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Abstract

The quality of the displayed image in mobile devices is
affected by the varying ambient illumination conditions.
Determining appropriate viewing conditions for particular
visual tasks requires appropriate instrumentation. However,
visual tests can be more practical. We conducted experi-
ments to explore the limitations of mobile displays in terms
of the visibility of subtle targets. We explored the effect
of background luminance and ambient lighting using two
methodologies: a text detection task where the observer
identifies characters embedded in noisy backgrounds and a
threshold estimation staircase technique. We found that the
text detection method holds promise as a surrogate for more
complicated tests in the framework of a clinically practical
implementation.

1. Introduction

Mobile devices possess extensive portability incentives.
Any application ported to such devices can bring maximum
availability to users. Physicians could make use of these
devices in emergency situations and remote environments.
However, the use of these devices to interpret medical
images raises many questions that must be answered before
their use becomes widespread. It has not yet been demon-
strated that mobile displays provide accurate and quality
information to the user for correct decision making based
on imaging data.

Desktop display systems have been extensively analyzed
[1, 2]. Park et al. [3] analyzed mobile displays under
different viewing conditions to show how the CIECAMO02
model can be adopted under different ambient lighting con-
ditions. The authors also showed that the screen luminance
differs under different ambient conditions and proposed an
enhancement model to compensate for that distortion. Kim
et al. [4] discussed factors affecting the subjective image
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quality measures including clearness, naturalness, sharpness
and colorfulness for liquid-crystal displays. However, to
date, objective assessment of how ambient illumination
conditions affect visual task performance has not yet been
reported.

In this paper, we study the effects of ambient conditions and
image background luminance on detection performance.
We introduce a novel methodology based on embedded
text detection as a practical methodology which can be
applied to multiple devices and any illumination condition.
To provide some validation for the novel methodology, we
compare data from a staircase sensitivity experiment with
results obtained using the faster text detection experiment.

2. Methods

All our experimental methodologies present a human sub-
ject with a detection task. All these tests were conducted
using the Nexus One active-matrix organic light-emitting,
mobile display device with a 3.7 in. screen with 480 by 800
pixels.

The observer experiments were conducted for three lighting
conditions, bright (~80,000 Ix), average (~450 Ix), and
dark (< 1 1x), and five background luminance levels. Each
of the five luminance classes represent a subset of the gray
levels with a class interval of about 51 gray levels each
(0 - 51, 51 - 102, 102 - 153, 153 - 204, 204 - 255). All
observers were seated in the particular ambient condition
for 10 minutes before conducting the experiment. The set of
observers included two females, ages 23 to 25 with perfect
vision, and one male, age 25, with corrected vision. These
fully informed observers were allowed test trials before
conducting the actual data gathering experiments.

Method Observers Illuminance Trials Backgrounds Views
Staircase 3 3 35 5 1575
DENOTE 3 3 10 5 450
SKEWS 3 3 10 5 450

TABLE I: Number of observations for all experiments.

Table I presents the number of total observations conducted
for all the experiments presented in this paper. Three
observers performed the experiments in 3 illumination
conditions simulating dark, indoor office (“average”) and
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Fig. 1: Image samples for the DENOTE method for each of
the five luminance classes.

Fig. 2: Image samples for the staircase experiment from
each of the five luminance classes. There is a reference
signal on the top left while the signal in the image center
is embedded within the background noise.

outside (“bright”) environment with 5 background lumi-
nance classes. The number of trials present in Table I
are the repetition of one particular experiment where all
other factors are kept constant. Thus the total number of
observations conducted for a particular method is a multiple
of values in a row of Table I. In addition we developed a
Signal Known Exactly (SKE) with search (SKEWS) to test
visual search tasks on mobile displays. The significance
of this experiment and its results are presented in the
discussion section. The techniques were implemented as an
application using Java and the Android SDK 2.2 that can
be ported to any tablet/mobile/device running the Android
OS.

