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Abstract

Tone mapping algorithms should be informed by accurate
color appearance models (CAM) in order that the perceptual fi
delity of the rendering is maintained by the tone mappinggra
formations. Current tone mapping techniques, howevefesuf
from a lack of good color appearance models for mesopic eondi
tions. There are only a few currently available appearancelats
suited to the mesopic range, none of which perform very well.
this paper, we evaluate some of the most prominent modeils ava
able for mesopic and scotopic vision and, in particular, weus

on the iCAMO06 model as one of the best-known tone reproduc-

tion techniques. We introduce a spectral-based color appez
model for mesopic conditions which can be incorporated ireto

this kind where the image sensor face with over and under ex-
posed regions in the images. One possible solution to ah@d t
problem is introduced by Debevec and Malik [2] who suggest
imaging with multiple exposures and then propose a tecleniqu

for combining them together. Currently available CCD or C#0

image sensors are capable of capturing wide range of lurénan
however, most of existing displays are not able to displayemo
than two orders of magnitude. Hence, most of the cameras de-
liver an 8-bitimage which can fit to the available dynamioyaof
displays. Therefore, we can expect that displays be indajmib
rendering high dynamic range (HDR) images known as HDR dis-
play problem. Tone mapping is a solution to this problenmigyto

map the high dynamic range image intensities to the low dymam

reproduction methods. Based on the maximum entropy spectrarange display outputs in a way that reproduced image perakypt

modeling approach of Clark and Skaff [1], this is a powerfolar
appearance model which can predict the color appearanceund
mesopic conditions as well as under photopic conditions.r Ou
model incorporates the CIE system for mesopic photomeay: |
ing to increased accuracy of color appearance model. At low
(mesopic) light levels two factors come into play as congbare
with high light level (photopic) spectral modeling. The ffiis
that image noise becomes significant. The Clark and Skaféimod
treats the noise as an inherent part of the modeling procasd,

an estimate of the noise level sets the tradeoff betweenotie c
sistency of the solution with the measurements and therapect
smoothing imposed by the maximum entropy constraint. Tdie se

matches the original scene. Several tone mapping techsigue
been proposed, among them we can refer to multi-scale médel o
Pattanaik et al. [3], perceptually based tone mapping efdra

et al. [4], and iCAMO6 tone reproduction technique [5]. A com
plete review of the available tone mapping operators caoined

in [6].

Current tone mapping techniques and color appearance mod-
els (CAM) are trying to solve different problems; howeverEaik
Reinhard states in [7], these two are two sides of the same coi
(i.e. tone reproduction algorithms and color appearancdefso
should unify to predict the correct appearance of imageb wit

ond factor in mesopic vision is that both the rod and the cone wide range of intensities). In the CAM side, abundant number

systems are active, requiring a modification to the sensateho
The relative contribution of the rod and cone systems is mldet
on the overall light level in this regime, and our approacladap-
tive in this sense. We present several experiments congptimn
performance of our tone mapping approach with that of thetexi

of models are available such as: the Nayatani et al. model, th
Hunt model, RLAB model, CIECAM97 and CIECAMO02 mod-
els; most of which are explained in details in [8]. Howevema

of them are appropriate to be used in tone mapping algorithms
and among them, works that focus on the mesopic vision appear

ing methods, showing that the proposed method works vety welance is not too much. We can say that the currunt tone mapping

in this regard, and also demonstrates the potential of oudeho
to become a part of wide-range tone mapping systems.

Introduction

techniques suffer from a lack of suitable color appearanceeain
for mesopic vision. In this work, we are going to discuss safe
the well-known mesopic vision models currently availalsletie
literature. Then, we propose a spectral model accountinthéo

Our visual system is able to deal with huge absolute levels of rod-cone interaction in the mesopic conditions. All of therm

light from bright sunny day to star lit scenes; moreover, eys
can perceive high dynamic range of luminance (around 4 srder
of magnitude) simultaneously without losing clarity. Natvjs
known that our eyes have different sensitivities underediit
lighting conditions, less sensitive in bright scenes catimgato
dark ones. Adjusting the sensitivity is done partly by chagg

tioned models in this work are implemented, evaluated ana-co
pared to each other. One of the main purposes of this study is t
illustrate the weaknesses and strengths of mostly knowopies
models and analysing their similarities or distinctnessesther-
more, this work aims at investigating the quality of tone piag
techniques (especially iCAMO6) in reproducing mesopiasse

the pupil size and the rest are compensated by the cone and rotlVe hope that the proposed spectral color appearance mgdetin

photoreceptors undergo adaptation mechanisms.

mesopic vision proposed in this work opens a way towardsdilli

However, cameras can not handle high dynamic range sceneshe gaps between the tone reproduction techniques and libre co
as easy as our eyes do. Problems arise with capturing scénes @ppearance models.



