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ABSTRACT:

Considering the actual research purpose, this gameshown the limitations of the existing radiomeetiormalization approaches
and their disadvantages in change detection dicéatiobjects by comparing the existing radiometormalization approaches, on
the basis of which a preprocessing approach obrnagliric consistency based on wavelet transformsgadial low-pass filter has
been introduced. This approach separates the tegidncy information and low frequency informattmnwavelet transform first.
Then, processing of relative radiometric consisgebased on low-pass filter is conducted to the foeguency parts. After the
processing, inverse wavelet transform is condutiezbtain the result image. The experimental resshibw that this approach can

reduce the influence of linear or nonlinear raditioalifference of multi-temporal images on chanigeection a lot.

1. INTRODUCTION

Most change detection approaches mainly depenthamges of
spectral reflection values of remote-sensing imegesed by
change of objects. However, these changes can usedady
real change of objects, and can also be causedany wther
factors such as imaging season, imaging time, ingagingle,
solar altitude angle, meteorological conditions amvering
extent of cloud, rain and snow. These factors atl mfluence
the accuracy of change detection results signifigarSo
radiometric normalization is often needed beforeange
detection. (Chavez 1996, Chen et al. 2002, Coppith. €084,
Du et al. 2002, Lillesand & Kiefer 1994, Song et 2001,
Spanner et al. 1994, Spanner et al. 1990).

Radiometric normalization refers to elimination @crease of
inconsistency of the measured value by the sensbrspectral
reflectance or spectral radiance of the object.inttludes
absolute radiometric normalization and relative ioagktric
normalization(Coppin et al. 2004, Elvidge & Lyon 598
Elvidge et al. 1995, Du et al. 2002, Song et aD1205chott et
al. 1988). Absolute radiometric normalization mgimorrect
the radiometric distortion caused by condition titiede of the
sensor, sun illumination, atmospheric diffusionatmospheric
absorption, which is irrelevant to change of raditno
characteristics of object surface. Because it iseesive and
impractical to get atmospheric parameters and grouljects
for current data, and it is nearly impossible figtdrical data
and wide- range regional research, absolute radiame
normalization is difficult to be realized in mosises (Chavez
1996). Change detection aims at multi-temporal imaged it
is a relative operation between images, so radigenet
characteristics of multi-temporal images that hlaeen used for
analysis needn’t be absolutely right. They only chée be
relatively consistent. Consequently, relative raditin

normalization is mainly used during change detectibaking

an image as reference image, regulate the radimmetr
characteristics of another image to make it mabehreference
image(Hall et al. 1991).

The common relative radiometric normalization agfes can
be classified into two types according to algorithmodels. One
is nonlinear normalization approaches, among whistogram
matching is the most widely used. The other typdirisar
regression approaches, which often assume thatarline
relationship exists between the DNDigital Number or Gray
Value, DN) of the image to be corrected and the DN of the
reference image(Ding et al. 2005; Yong et al. 2088y among
which the approaches that have better applicatgsults are
simple image regression, pseudo-invariant featudesk set-
bright set normalization, and no-change set radinme
normalization. For conventional image processinglative
radiometric normalization approaches are easy t@akzed, so
they are widely applied. However, different senstrave
different features, and natural landscape of differregions
shows different characteristics on the remote-sgnsnage, so
one approach may lead to different effects whenlieghpo
different remote-sensing images. Consequently, ffecte of
different approaches can't be treated as the s@mproper
approach should be chosen according to the applicand
data features.

During applications of change detection, it is fduthat the
conventional relative radiometric normalization eggrhes may
have the following problems when directly appliedchange
detection: first, for different sensors or multivigoral images of
the same sensor, radiometric distribution may motfarm to
linear relationship. If processing is conducted cading to
linear relationship, it may lead to wrong resulecond,
histogram matching, the most widely used approathhe
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nonlinear relative radiometric normalization apmioes,
doesn’t show satisfying effects during applicatioHsstogram
and the image may not be in one-to-one corresparcien
radiometric distribution can be easily changed mfdisordered
condition; and gray-scale loss may exist in thecessing
results of histogram matching. Third, the linead aronlinear
relative radiometric normalization approaches noered above
all conduct mathematic calculation according toralfestatistic
characteristics of the image, not considering lobalracteristics
of the image.