2.1. Noise-embedded text detection

The methodology we introduce in this paper is the DEtec-
tion of NOisy TExt (DENOTE), a practical way to run a
self-contained experiment to judge the current device and
ambient conditions for image reading tasks. This method
is based on CAPTCHA and the Ishihara vision test [5].
CAPTCHA is a visual test used in computer security while
the Ishihara test is used to check for an observer’s color
blindness. In this method, a word is distorted by immersing
the characters in a noisy background and adjusting the
contrast appropriately (see Fig. 1). The observer is asked
to identify four alphanumeric characters displayed in the
middle of the screen with no time limitations. A percent
correct measure is used for the analysis. This proposed
method is easy to set up, provides the observer with a
simple task with an execution time of less than 2-3 minutes,
which is be practical for a clinical reading condition.
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The results from this type of experiment cannot be used for
statistical modeling with much confidence but will offer an
approximate assessment for any mobile device in different
ambient lighting conditions. For this experiment, the mobile
device was not stationary; the user was allowed to move
the device at will and identify the text on the screen. Four
characters were displayed randomly on the screen from
a dataset including the characters A-Z, a-z, 1-9. Certain
characters that might cause confusion for the observer
and present unnatural variability in the results, such as
0’ and 'O’ or 'I’” and ’I’ were not used. The character
amplitude chosen for the embedded text was fixed at 15
gray levels. The user response was recorded and compared
to the displayed word. A simple success ratio was generated
to gauge user performance. The results are assessed on
a binary scale. The observer achieves success only if all
four characters in the image are correctly identified. In our
analysis, all the other answers are considered incorrect.

2.2. Threshold estimation with staircase

The staircase method is a well understood methodology
frequently used for estimating thresholds in sensitivity
experiments and detection tasks [6—8]. Using a staircase
approach, we determined contrast thresholds for the same
experimental conditions. The target was a Gaussian spot
20 pixels in width and height in an ascending staircase
paradigm. Noise gray level values clamped to the luminance
class limits were displayed using an equal probability
occurrence function. Each gray level value in the respective
luminance class was equally likely to appear in the back-
ground of the signal. The Gaussian signal has the highest
amplitude in the center and a variance of 1.5 pixels. A cross
hair around the signal and a reference signal is provided
at the top left of the screen to aid in detection (Fig. 2).
The signal amplitude increases or decreases depending on
the response and a threshold value is calculated using the
experimental data using the methodology from Ref. [8].
The mobile device was fixed in front of the observer eye
for perpendicular viewing to the screen at a distance of
about 30 cm. The observer was provided with a chin rest
support for fixed eye position in front of the mobile device.

3. Results

Fig. 3 shows that user performance deteriorates as ambient
illuminance increases. Users of the experiment reported that
the reflectivity of the screen was a major issue for the per-
formance drop. The observer was allowed to hold the device
while performing the DENOTE experiment. Observers got
the best results in dark conditions. Bright conditions which
represent an outside environment, presented the highest
level of difficulty. A relative performance drop exists for
each observer.
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Fig. 3: User performance for embedded text detection
and average threshold estimates conducted for 3 different
ambient lighting conditions using the Nexus One.
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Fig. 4: Threshold results for the staircase experiment in 3
ambient conditions for 3 observers. The error bars represent
+/- a standard deviation.

The staircase results in Fig. 3 suggest that the signal
detection threshold increases in a highly lit ambient en-
vironment. The mobile screen reflects (mostly specularly
for this technology) the environmental lighting into the
user’s eye which makes it difficult to spot the signal. The
subject settles on a higher threshold compared to when
he/she performs the same experiment in the dark. The
staircase method is time consuming and requires test trials
to determine starting thresholds for different conditions.
The observers were unable to locate the signal within a
reasonable gray level distance for the first and second
luminance class in bright conditions.

Our results indicate that 450 1x as an indoor condition
does have some measurable effect on performance. Results
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Fig. 5: Results from the SKEWS experiment.

for average and dark condition for observer 2 (see Fig. 4)
in the second luminance class and observer 3 in the 4th
luminance class suggest that image background luminance
affects the visual perception at 450 1x. The trends show that
the increase in ambient illumination will only increase this
difference of perceptual thresholds. The observer data do
not follow a particular trend per luminance class. However,
the compiled results shown in Fig. 3 suggest that 2 ob-
servers have smaller thresholds in average compared to that
of dark conditions (more work is needed to understand the
contributions to the uncertainty estimates in this method).

