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Abstract
While for many years achromatic contrast sensitivity has

been widely studied by different research groups from various
fields of work, the same attention has not been paid to chromatic
contrast sensitivity. Due to the challenging nature of contrast
sensitivity tests even the limited number of studies in the field do
not agree on different issues. In this work, through a subjective
test, we aim to further investigate the relationship between the
chromatic contrast sensitivity for the red-green channels in the
vertical (0◦) and oblique (45◦) orientations. The results show
that the contrast sensitivity between the two different orientations
is similar.

Introduction
The Human Visual System (HVS) has long been an interest-

ing topic of research for different scientific communities. This
inter-disciplinary field of work has not only attracted research
groups such as psychologists, cognitive scientists, and neuro-
scientists but also researchers in fields such as computer vision,
image processing, and color science. The fundamental research
done on the HVS along with the inter-disciplinary nature of the
research has made any advancement in this field of knowledge
important for different research communities.

Among different topics addressed in research on the HVS,
dealing with different aspects of contrast in an image (such as
evaluation, enhancement, and modeling) especially with regards
to chromatic contrast in the HVS is of high interest for differ-
ent research groups. Possible applications of such research espe-
cially in the field of computer vision and image processing are
objective image and video quality assessment, image and video
compression, gamut mapping, and halftoning [1, 2, 3, 4]. In all
such applications researchers try to model the HVS in the best
possible way to provide an accurate method and approach. In
this work through a subjective test we aim to compare the chro-
matic contrast sensitivity for the red-green color channels in the
vertical (0◦) and oblique (45◦) orientations.

This paper is organized as follows. First, we present rele-
vant background including state-of-the-art. Then we introduce
the experimental procedure, followed by analysis of the results.
At last we conclude and propose future work.

Background
As like any other subjective term, various description of

contrast, such as the difference in visual properties which makes
an object distinguishable, or the difference between light and
dark part of an image has been used to describe contrast [5]. An
image with low contrast corresponds to an image with a flatter
picture while an image with a high contrast represents a deeper
picture [6]. Properties such as the viewing condition (viewing
distance, lightning conditions, viewing surround, etc.) along

with the resolution of the image, and image content are believed
to play an important role in the perception of contrast [5].

Our ability to perceive the difference between luminance
levels in an image is measured by contrast sensitivity while the
relationship between contrast sensitivity and spatial frequency is
defined as the Contrast Sensitivity Function (CSF). It is impor-
tant to point out that the contrast sensitivity does not only vary
between observers, but it also changes over time and spatial fre-
quencies [7]. The CSF is different between chromatic and achro-
matic stimuli, and while the achromatic CSF has been studied in
detail [5, 8, 9], not much attention has been paid to the Chro-
matic Contrast Sensitivity Functions (CCSFs). Contrast masking
is another visual phenomenon closely linked with CSFs, where
a certain region of an image can hide information or distortions
better than other regions [10]. It has been stated that the lack of
models of the CCSF (including contrast masking) for simulating
these aspects of the HVS is one of the major reasons why image
and video quality metrics cannot predict perceived quality [11].
Accurate models of the HVS is considered as one of the funda-
mental unsolved challenges in the field of image quality [11, 12].

