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Abstract
Many algorithms have been proposed in the literature to solve the problem of mapping tones fromhigh dynamic
rangesources to low dynamics displays, while preserving the information conveyed by the original scene. Methods
and tools to evaluate the performance of tone mapping algorithms are needed. Some experiments have recently
been presented involving human observers. In this paper, we propose method not relying on human scoring. Well-
illuminated reference pictures of challenging scenes are captured and used as references. Low-quality shots of
the same scenes are enhanced using some tone mapping algorithms and the outcome is compared to the reference
images using a standard colour distance measure. The results clearly favour the more sophisticated local methods.

Categories and Subject Descriptors(according to ACM
CCS): I.3.3 [Computer Graphics]: Viewing Algorithms

1. Introduction

A number of software techniques and hardware devices
have recently been devised to acquire pictures whose dy-
namics can be of several orders of magnitude greater than
that of common displays. The dynamics of rendered syn-
thetic scenes can be even higher. Many algorithms have
been proposed in the literature to solve the problem of map-
ping tones fromhigh dynamic range(HDR) sources to low
dynamics (LDR) displays, while preserving the informa-
tion conveyed by the original scene i.e., the impression of
“being there” [JW97,TT99,FCM00,Ash02,DD02,PY02,
FLW02,RSSF02,LSC04,PSUJ04,RGM04,MCR04,IMR05,
KMS05]. Although most of the existing techniques rely
on common features and produce slightly different results,
putting the stress on some specific image features they pre-
serve or enhance certain features more then others. There-
fore, there is no all-purpose method to evaluate the outcome
of tone mapping algorithms.

Some studies [DMMS02] use preference and similarity
between tone-mapped images expressed by observers to rate
operators. However, we cannot rely on visual observation to
rate the quality of tone-mapped images without any refer-
ence scene. Even if HDR displays have been used to eval-
uate tone mapping techniques [LCTS05], this method can

only cope with scenes whose dynamics fits in the displayable
range of the HDR device. Moreover, and most important,
the display should first be validated against reality. In order
to overcome these limitations, tone-mapped images can be
evaluated against the corresponding real scene [YBMS05].
However, psychophysical data shows that the immersive vi-
sual experience of everyday life is much richer than a dis-
played scene, however high the dynamics of the display
might be. Peripheral effects, of which little is known, can
affect the global impression conveyed by a real scene. Ac-
quisition devices do not capture these contributions. Hence,
the evaluation rating can be biased by external uncontrol-
lable factors.

Due to the low reproducibility of such experiments and to
the difficulty in setting them up, we focused on evaluation
methods that do not rely on user observation. General image
quality measures compute the similarity between the origi-
nal and processed images. Although they proved useful for
evaluating the loss of information due to lossy compression
or noise corruption, they are of little use to compare tone-
mapped images. More sophisticated measures try to mimic
the behaviour of the human visual system (HVS) [WB02]
or evaluate contrast enhancement capabilities of the tone
mapping operators [IUR05,UIR05]. In general, there are
two main reasons why these image quality measures are not
suitable to our purpose. First, they favour algorithms which
produce little image variations, since they penalise pixel-
wise differences between the original and processed images.
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(a) Reference image (IR). (b) Badly illuminated image
(IB1).

(c) Worse illuminated image
(IB2).

Figure 1: Some test pictures used in our experiments.

However, it is very likely that tone mapping algorithms intro-
duce distortion and vary consistently the overall luminance
of the image to preserve image details. Second, the reference
image (HDR) and the processed image (LDR) have different
dynamics, thus comparing them is not obvious. Moreover,
most of these measures are not suited for colour images.

In this paper, we propose an experiment to eval-
uate tone mapping methods by comparing enhanced
test images to a well-illuminated reference image. The
CIEDE2000 [LCR01] colour distance measure is used to
keep into account human colour perception.

2. Experimental Setup

In our experiment, we consider a number of colour images
that contain wide under- and over-exposed areas. For each
scene, we acquired a well-illuminated reference image,IR,
and a number badly-illuminated ones,IBi . All the scenes
were acquired by putting the camera in front of a window
in daylight, in a room illuminated with a neon diffuse light.
A bright light source was also placed on one side of the cam-
era, pointing at the scene. For each scene we took three shots
using, respectively, the bright source and the neon light (IR,
Figure1(a)), the neon light only (IB1, Figure1(b)), and no
artificial lights at all (IB2, Figure1(c)). The acquired pictures
were processes using a commercial tool to reduce the effects
of the colour temperature of the illuminats. The objective of
this experiment is enhancing the imagesIBi in order to obtain
imagesIPi that are as close as possible toIR. The underlying
idea is that an enhancement technique should compensate
for the illumination changes all over the image, as if it were
acquired under good lighting conditions. The scene in Fig-

(a) IB1 (b) IB2

Figure 2: Images obtained processing the test pictures, us-
ing our algorithm.

ure1 is challenging, since the window has approximately the
same illumination in all the images, while the inner illumi-
nation is quite different. We expect that locally-adaptive al-
gorithms outperform global methods, since the latter cannot
use different illumination corrections for the window and the
inner side of the room. The corresponding enhanced images
are shown in Figure2.