Models for Mesopic Vison: rod contributions to the PC, MC, and KC pathways linearlgte!
Physiological Background to rod contrast. The model is fitted to the experimental datbt

Our visual system consists of several layers working in par- tain the parameters. Kirk and O’Brien established a peuzigt
allel to transport the light’s excitation to the visual @xtin the based tone mapping method accounting for mesopic condlition
brain being responsible for interpreting the visual inpiatghe based on the Cao model [12]. Cao model can be summarized in
eye, so-called visual perception. The light falls on théneet  three fundamental steps. (We keep the same notations ag [12]
and stimulates four types of photoreceptors: the rods ang,lo 1. Rod responses are involved in setting three regulatprsiv,
medium and short wavelength sensitive cones. The output of aandgs.
rod cell is connected to the rod bipolar cell and the conegrket

ceptor is connected to the on-bipolar and off-bipolar cellbe oL = 1/(1+0.33(qL + K10Rod))?

outputs _of the bipolar cglls are then transmitted to the tiamg gv = 1/(1+0.33(qu +K1QRod))2 @)
cells which form the optic nerve. There are three types of gan )

glion cells working in parallel which constitute the paretialar gs = 1/(1+0.33(ds + K20Rod))

pathway (PC pathway) corresponding to the red/green opgne
magnocellular pathway (MC pathway) corresponding to achro
matic signal , and koniocellular pathway (KC pathway) cerre
sponding to the blue/yellow opponency [9]. These threevpayis
are carrying the visual information to the higher levelsha vi-
sual system. In the photopic condition, rod cells totallyeh and
only cones are sensitive to the lights greater thad 1. In the

wherek; is a coefficient which adjust the correct proportion of
rod to cone response, and i € {L,S M} represent the cone re-
sponses. These three regulators will determine the amduiné o
color shift in the opponent color model.

2. Regulators and rod response determine the amount ofrshift
each opponent channel using the following formulas:

mesopic conditions, a gap junction forms between rod ane con M o

bipolar cells [10]. Hence, rods may contribute to all threghp Aog/G = XK1 (P1 — _pZE)QRod

ways through the gap junction. In the scotopic conditioncsi s

the light level is under the cone sensitivity threshold réhis no Aogy = y(%% — PaW)0Rod 3)

cone contribution to the pathways. However, rod photorerep Ao — W

are very sensitive to light such that they can capture evéamgtes Luminance od

photon in a dark situation and amplify it to a perceivabl@oese. W= (GI& +(1-a) L] )

Therefore, in the mesopic condition, rod cells are involiredur max ax

vision by sharing their response with cone cells. wherex, y, andzare free tuning coefficienttnax= 0.637, Mmax=
) o ) 0.392, andsmax= 1.606 are the maximum values of cone funda-

Modeling Blue Shift in Moonlit Scenes mentals [12]; andp and a are fitting parameters set agy =

The first algorithm we are considering is proposed by Khan 1 111 p, = 0.939, p3 = 0.4, py = 0.15 anda = 0.619. W is a
and Pattanaik [10]. Their work aims at modeling the ‘BluefShi  positive value which can be used as a measure of mesopic level
in the dark scenes. Recent findings show that rod cells con-yherew = 0 indicates the fully photopic condition. It is worth

tribute to off-bipolar cells during the scotopic conditiby form- mentioning that the color shifts are nonlinear functiongjsfbut

ing chemical synapses. Based on this theory, to explainltte b |inear functions of rod response.
shift, authors hypothesize that these synapses are jastiisbed 3. The shifted cone responses which have accounted for neesop
between the rod and short type cones. They propose taking thgo|or appearance effects are introduced as a linear cotidyirgt
following steps to calculate the RGB response with bluetshif cone responses and calculated color opponent shift comfmne

1. Given the RGB response, the scotopic luminance valuygs,

are obtained and the adaptation intensity is set@8 6d/m?. G=1[qL gu QS]T + A6

2. For each pixel, the scotopic luminance is plugged in to the (4)
Hunt model introduced for predicting the photoreceptopoese

to the light intensityl and the rod response valuBgq is calcu-
lated.