CSFs are the bases for most methods which take the HVS
filtering into account. CSFs are commonly performed on op-
ponent color channels in which the sensitivity to luminance and
the two opponent color channels (red-green and blue-yellow) are
measured [13, 14]. As mentioned earlier, a huge number of re-
searches have focused on specifying the achromatic CSF, while
only few have worked on CCSFs [11, 14, 15]. One of the first
but most important works on CCSFs was performed by Mullen
[13]. In this work, after pointing out the fact that there is no ade-
quate and global definition of color contrast for all color combi-
nations, through various observation tests different relationships
between monochromatic and CCSFs is also pointed out. John-
son and Fairchild have provided a great review on some of the
most well-known CSFs in which they point out that many CSFs
are implemented in the frequency domain [16]. They start by
mentioning that the opponent color space used in the S-CIELAB
model [17] seems to be a good starting point for contrast sensitiv-
ity modulation which are based on the pattern color separability
experiments introduced by Mullen. They point out that using the
sum of two Gaussian functions fitted previous works well and
move on to propose new CCSFs. In their work, Johnson and
Fairchild also emphasize on the fact that orientation selectivity
plays an important role in CSFs. Furmanski and Engel stated
also the same [18]. To a human observer, horizontal and vertical
lines are more visible than diagonal ones. The so-called oblique
effect has been known for many years, where the contrast sen-
sitivity decreases considerably for oblique ratings. Experiments
have shown contradictory findings for whether this oblique ef-
fect exists for chromatic gratings or not. Kelly [9] found that the
oblique effect is not evoked by the chromatic gratings. However,

© 2019 Society for Imaging Science and Technology

22527th Color and Imaging Conference Final Program and Proceedings

https://doi.org/10.2352/issn.2169-2629.2019.27.40



(a) .1 CPD (b) .18 CPD (c) .32 CPD (d) .56 CPD

(e) .1 CPD (f) 1.78 CPD (g) 3.16 CPD

Figure 1. Seven different spatial frequencies used in our experiments.

(a)

Figure 2. Experimental setup. A large black cardboard with a circular

opening covering the display to avoid the observer from seeing what orien-

tation the display was tilted at.

experiments carried out by Murasugi and Cavanagh [8] found
evidence for orientation selectivity in the chromatic channel. Re-
sults by Reisbeck and Gegenfurtner [19] show an oblique effect
for the orientation discrimination of isoluminant gratings, and
that it is as strong as for luminance gratings. There is clearly a
need to accurately define CCSFs.

Xu et al. [20] measured the CCSF along six different
chromatic directions at two different background colors. They
used horizontal and vertical spatial orientations for the chromatic
stimuli defined in the CIELUV color space and up to 3.84 Cycles
Per Degree (CPD). The results from the experimentation showed
that the HVS is least sensitive to a chromatic modulation oriented
at around 120◦ from the positive a∗-axis in the CIELAB color
space. An extension of this study was done by Kitanovski et al.
[21], where they did measurement of CIELAB spatio-chromatic
contrast sensitivity in different spatial and chromatic directions.
In their experiment they used five different spatial frequencies
(up to 19.1 CPD), in which a Gabor stimulus was modulated
along six different chromatic directions in the a∗-b∗ plane of the
CIELAB color space. Their results showed lowest contrast sensi-
tivity in the chromatic direction of around 120◦ from the positive
a∗-axis, similar to Xu et al. [20]. They also showed that the
contrast sensitivity in the diagonal spatial orientation is to some
degree lower compared to the vertical orientation.

Experimental procedure
Similar to most other such datasets we used a horizontal

sine-gratings [22, 23, 24]. Seven different frequencies (Figure 1)
was evaluated in our experiments. The contrast sensitivity was
measured in two different orientations, vertical (0◦) and oblique
(45◦). For the oblique orientation the monitor was physically ro-
tated to 45◦. To remove external visual cues about orientation
a large black cardboard with circular opening in the center was
placed in front of the display (Figure 2). The circular opening
covered only the displaying area, and it had a diameter of 34
visual degrees. To keep the viewing distance constant over the
long duration of the test the observers were asked to keep their
forehead on the ribbon crossing the table. For displaying the red-
green ((0.68,0.31,19.11) and (0.22,0.69,54.4) respectively in the
CIE xyY color space) gratings we used a 10-bit Eizo LCD Color
Edge CG246 display which was calibrated to the Adobe RGB
profile using an i1pro spectrophotometer. Prior to selecting the
display, a spectroradiometer was used to check the color unifor-
mity of the different displays. In the case of the selected display,
while non-uniformity was observed when comparing the center
of the display to the edges of the display, the central circle which
we use in our experiment is nearly uniform. An observation dis-
tance of 86 cm was used in the experiment.