3. Tone Mapping Operators

We used the experimental setup described in Section2 to
evaluate the performance of a few tone mapping methods.
Here, we present the evaluation results for two simple meth-
ods: gamma correction and histogram equalisation. More
sophisticated algorithms to reduce the dynamics of pic-
tures also exist [JW97,TT99,FCM00,Ash02,DD02,PY02,
FLW02,RSSF02,LSC04,PSUJ04,RGM04,MCR04,IMR05,
KMS05]. Most of them are based on the observation that the
radiance that hits the lens of an acquisition system is given
by the interaction between the illuminant radiation and the
reflectance of objects in the scene. Making some simplifica-
tions, we can write

I(x,y) = L(x,y)· R(x,y) , (1)

whereI(x,y) is the image acquired by the sensor,L(x,y) is
the irradiance of the illuminant, andR(x,y) is the reflectance
of the material of objects in the scene. The idea is to re-
duce the dynamics ofL(x,y), while preserving the detail,
R(x,y). Since we know onlyI(x,y), a method to estimate
L(x,y) is needed. Observing that the illumination usually
varies slowly across the scene, save along strong bound-
aries,L(x,y) can be estimated fromI(x,y) using an edge-
preserving smoothing filter. GivenI(x,y) and the estimated
illumination L′(x,y), the reflectance,R′(x,y), can be com-
puted using Equation1. The dynamics of the estimated illu-
mination,L′(x,y), is reduced using an attenuation function,
such as a gamma correction. The compressed illumination,
L̂(x,y), is put together with the reflectance to obtain the low-
dynamics image,̂I(x,y) = L̂(x,y) · R′(x,y). The reflectance,
R′(x,y), can also be boosted to enhance detail.

Among these algorithms, we test only the one proposed
by Marsi et al. (locally-adaptive-HDR-reductionalgorithm,
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LAR) [MCR04,IMR05]. We are planning to use our exper-
iment to evaluate the performance of other well known tone
mapping operators. In the algorithm by Marsi et al., the illu-
mination is estimated using an IIR edge-preserving smooth-
ing filter. The estimated illumination is gamma corrected.

4. Colour Images

The algorithm described so far is intended for greylevel im-
ages, since it processes a single colour channel. In this sec-
tion, we study some colour mapping techniques and colour
spaces in order to process colour images.

Several different colour models have been proposed in the
literature [Fai05] but there is still no widely accepted model.
Moreover, people working in the field of image enhancing
and high dynamic range reduction tend to be vague about
how they treat colour in their algorithms. In order to choose
a colour mapping technique that fits well our needs, we made
some experiments on colour mapping methods. Different
colour models were compared using the CIEDE2000 colour
distance measure [LCR01]. We favour the colour model
showing the minimum distance value. Since the CIEDE2000
measure is point-wise, we compute the mean of the pixel dis-
tances in order to have a single value for the whole image.

There are two main methods in the literature to process
colour images. Either we process all the colour channels,
or a single luminance channel is processed and then the
colour channels are added back. One of the most common
approaches is to process the three RGB channels separately.
Each colour channel is processed using the same algorithm,
without using any information from other channels. Then,
the three colour channels are simply put together for visuali-
sation. We would expect to get false colours due to colour
shifting, since the RGB channels are not statistically un-
correlated. Though, in our experience the colours are rep-
resented correctly. Another common approach is to process
only the luminance channel, extracted from the RGB triplet.
The colour is then added back using one of two methods.
Either the chrominance channels are left unchanged (e.g.
L*a*b*) or a suitable correction is made, based on the lumi-
nance channel. A function to map colours using luminance
is:

C′
i =

(
Y′

Y

)s

·Ci (2)

whereY andY′ are the input and output luminances, and
Ci andC′

i are the input and output tones for thei-th colour
channel. Finally,s is a parameter used to tune the gain in the
brightness and saturation of colours, and usually ranges in
(0,1]. This methods is simple and it is faster than the pre-
vious ones, since it processes only the luminance rather the
three RGB colour channels. Anyway, it is not mathemati-
cally sound since, fors 6= 1,Y′ =Y does not implyC′

i (x,y) =
Ci(x,y). This does not happen using luminance/chrominance
colour spaces and processing only the luminance, leaving

method distance
RGB 91.41

Y 90.14
L*a*b* 86.93
HSV 103.2

Table 1: Distances measured between the reference image
and the output images for different colour mapping methods.

unchanged the chrominance channels. In our experiments,
we used the L*a*b* and HSV colour spaces.