(c) a Processing Result of Mean-Standard Deviation
Normalization

(a) 2003-08-25 Spot5 Original Image

D
\

(d) a Processing Result of Histogram Matching Noizatibn

Fig.1 Comparison of Conventional Radiometric norméilira
Results

It can be seen from Fig.1 that both linear regoessipproach
and histogram matching are out of function to thmages with
nonlinear radiometric difference. Not only radionet
difference of the water area hasn’t been eliminatadiometric
(b) 2003-12-07 Spot5 Original Image features of the land have also been damaged to segee
with the influence of water statistics. So if suptocessing
results are directly used in change detection, gmasults will
be obtained.

In order to solve both linear and nonlinear raditioe
difference during radiometric processing of chadgéection ,
radiometric normalization approach that has beapt@dl must
consider overall statistical information and twanensional
distribution information at the same time. Consedlyea new
relative radiometric normalization approach is farward in
this paper: Processing of Relative Radiometric Cosrstst
Based on Wavelet Transform and Low-pass Filter. This
approach doesn'’t pursue optimal radiometric featwferesult
image. The radiometric features only need to meetnieed of
change detection. Owing to the fact that its tmfinthought is
different from that of the conventional relativedi@metric



normalization approaches, this approach is alsolectal
“Processing of Relative Radiometric Consistency” is gaper.

2. METHOD
2.1 Wavelet Transform Principle

Wavelet transform is a time-scale(time-frequencylalgsis
method of signals with the feature of multi-resmotanalysis.
It has the ability of showing local features of gignal both at
the time domain and frequency domain. It is a tfrequency
localized analysis method with fixed window sizbangeable
window shape, and changeable time window and fregue
window.

Wavelet can be defined as follows¢/(t) O LZ(R). If its

Fourier transformy(w) meets the following conditian

[ ()
=g

dw< o 1)

Theny/(t) is called fundamental wavelet or mother wavelet, an

formula (1) is called permissible condition of wiste

From the definition of wavelet, it can be known ttheavelet
function is not only required to be concussive, algncontain a
certain frequency feature, it is also required toveh some

limitations. That is why/(t) is called wavelet. Stretch, shrink

or translatey/(t) , the fundamental wavelet (mother wavelet):

l//a,b(t)-\/—l//( )abDRa:&O )

Yap(t)is called wavelet basis function, of whiehis scale

factor, andb is displacement factor.

Assume thaty(t) is fundamental waveletand ¢/, ,(t) is the
basis function of consecutive wavelet defined icoadance
with formula (2). If f(¢)OL%(R) ,
transform can be defined as follows:

W (a,b) =( f (1), ¢ap ) :ﬁf

consecutive wavelet

« t=b
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Consecutive wavelet inverse transform can be definsd
follows:

—b, dadb

f(o) = é [ @2 @

Wavelet basis function determines the effect afidieficy of

wavelet transform. Wavelet basis function can becsed freely.
The simplest Haar
experimental system in this paper for separatiohnigti and low

frequency. For details of wavelet transform and eletvanalysis,
please refer to the relevant document.

