imaging condition
effects (i.e., atmosphere and other effective parameters). The proposed method for automatic change detection
shows a high capability in detection of changes in covered vegetation areas. Using of this proposed method
improves normalization results in all bands, especially in the third and fourth bands which are located in the
red and infrared portion of the electromagnetic spectrum. The evaluation results of modeling stage reveal that
the normalization using ANN in all 6 bands of all images has produced the more optimum results compared to
those of normalization with conventional methods.
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