For each spatial frequency, over 100 trials of the QUEST
method [25] was performed to find the exact threshold. 25 differ-
ent regions on the display is predefined in the experiment which
the observers are not been informed about (Figure 3). At each
trial the red-green grating is shown on one of the 25 different
regions which is selected randomly. The observer is then asked
to click on where he/she sees the grating at. Based on an au-
dio feedback, after each click the observer will be informed if
the correct region in the display is selected or not. Depending
on the correct or wrong answer the observer gives, the QUEST
method is then used to calculate the degree of contrast for the
next grating (Figure 4). Simply said, a correct answer will de-
crease the contrast value while a wrong answer will increase it.
While the response time for each trial is recorded by the program
the observers are given no time limits and can look for the patch
as long as they need. On average, it took observers an average
of half an hour to complete 100 trials for a single orientation for
each frequency. To complete the test observers attended the test
over a duration of days. 100 trials for each frequency were used
to ensure convergence of the results and reduce the variability in
the results.

At the start of each session the observer spends a few min-
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Figure 3. 25 possible locations for the grating to be shown on the display. You can see the grating in the central box.

utes in the room to adapt him/herself to the viewing conditions
and the darkness of the room. Before starting the test and at the
first session an isoluminance test [26] is performed for each ob-
server using the same gratings and frequencies in the test. This
will allow us to make the necessary changes in the luminance val-
ues for each observer so that the gratings look visually similar for
all participants. The test starts with the grating having the highest
possible contrast to the neutral (grey) background (Figure 3) so
that the observer has an understanding on how the grating looks
like (Figure 4). After each click there will be a two second break
before showing the next grating. The break is done automatically
by showing a neutral background with a white + sign shown in
the middle of the screen. This will also remove any possible af-
ter images from the previous grating shown. All seven observers
completed all the seven frequencies in the vertical orientation be-
fore moving to the oblique orientation. The order that gratings
with different frequency is shown to each observer is random-
ized so that no two observers evaluate the gratings in the same
order while at the same time keeping the order constant for the
vertical and oblique orientation for each observer.

7 observers (5 males and 2 females) conducted the exper-
iment in the vertical orientation and 6 observers (4 males and
2 females) conducted the experiment in the oblique orientation.
Apart from these observers others also participated in the experi-
ment but since they did not finish the experiment their results are
not included in this study. The average age of the observers was
around 29 years old.

Results
To evaluate the results we assume the final contrast value of

a correctly detected grating as the contrast sensitivity value for
each spatial frequency (Figure 5). Observing the contrast sen-
sitivity values between different observers in both vertical and
oblique orientations show similar band-pass shape in log-log co-
ordinates. This is similar to what was previously reported in
[27, 28, 29]. The average contrast sensitivity for 0◦ and 45◦ ori-

entations based on the average observer results in similar looking
curves (Figure 6 and Table 1). We should point out that the lines
connecting the points in the figure are not fitted to the data points
but only connecting the points itself. In the case of oblique ori-
entations while a lower standard deviation among the contrast
sensitivity is seen in higher spatial frequencies, low spatial fre-
quencies also show close contrast sensitivity values between dif-
ferent observers (Table 1).

Conclusion and future work
In this paper, using a subjective test we showed that the

chromatic contrast sensitivity for the red-green channels in the
vertical (0◦) and oblique (45◦) orientations are similar. We col-
lected subjective data for seven observers which to the best of
our knowledge makes this dataset one of the largest in its field of
work.

For future work we plan to increase the number of observers
in the dataset and perform an in-depth analysis of the subjective
data collected.
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when the observer is not able to detect the grating. A zoomed in version of the region in the red ellipse is also shown in the figure.
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