Haar wavelet

wavelet has been adopted by thg
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Fig.2 Diagram on Separation of High frequency and Low
frequency of the Remote-sensing Imagehe red, green and
blue curves stand for three wave bands respectivelya)
Gray Scale Profile of a Line of Remote-sensing Imad®

Low frequency Part of the Curves in Image(a) High
frequency Part of the Curves in Image a

As shown in Fig.2, in remote-sensing image, it asv |
frequency information that mainly stands for radérc
lightness distribution, and high frequency inforimat shows
the texture details. So radiometric lightness défifce of images
is mainly reflected on low frequency parts of imag# low
equency information of two images to be corredteddjusted
to be approximately consistent, radiometric distfifin features
of two images come to be consistent. Consequentlgewa
thought for relative radiometric normalization da@ obtained:
extract low frequency parts of two images, and stdjbe low
frequency part of the image to be corrected, thelative
radiometric normalization can be realized. Because low
frequency of the image can be obtained by low-[iiltes first,



this relative radiometric normalization approach dalled
Processing of Relative Radiometric Consistency Basddun
pass Filter (LPF), the procedure of which is akfos:

First, assume thaf, is the image to be corrected arfg
is the reference image.

(1) Smooth the images]c1 and f2 by spatial domain low-

L L
pass filter to obtain low frequency images and 2
that can approximatively stand for lightness disttion
of image.

Use difference (or ratio) of the original ima&eand the
L H
to get 1

)

low frequency image! , which can be

approximatively regarded as high frequency partfhf
L L
(3) Adijust f by the relationship betweer]:l and 2 to
get correction resultfl . The simplest adjusting method
is the difference method as follows:

fl'(X! y) = fl_(flL - sz)

=f-f-+f; =f"+f
@)
or
fL(xy)=f./(f7 1 13)

= f,* (1,1 1))

=f,*(f,/ 1) =f,* )

(8)

This processing is equivalent to the procedure thateplace
the low frequency part of the image to be corregtéd the low
frequency part of the reference image. Because attipal
operation, separation of high frequency and lovgudency is
only a relative processing, still a large quantity high

frequency texture information exists fé the low frequency
part of the reference image. Consequently, the tnégfuency of

the image to be processed may be damaged during ti

procedure of processing with formula (7) or (8).drder to
adjust radiation and protect image texture at thmestime,
wavelet transform is introduced on the basis of dpproach
mentioned above. During the processing of relathidiometric
consistency based on wavelet transform and low-filiss,

wavelet transform is used for pre-separation ohHmgquency
and low frequency parts. After wavelet transformpgessing of
relative radiometric consistency based on low-dats only

need to be conducted to the low frequency part, thrdhigh
frequency part doesn’t take part in operation, thmewerse
transform is conducted to obtain the result imdgethis way,
the influence of radiometric processing on imagetute is
controlled only to the low frequency part, so radétric

normalization is realized, and texture informatican be
protected to the maximum extent.

First, assume thaf, is the image to be corrected arfg is the

reference image. Then the specific algorithm ofatre¢
radiometric consistency processing of images felémns:

(1) Wavelet transform is conducted for n timesfpand f,,
so that low frequency parts of the imadg¢ and f, ,

and high frequency parts of the imadg' and f," are

obtained.
(2) Smooth f" and f, with spatial mean filter to obtain
low frequency images f'* and f,° that can
approximatively show lightness distribution of ineag
Use difference (or ratio) off," and f'* to get f",
which can be approximatively regarded as high feaqy

part of f" .

©)

Adjust f"and f, by the relationship betweefi*" and

fZLL to get correction resulflL‘ . The specific adjusting
method is as follows:

f(xy)=fo-(fr - f30)

4
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Replace f' with f'.
Reverse transform is conducted to wavelet transform
result of f, to get radiometric processing result. Take the

image in Fig.1 as an example, and flow diagram of
algorithm is as shown in Fig.3.

®)
(6)

Lowpass Filter

Lowpass Filter

Image of Lightness
and Hues Distribution

Image of Lightness
and Hues Distribution

Low-frequency Image Low-frequency Image

he Original Low-frequency Part
Low-frequency Image after
Radiometric Correction

Original Image to be Corrected Result Image after Radiometric Correction

Original Reference Image

Fig.3 Flow Diagram of Algorithm for Relative Radiomiet
Consistency Processing Based on Low-pass Filter aancelat
Transform
In order to prove that it is helpful to introduceawelet
transform into the approach of radiometric consisye
processing based on low-pass filter for texturedpotion, the
following will compare and analyze the image in .Big

processed at different scales.