The mean distance values measured are reported in Ta-
ble 1. As the table shows, there is no significant difference
between the methods tested. Hence, we prefer the L*a*b*
space since it is technically sound and does not duplicate
burdensome computation as the RGB mapping.

5. Experimental Evaluation

We tested three enhancing methods: histogram equalisa-
tion, gamma correction, and the LAR algorithm. For each
method, we compute the (point-wise) CIEDE2000 colour
distance with respect to the reference image,IR. As we do
in Section4, we also compute the mean of the distances
computed for single pixels. The results are reported in Ta-
ble2, while the corresponding images are shown in Figure3.
The greylevel pixel map encodes the distance between the
original and the processed images, using a ramp where dark
intensities represent low distances and bright pixels corre-
spond to high distance values. Notice that the range of the
distance values is too wide to be visualised as it is. Hence,
we clamp low and high values to a suitable range for dis-
playing. In the following, we assume that our images range
in [0,1].

The figures show that all the methods perform equally
well in the sky area, since it is bright and has low contrast
(i.e. no enhancement is needed). At a first glance, the his-
togram equalisation (Figure3(a)) seems to produce the best
results since the output image is bright and well contrasted.
However, false colours are generated, mainly around the
window. This colour shift is captured by the distance mea-
sure, that correctly scores this method as the worst. More-
over, the outer scene is strongly brighten up, so that many
details are lost. The distance images for the other methods
are similar. However, the distance image computed for the
gamma correction (Figure3(b)) has a higher contrast than
our method. This means that the distance is higher around
edges. Hence, either the detail is not well exploited (in fact, it
is reduced) or artifact are generated around edges. This effect
is less visible in the local method. This suggests that edges
and details are better preserved by methods based on intrin-
sic images. These observations are more evident in the close-
ups of Figure3. Histogram equalisation deviates completely
from the reference image, while the other methods are more
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(a) Histogram equalisation. The distance is equal tod = 271.0.

(b) Gamma correction (γ= 0.55). Distance:d = 97.21

(c) Our algorithm, using our edge-preserving low-pass filter.d = 91.37

Figure 3: Images processed using different methods. The mean distance of the test picture in Figure1(b) is also shown. Dark
intensities indicate a lower distance, thus the darker the better.

robust. Moreover, the distance image corresponding to our
method is more blurred, thus the error around edges is well
distributed. This is a nice property because it means that the
details are better exploited. The gamma correction does not
show this behaviour.

Our experiments show that separating the input image in
its illumination and reflectance components worths the com-
putational overhead of estimating the illumination. To give
some more evidence of this, we try plot in Figure4 the dis-
tance measure computed using a gamma correction with dif-
ferent values of gamma. Two different plots are shown for
low and high frequencies. As the figure suggests, the opti-
mal gamma value used to correct the illumination is signif-
icantly lower than the value used to adjust the reflectance
component. This is mainly due to the nature of our test im-
ages (refer to Figure1(b)). Basically, the algorithm tries to
improve the visibility in dark zones using a strong correction
by means of a low gamma (recall that we assume that our
images range in[0,1]). Conversely, the reflectance should be
only slightly enhanced to avoid amplifying the sensor noise.
Hence, separating the illumination and reflectance compo-
nents gives an additional degree of freedom in the choice of
parameters, that might yield better results than directly op-
erating on the intensity values of the image.

Figure 4: Plot of the gamma functions that minimise the low-
pass and high-pass images. The optimal gamma for low fre-
quencies is significantly lower than the optimal one for high
frequencies.

Finally, Table2 shows some distance measurements, com-
puted as the mean CIEDE2000 distances between corre-
sponding pixels. We report the mean distances computed for
the original image, histogram equalisation, gamma correc-
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method distance (IB1) distance (IB2)
original 472.0 1112.0

histogram equalisation 271.0 403.0
gamma correction 97.21 233.0

LAR 91.37 197.2

Table 2: Distances computed between the reference image,
IR, and the output images, IB1 and IB2, for different methods
(see text).

tion, and the LAR method. Clearly, the local method outper-
forms global ones. This is even more evident in challenging
situations (e.g., the imageIB2).

6. Conclusions

We have presented an experiment to evaluate the perfor-
mance of tone mapping techniques that does not rely on
human observation. Well-illuminated reference pictures of
challenging scenes are captured. Then, some low-quality
shots are acquired and enhanced using some tone mapping
algorithms. The outcome is compared to the reference im-
ages using a standard colour distance measure. The results
suggest that the chosen local method outperforms simple en-
hancing methods such as histogram equalisation and gamma
correction.

Our choice to avoid human scoring is justified by the diffi-
culties of setting up experiments involving human observers
and by other technical considerations. We plan to use our
experimental setup to evaluate the most common state-of-
the-art tone mapping operators.
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