3. Cone response valud®, Ry, Rs, are assumed zero, since cone
cells do not respond in the scotopic condition.

4. The final scotopic image is obtained by adding 20% of the rod

AG=A"1Ao

whereA is the transformation matrix between the opponent color
space and the corresponding shifted cone response.

Or/G =Gm —GL

response to the S-cone signal and then projecting the tescht oy =Gs— (4L —Gwm) (5)
into the initial RGB space. OLuminance= AL + v
Rs = Rs+0.2Rq ()

iCAMO06 Tone Compression Model for Mesopic Vi-
The way that the authors address the blue shift turns out to besion

adding some blue to the initial image and the output of this-al As we mentioned before, iCAMO6 tone mapping technique
rithm does not look natural and realistic. accounts for mesopic conditions by including the rod respan

its tone compression operator [5]. Keeping the same notaso
Cao Model of Mesopic Vision the original article, we can summarize the model as follows.

Cao et al. proposed a model for mesopic vision based on the 1. The chromatic adapted image is input to the tone compres-
experiments they have conducted [11]. The results implyttiea sion unit and in the first step, this input image is converied t



the Hunt-Pointer-Estevez space. Then the cone resporsebar 3. Then,A(E),r/g(E),andb/y(E) are back transformed to the
tained using the cone response functions introduced by.Hunt XYZ space and then to the RGB space.

R. = A00(RLR'/¥u)P +01 Our Contribution: Spectral Model of Mesopic Vi-
& 2713+ (RLR /Yw)P sion
G 400(F_G'/Yw)P +0.1 Clark et. al. proposed a spectral model for color perception
am 2713+ (FRLG /Yu)P in [1] based on which we introduce a model for mesopic vision.
, 400(FLG' /Yy)P (6) We try to summarize the basic equations in the following.uhss
Ba= 3713+ (.G Na)P +0.1 ing that our measurement is given by:
F|_:0.2k4(5LA)+0.1(1—K4)2(5LA)1/3 r :BAf(A)p(A)dA +v (10)

k=1/(5La+1)
wheref (A) is the spectral profile of the imaging device, @ )
2. The adapted rod response is calculated using the Huntimode is the spectral power distribution avdspecifies the visible light
spectrum range. Then, the normalized response will be:

p
As = 3.05B] 400(FLsS/Sw) 51403 : v
27.13+ (FLsS/Sw) n= / fA)p(A A + 5. 11)

FLs = 3800j%(5Las/2.26) +0.2(1— j2)*(5Lag/2.26) /8 A
Las= 2.26La ) The response is normalized such thga(A) = 1. It has been
- shown that the maximum entropy estimation of the spectnakpo
I= O'OOOOV[(SLAS({?)'ZG) +0.0000% 05 distribution, p{A ), belongs to the exponential family:
Bs= . : A

S 14 0.3[(5Las/2.26)(S/Sw)]03 + 1+ 5[5Las/2.26) p(A) =expg< f(A),0 > —y(0)) (12)

3. The tone compression output is computed as a linear combi-Where<> defines the dot product of vectofgA ) and6; addi-
nation of cone responses and the rod response. It is asshated t tionally, ¢(8) is a normalization function to ensure thap(A ) =

rod cells contribute to all cone responses with the samehigig 1. .Then the normalized measurement estimation can be ebtain
using the following formula:

RGBrc = RGE, + Ag (8)

A= [ 1B, (13)

Shin Color Appearance Model for Mesopic Vision A

Shin et al. proposed a modified version of Boynton two- It is worth mentioning tha® andn are dual coordinate system
stage model with fitting parameters to account for the rodiint  for the exponential family and they relates to each otherks f
sion in the mesopic vision [13]. The parameters of the model lows [14].
is obtained as a function of illuminance based on the asynunet
color matching experimental data. In the experiment, trsenker A= dL/J_(G) (14)
is presented with a Munsell color chip under the mesopic ieond 20
tion in the real world and is asked to match the appearandeabft whereA is a positive definite matrix. Corresponditgyto our
patch with the simulated image reproduced by this modelén th noisy measurement can be obtained by solving an optimizatio
CRT display under photopic condition. The model is intragtlic  problem:
in the following. .
1. The XYZ image is input to the model and is converted to the 6 = argmin{(7 —n)TA(A —n) —yH(6)} (15)
LMS space in the first step. 6
2. The LMS signals are plugged into the opponent channel-equa |n the case of modeling the human visual system, the ti)
tions of the Boynton’s two stage model: will refer to the cone spectral sensitivity. However, as wenm