Standard deviation is used, for it can measureitfiloences of
algorithm on image. One is that it can measure hhvextent
the texture information of reference image has braed into
result image. The other is that it can measure hichvextent



the texture of original image has been damaged H®y t processing based on low-pass filter is conductetherbasis of

radiometric processing algorithm.

For the first influence, it can be known from thiépiple of the
approach of relative radiometric consistency prsices based
on low-pass filter that it is inevitable for textéunformation of
reference image to enter result image. Consequedthy;, the
original image is processed, its texture will drelase to that of
the reference image. Reflected on the standard titaviat will
be that the standard deviation of result imageetsvben that of
the original image and reference image.

For the second influence, it can be known fromgheciple of

the approach of relative radiometric consistencgcessing
based on low-pass filter that the way of separatimigh

frequency and low frequency is to remove low fratye
information from the original image. Because somghhi
frequency information may also be mixed in the loaguency
information, the high frequency tends to be damadedng

processing.

Change Relationship of Scale and Standard Deviation

——— 2002 Inmage after

2007 Image

Being Processed ——@——2002 Image before Being Processed

20
18 l.—.'.—.—.'.—.—.—“—.—“—.'.—.—.'.—.—.—.—.—.—-

! [0 9000000600699 00000000000

Standard Deviation

12 3 4 5 6 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Scale (5 XX)
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Scale and Standard Deviation of Result Image with th
Approach for Relative Radiometric Consistency Proogssi
Based on LPF
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Fig.5 Change Relationship Curves of Equivalent Scale

and Standard Deviation of Result Image with the Apph for
Relative Radiometric Consistency Processing Based oRRFNL

Consequently, during radiometric processing, the
influences are integrated. Fig.4 shows that imagadard
deviation after being processed with the approaseth on low-
pass filter is lower than that of the original ireaand reference
image , which means that the texture informationthef image
has been damaged by this approach. While in FigtaBdard
deviation of the result image is between that & triginal
image and reference image, and is closer to thétteobriginal
image. It means that when relative radiometric =tescy

two

wavelet transform, texture information of the amigliimage can
be protected very well.

3. RESULTSAND DISCUSSION

The aim of above relative radiometric consisten@cpssing is
for change detection. Consequently, effect of theragch
proposed in this paper on change detection nebd amalyzed.
In order to show the efficiency of the approachpmsed in this
paper for processing nonlinear radiometric diffeeefetween
images during change detection, this experimentp@dthe
images Nanjing 2002 and Nanjing 2007 to simulateithages
of nonlinear radiometric difference caused by préion, as
shown in Fig.6.

(a) Nanjing 2002 Polaried Image -3m

(b) Nanjing 2007 Image-3m
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& A,

(d Result of Change Detection with a and b
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(h) Result of Cnge Detection with g and b

(e) Normalization Result of a with Histogram Matdpin (i) Normalization Result of a with Approach Propd$e this
Paper
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()] Normalization Result of a with Linear Iiégression

() Result of Change Detection with i and b
Fig.6 Comparison on Abilities of Processing Nonlinea
Radiometric Difference

As shown in Fig.6, (a) is a polarized analog imaf@&lanjing
2002 image. Lightness distribution in this imageuiseven,
darker on the left and lighter on the right. Ligkds distribution
in image (a) is even. As shown in (c) the scattést,p
radiometric difference of images (a) and (b) isnaymplicated.
So if change detection is conducted directly, angreesult will
be obtained as shown in (d). (e) shows the comecgsult of (a)
with histogram matching approach, from which it dan seen
that nonlinear radiometric difference hasn’'t bedimieated
(9) Normalization Result of a with Linear Regression with this approach. Instead, it has caused graledoas, and
compared with (a) image quality is much poorer. i@)the
normalization result of (a) with conventional line@gression
approach. It can be seen from (h) that procesdfagtef linear
regression is much better than histogram matchiegause
spatial radiometric difference of the image is roedr, though
left-right polarization exists. From the scatteptplit can be
seen that the main parts still nearly have a lime&ationship.
Though the linear relationship is not obvious, éffect is still
better than that of histogram matching. (i) showsrexction
result of (a) with approach proposed in this papEhnis
approach pays attention to radiometric consistgarogessing
in spatial distribution, so the lightness distribat of result




image (i) has already been essentially consisteith @b).