4. Discussion

We have explored some factors that can hinder the image
quality for medical imaging uses of mobile displays. We
also introduced a practical test that can be used to detect
the perceptual limit of a human observer under varying
ambient conditions. The results unequivocally show that
detection tasks are hindered to some extent by the ambient
lighting conditions in mobile display devices. Each of
the two experiments conducted indicate that recognizing
letters or identifying signals have a similar dependence on
the mobile display’s response to environmental lighting.
However, more evidence is needed to make a claim about
the usability of the DENOTE method as a surrogate for
the more accurate but time consuming methodology. This
change in response can alter the decision making for an
observer when performing sensitive detection tasks.

The luminance values for average and dark conditions might
be too similar to extract clear trends and relationships
between contributing factors in the experiments. Results for
bright conditions stand out indicating that the effect of an
increase in luminance to 80,000 1x causes the performance
to significantly decrease.

The two methods we describe have advantages and short-
comings. The staircase experiment does not test the ob-
server for a search task. The signal location and amplitude
are known to the user through the cross hair indicator
and the reference image. The embedded text experiment
is a simple task to assess the use of any mobile display
which come in vastly different specifications (resolution,

SID 11 DIGEST - 307



24.2 / F. Zafar

luminance). The test is simple and can be performed
quickly. Results from such a study can help identify the
limitations of a certain mobile display in any condition.
Testing methodologies for mobile displays have one added
complexity. If you restrict the mobile device in front of
the user, it denies the user the advantage of adjusting the
viewing. On the other hand, if free movement of the device
is allowed for an experiment, some observers might move
the device into a position where experimental factors might
begin to change. Using one hand to shield light or moving
the device in a position where the ambient illumination
changes significantly are factors hard to control during
experimentation. We did however notice that fixing the
mobile device restricts many viewing angles which the
observer can use to their advantage and that this might
be the reason behind the clear trend present from the
results of the embedded text experiment, while the staircase
experiments have significant variations for dark and average
conditions.

In addition to the two experiments described in this pa-
per, we conducted a Signal Known Exactly with Search
(SKEWS) task using the mobile display. The results suf-
fered from high variability perhaps due to satisfaction of
search [9]. If the attention level of an observer decreases as
he or she scans the whole image, high variability is added
to the experimental results. This experimental layout also
suffers from a false positive and a false negative error. The
user might get the number of signals right but there is no
guarantee he saw the right signals to make that decision. He
might be considering noise clumps as signals while actually
missing the actual signal. In one of the variations of the
SKE with search experiment, we allowed the user to touch
the Gaussian signal on the screen for identification. This test
sounds intuitive as most mobile devices have touch sensitive
screens. This method added two additional variables to
the experiment. First, the observers were unable to click
a 10x10 signal on the screen due to parallax error while
holding the device. Multiple attempts were needed for some
observers who identified the spot early in the trial but took
10 seconds to touch the screen for identification affecting
observer attention. The second problem was related to the
highly specular screen present in the device. One touch can
leave marks on the screen that need to be wiped repeatedly
for every trial. We noticed that the condition of the screen
has a significant role in the observer performance. Scratches
and finger prints present added difficulty to the user espe-
cially when environmental lighting is present. This is one
of the areas of this study that needs further research.

The results for SKEWS on a mobile device were compared
to a S5-million-pixel liquid-crystal medical display. We used
an EIZO RadiForce G51 with a 10-bit monochrome look-up
table, a maximum luminance of 450 1x and a contrast ratio
of 800. It is important to understand the performance of
mobile devices in comparison to medical devices currently
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in use. Fig. 5 shows that user performance for all conditions
was lower when compared to that of a medical device. The
worst performance occurs when using the mobile device
in average conditions specifically with the fifth background
luminance class. The results show a substantial error for
each data point (only 10 trials were conducted for each
single data point). This added variability in the results might
present a challenge for search tasks on mobile devices.

5. Conclusion

We have analyzed some of the factors that affect ob-
server performance when using mobile displays for im-
age interpretation. The ambient conditions clearly alter
the perceptual limit and affect reader performance. Some
device specific features such as the touch screen and the
adjustable device brightness can also add difficulty when
performing visual detection tasks. Experiments that involve
signal search assessments produce results with high vari-
ability due to satisfaction of search problems [9]. Mobile
displays bring added complexity to medical imaging along
with their portability benefits. Our method DENOTE, a
noise-embedded text detection task, shows promise as a
practical image quality assessment tools for mobile displays
in varying ambient illumination conditions. More research
is needed to validate the methodology for different mobile
display technologies and illumination conditions and to
understand the additional aspects associated with search
tasks.
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