o tioned before, the model for the mesopic condition will bgtly
A(E) = a(E)Kuw((Lp+Mp)/(Lp+Mp)w) +BE)K(Y'/Y0)Y  different.
I

r/9(E) =I(E)(Lp—2Mp) + a(E)Y’ We should modify the above model to make it appropriate for
b/V(E) = M(E)(Lg+ My — L BE)Y mesopic vision. During the mesopic condition, the cone aid r
/ME) (E)Le p—S) +(E) 9 cells are both responsible for our vision. Hence we can ryodif
©) the initial equation to fit the new situation:
where A(E),r/g(E),and b/y(E) are achromatic, red/green and
blue/yellow opponent responses respectively; indizasdw in- r= 51//\ fe(A)p(A)dA +BZ/AW f(A)p(A)dA +v  (16)

dicate “photopic” and white point”Y’ represents the scotopic . . . . -~ ) )
luminance;a (E), B(E),I(E),a(E),m(E),andb(E) are the fitting WhereW is a diagonal matrix which specifies the relative weight
parameters indicating the relative contribution of themesponse ~ ©f rod output to each cone response. If we simplify the above
to the opponent channels; akg, andK/, are the maximum re- ~ €quation, we end up getting the following relation:

sponse of the the luminance channel at photopic and scatopic .
ditions. =B [ [1eld) +EW G(A)p(Y)dA +v an



whereé = % So, we can say that replacidgA ) with fmedA) =

fe(A) + EW £ (A) will give us the spectral model for mesopic vi-

sion. It is worth mentioning thaf may vary with the luminance
level. However, there is still one point unclear that how yrend

& should be defined. We address this problem using the CIE sys-

tem for the mesopic photometry presented in the followinigr su

section.

CIE System for Mesopic Photometery

CIE have recently recommended a new photometry system

which incorporates the transition of the eye spectral sigitgi

as a function of the luminance level in mesopic lighting dend

tions [15]. The normalized mesopic eye spectral sensifiifes
and mesopic luminancémes is given by:

M(MVimedA) = mV(A)+(1-mV/(A) 0<m<1

683 [ (18)
Lnes= g3 //\ Vined A )Le(A)dA

wherem is a mesopic measure varying in the range [0mMi} O
corresponds to the fully scotopites< 0.005cd/n?) andm= 1
corresponds to the fully photopit.fes> 5 cd/mP); Ag is equal
to 555nnt Le is the spectral radiance W.m=2.sr1.nm1; and,
M(m) is a normalizing function leading the maximum\gfesto

Reference Shin Model Cao Model
|Luminance=l).3{)614| |Mesopic Measure=0.5956
Spectral Model Khan Scotopic Model ICAMOG

Figure 1: A snapshot of the designed system

models in various light intensities simultaneously. Weetaklvan-
tage of CIE system for mesopic condition to calculate theapies
factor and mesopic luminance value. The parameters ofrdiffe
ent models are chosen based on the recommended settings in th
original articles. The parameters of the spectral modepéis

fied as:W = diag([3 3 §) andc = 2. The standard D65 illumi-

be equal to 1. Given the scotopic and photopic luminance val- nant is selected to render the white point. We should note tha

ues, the mesopic luminance can be calculated using anivterat

approach:

m(0) =0.5
Lined ) = m(n—1)Lp+ (1—m(n—1))LsV’(Ao)
e m(n—1) + (1—m(n—1))V/(Ag)
m(n) = 0.767+0.3334logLmeqdn)) 0<m(n) <1

(19)

wheren indicates the number of iteration, av{A ) = 683/1699.