Consequently, accuracy of change detection restiit @i and

(b) shown in (j) nearly hasn't been affected bygpiaation.

In addition, it can be known from arithmetic pripl@ that no
matter what radiometric consistency processingaset on,
low-pass filter or wavelet and low-pass filter, tkey is low

frequency information extraction, which is closedlated with

template scale of the filter and frequency of wavélansform.
So equivalent scale determined by filter scale amaVelet

transform frequency determines the result of radinin

processing and finally influences accuracy of cleadgtection.
Consequently, the experiment in Fig.3 with differecales has
been analyzed, and the result is as shown in Fig.7.

Relation of Scale—Correlation Coefficient—Change

Detection Accuracy

transform and low-pass filtet WLPF) has been proposed.
Taking the consistency of radiometric features letwimages
in spatial distribution as a rule, this approachvegi
consideration to both the whole and parts. Soaproach not
only can be used for processing relative radiomewnsistency
of images, but also can be used for eliminating tadiometric
difference around the jointing line during imagenfomg and
image updating. Experiments have shown that thisageh is
effective when used for processing radiometric =tescy
during change detection, and can also be widelg urseother
ways.
ACKNOWLEDGMENTS

The work described in this paper was funded by dvati
Natural Fund of China (NSFC) (No.60602013), National
Natural Fund of China (NSFC) (No0.40901211), Natiokal
Fundamental Research Plan of China

(973)

‘—.—Cnrve of Correlation Coefficient ——@——Curve of Change Detection Accuracy

(N0.2006CB701304), National High Technology Researah a
Development Program of China (863) (No.2007AA120204)
LIESMARS Special Research Funding and Research Gfant o

0.9

8 Wmmm
0.7

0.6 N: 00

0.5

and Accuracy

0.4

Correlation Coefficient

0.3

1 2 3 4 5 6 7 8 910 1112 1314 1516 17 18 19 20 21 22 23 24

Scale (5XX)

Fig.7 Curves of Scale, Change Detection Accuracy and

Correlation Coefficient

It can be seen from curves in Fig.7 that when madioic
processing is conducted at small scales, changectast
accuracy is quite low because of interference eftéxture of
reference image. With the increase of scale, acguia
improved gradually. However, when the scale in@sa® a
certain degree, accuracy begins to decreases djsachral
changes to be steady. This suggests that wheniacaéases to
a certain degree, the influence of radiometric pssing on
accuracy of change detection declines. Research ssltioat
when scale of the target of interest is much sméfien that of
the equivalent filter, its influence on change déta can be
neglected.

From the experiment mentioned above, it can ba Hea the
processing approach of relative radiometric coesist based
on wavelet transform and low-pass filter put fordvan this
paper is efficient in eliminating nonlinear radianie difference
of images, and is helpful to promote change detedtcuracy.

4. CONCLUSION

Most change detection approaches are sensitivemiagea
radiometric features, so radiometric processingfien needed
before change detection to make radiometric featofemulti-
temporal images consistent. In practice, radiomdéatures of
multi-temporal images may not conform to lineamatieinship,
so linear regression, which is on the on the prentlsat
radiometric features of images conform to linedatienship,
often has poor results. In view of practical needgrocessing
approach of relative radiometric consistency basedbw-pass
filter(LPF) has been put forward in this paper,the basis of
which wavelet transform is introduced, so that acpssing
approach of relative radiometric consistency basedvavelet
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