Taking advantage of the CIE system, we can adjust the parame-

ters of the spectral color appearance modeling by introguain
adapting factor as a function of the mesopic measuaraj/e can
define they and& as follows.

y=(1-m)xc

etm_1

(20)
&m=

in implementing iCAMO6, the surround adjustment and calbrf
ness adjustment is disabled, because they do not corregptirel
mesopic color appearance performance of this model. A boaps
of the implemented system is shown in Fig. 1. The upper left
patch is the reference color chip indicates our perceptiothné
fully photopic conditions. However, the rest color patchepict

the chromaticity of the patch under mesopic vision displiaye
the photopic condition (i.e. the intensity of white poinmsipped

to 255.)

In the first experiment, general performance of different
methods is compared relative to each other for a single Musel
patch, called “10gyV60C10". Models are evaluated undeni4 |
minance values ranging from 0.002 to 10@{/n?. Fig. 2 shows
the considered light intensities and the correspondingopies
measure. The chromaticity of the perceived color patch unde
different light intensities for each model is shown in Fig.The
output chromaticity values of the iCAM06, Cao and Khan model
vary along a line; because these models assume that the-rod re

wherec is a constant term serving for tuning purposes. There- SPonse has a linear contribution to the color perceptiompme
fore, the CIE system for mesopic photometry can be exploited €na. It should be noted that the Cao model produces the negati

in the color appearance models underlying mesopic comditio

however, to find the mesopic luminance the major limitation i

that the photopic and scotopic luminance values shoulduengi

Results and Discussion

chromaticity values in the far end of the mesopic region ad s
topic region which are not feasible. As we go further through
the mesopic region, the outputs chromaticity of iCAMOG, r&hi
and spectral models tend more towards the achromatic percep
tion, however, Khan model leads to bluish perception. Meeeo

In this section, we consider the experiments conducted toit is worth mentioning that the iCAM06 model does not coneerg

compare different models and discuss the obtained resuiltisis
regard, we have designed a software including all the aferem
tioned models together with the proposed spectral coloeapp

ance model. Using the software, we can simulate the Munsell

to the same color perception as the rest of mesopic modeigin t
fully photopic condition. This fact is due to a weak tone coesp
sion technique involved in this method.

Table 1 tabulates the mean mutual color difference computed

patches surrounded with a white background viewed under dif for all the model pairs using the CIELAB color difference for

ferent light levels from scotopic conditions to the fullyqibpic
situations. The aim of this system is to provide a uniquerenvi

mula. The aims of using Table 1 are twofold: first, to compare
different models with each other and second, to prove thg-fea

ment in which we can compare the output of different mesopic bility of our model. About the first target, we can say thatrghi
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Figure 2: Luminance values and the corresponding mesopie me Figure 4: Investigating the effect of adaptation term ingpectral
sure considered in this experiment model: Red circles indicate the output of spectral modelrwhe
y =2 and no adaptation term is used, while blue circles depéct th

0.48 spectral model with the same adjustment as the first expatime

| =10,100,1000
0.46 - 4

044 however, we have confined ourself to the three models whigh ar

producing closer outputs. The list of the Munsell color pat
involved in this experiment can be found in Fig. 5. First, we
investigate the effect of selecting the mesopic measurenas a
adaptive factor in the spectral model. Fig. 4 shows the agase i
which a spectral model without using the mesopic measure in
the y adjustment is compared with the spectral model introduced
in the prior experiment. This figure shows that without using
‘ ‘ . the mesopic measure, this model can not deal with the photopi
b Wm0 situations satisfactorily and reproduced colors appeay ve

Figure 3: Outputs of different mesopic or Scotopic modetsafo desaturated. Mean mutual color differences are calculfated

le Mupsell patc i t liaht i iti the three selected models where the spectral is substitithd
%}3 &M I(}Isélan MG {agf‘ggl{ Plfrer ey G ehe M&sopic models the non-adaptive version (see Table 2). The results im@y th
under given luminance values

the non-adaptive spectral model distances from the other tw
‘ H Shin ‘ Spectral‘ iCAM ‘ Cao ‘ Khan ‘ models: iCAM and Shin.

042 -

041

= 038

036

—&— ICAMO6 LL:l] 043
Khan

—+—Cao
Shin

—&— Spectral

0.34 -

0321

031

L L L
0 0.05 0.1 0.15

Shin 0 9.14 1015 | 256.33 24.75 Table 2: Mean mutual color differences are calculated ferctse
Spectral || 9.14 0 1578 | 254.48| 21.64 that the spectral model does not include the adaptive term as
iCAM 10.15 15.78 0 254.07 | 24.53 function of the measupic measure
Cao 256.33| 254.48 | 254.07| O 240.07 \ H Shin \ Spectral\ iICAM \
Khan 24.75 21.64 2453 | 240.07 0 Shin 0 17.91 10.62
Spectral (no adaptation)) 17.91 0 23.24
iCAM 10.62 23.24 0

iICAMO06, and spectral model are fairly close to each otherdiAd
tionally, based on the fact that Cao generates invalid chtimity
responses and Khan model does not include the mesopic yision
we may expect large color differences between the mentiahed
gorithms and the Shin, spectral and iCAM06 models whichrare i
tuitively or experimentally logical. If we accept that Shimodel,
which is verified using experimental data, as our referemee;
can say that spectral model does fairly well in terms of model

Second, we compare the performance of the three selected
mesopic models dealing with 10 different patches under 14 di
ferent light intensities shown in Fig. 2. Fig. 5 depicts tksuit.
Bear in mind that in the scotopic range, our work and the iCAMO
model give rise to, more or less, similar achromatic peioapt
however, the Shin model tends towards a greenish percelpain t

ing mesopic vision. The most significant difference betwieath condition.
spectral and Shin models and the iCAM model is that the fosmer
treat the rod response in a nonlinear way while the latterrass Conclusion

a linear contribution of the rod response to the mesopionRisi In this work we discussed different mesopic color appear-
Bear in mind that the linear assumption holds for Cao and Khan ance models and tried study them from different points ofvsie
models either. generality, feasibility, and performance. Additionallye tried

In the second experiment, we have done the same evaluatiorto evaluate one of the most well-known tone reproductiorhmet
process as the first experiment over a set of chosen Munsellods, iCAMO6, in terms of the mesopic color reproduction gual
patches (as Shin suggested in [13]) covering various hulesing ity. We tried to answer the question that to what extent the em
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ployed rod response in the iCAMO6 give rise to realistic pprc
tion and to what extent the mesopic model involved in thaeton
mapping technique is correct based on the existing coloeapp
ance models for mesopic conditions. However, before answer
those questions, we should realize that to what degree thentu
experimental data is reliable. If we assume that the Shiermxp
ments are fully correct, then apparently, we should act¢eptact
that rod cells contribute to the cone cells in a nonlinear.wathe
other hand, the Cao model suggest a linear contribution frem
rod cells to the mesopic vision. However, our work showed tha
the Cao model bring about the infeasible chromaticity vahuear
the scotopic region, which puts this model under questiooreM
over, the Khan scotopic model is not generalizable to theopies
and photopic situations and results of this model turn ouieto
unrealistic. Now, we can go back to our posed question argkjud

the iCAMO6 model based on the results we obtained in this pa- [7]

per. This model is closer to Shin and spectral models rattzer t

Khan or Cao models. However, iCAMO06 has some clear flaws

like: iCAMO6 tone compression operator assumes that thalqu
weighted rod response is added to the entire cone respamsas a
a linear way which both turn out to be untrue. As we saw, the pro

posed spectral mesopic model works very close to the iCAM06

and Shin models. Our model is inspired from current themies
the mesopic vision, is intuitive, works under scotopic amad-p
topic situations as well as the mesopic region. The speativdel

is one of the first works which takes advantage of the recently
posed CIE system for the mesopic vision. Likewise, the spkct
model gives us an estimated power spectrum for the falld lig
on the photoreceptor which can be exploited for obtainiegstto-
topic luminance value. Obtaining the scotopic luminanceeic-
essary for the most color appearance models which invobas r
cone interaction; however, without knowing the power speut
of the illuminant, computing the exact amount of this quans
not possible. Hunt proposed an approximate formula cdiogla
the scotopic luminance of illuminants based on their phictap
minance values [16]. Itis shown that for the equi-energyslis,
Ls = 2.26L, whereL andLs are the photopic and scotopic lumi-
nance respectively. Although, in the real world, we neveeft
the perfect equi-energy stimulus, most of the non-speotiad-
els for mesopic vision rely on this approximate formula tothe
scotopic luminance. Finally, using the spectral method came
handle the noise effect in the images which is the subjecitef-

est in many color image processing applications. The sstudes
results of experiments indicated that the spectral modeahdagh
potential to become a part of current tone mapping techsique
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