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Abstract. In this paper we present an iPhone application that facilitates the op-
eration of detecting colors for blind and visually impaired people in real-time.
In order to detect colors, we take the input from the device camera then we
process pixel values to produce the color using HSL color space, the detected
color will be displayed as label on screen as well as uttering it. Moreover, the
application can view a set of colors that match a specific color to help blind
people choosing clothes before promenading. We tested the application on a set
of blind and visually impaired people to evaluate the application accuracy and
usability. Our evaluation showed that the application provides high detection
accuracy of colors in different lighting conditions. Furthermore, the application
satisfies its users' needs.
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1 Introduction

Latest global estimations indicate a dramatic increase in the magnitude of visual im-
pairment in the world. Blind and visually impaired community has the right to live as
normal people and we are responsible of facilitating their lives [1]. One of the chal-
lenging problems facing them is recognizing the color of things around.

Despite the existence of other techniques of color identification, such as electronic
color detectors and tactile tags for marking clothes. Yet, these devices are stand-alone,
which means the blind person has to carry them all the time and bear its weight. Fur-
thermore, blind people who had no sense of color before have no way of knowing if a
set of two or more color-combinations of clothes match or not [2].

According to problems mentioned previously, we decided to develop an iPhone
application that detect the color of a chosen area and utter its name in Arab-
ic. Moreover, it shows a set of suitable colors to help them in wearing appropriate
clothes.
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2 Previous Work

Different applications were developed to help visually impaired and blind people
identify objects' colors in real-life. This is done by utilizing the embedded camera and
screen reader on smartphones [4]. Most of these applications apply image-processing
algorithms either on captured images e.g. Kolorami and Color Helper or on a video
stream to achieve real-time color identification e.g. Color Identifier.

Kolorami is an iPhone mobile application developed by Comparatel especially for
color blind and visually impaired people. It allows the user to take a picture or import
it from gallery and then analyze its colors and show the most three colors found in the
picture with its approximate percentage [5].

Another application that analyses captured pictures is Color Helper 4 Men devel-
oped by Codete for Android users. It allows the user to take a picture and asks the
user to determine a specific point to be analyzed and then identify the color and give
suggestions for matching colors [6]. On the other hand, GreenGar, developed Color
Identifier for iPhone users, works by moving the phone camera to the object center,
then the application identifies the color by displaying and pronouncing its name [7].

From the previous discussion, we can see that existing applications either require
the user to capture a picture in order to determine the object color, or provide real-
time color identification in local language, besides, they show some sophisticated and
rarely used colors. However in our application we will give Arabic speaking users the
possibility to detect all colors in real time using their own language. Moreover, un-
known detected colors will be approximated to nearest popular and known colors.

3 System Overview

Our application detects colors using HSL color space where Hue (H) refers to color
name, Saturation (S) refers to color fullness and (L) is the Lightness of the color [9].
The system takes a pixel from the video stream of the device camera as an input, and
then analyzes it to generate the color and output it in audio and text forms. Moreover,
our application permits the user to view matching colors of the detected color in order
to help visually impaired people in choosing clothes to wear. Our application con-
sists of two main functions: Color Detection and Color Matching.

3.1 Color Detection

Color Detection is the process from when the user points the device camera on an
item till the color name is viewed on the screen. There are two sets of colors to detect:
the first is simple colors, which was made for blind people who never saw colors
before. The second is complex colors, which contains more complex colors with dif-
ferent scales. Color is grabbed from the camera in Red-Green-Blue (RGB) model,
since RGB channels interfere with each other and its chrominance and luminance are
mixed, accordingly, a small variation in lightning will affect the rates for the red,
green and blue components [8][12]. Thus, “As the three components (H, S, L) are
independent in HSL color space, it is more suitable for color image analysis than
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RGB color space” [9]. So, we convert the pixel value from RGB to HSL before de-
termining the color. We did this by applying the equation used for RGB to HSL con-
version as Kwanchai et al. mentioned in [3].
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Fig. 1. Flowchart of Color Detection Process

Figure 1 illustrates the flow of our proposed system. After we have the H, S and L
values for the pixel, we first check the values of saturation S and Luminance L to
detect “white”, “black”, and “gray” colors. If the luminance L of a pixel is greater
than 90, then the color is recognized as “white”. On the contrary, if the luminance L of
a pixel is less than 10 or (L <= 15 and S <=15) then the color is “black”. The color is
identified as “gray”, when the saturation is less than 16 and luminance L matches
one of these cases:

L <=40-> Dark Grey, L <= 70> Grey, L <= 80-> Silver and L <= 95->Light Grey

If the color is not White, Black nor gray, we search for it in the lookup table, if it is
not found then: first we determine the category of the color in the pre-classified col-
ors’ categories that were classified depending on the hue value as in table 1.

Table 1. Color categories corresponding to hue values.

Hue Range Color Category Hue Range Color Category
0-15,346 - 360 Red 136 - 160 Spring Green
16 — 40 Orange 161 - 200 Cyan
41-45 Gold 201 - 255 Blue
46 — 60 Yellow 256 - 300 Purple
61-90 Yellow-Green 301 - 345 Pink

91 -135 Green

Next we calculate the difference between HSL value we obtained from the camera
and the predefined HSL color values within the category. After finding the nearest
value, the color name will appear on the screen and will be uttered also.
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Figure 2 illustrates the color-detection interface in our system. The main window
contains the video stream with point in the middle showing the exact location of the
color that will be detected. Besides, there are three buttons at the bottom of the inter-
face, button number 1 will switch between complex and simple colors, button number
2 will turn on Flash light to assist color detection in low light conditions, while button
number 3 will be discussed next section.

3.2  Color Matching

Color matching function provides the user with some colors that matches a detected
color in order to help the blind person in wearing suitable clothes. To accomplish this
process, we used these three color schemes: complementary, split complementary and
analogous to determine the matching colors [11]. Figure 3,4 illustrates an example.

Base Color
Analogous

w

Complementary

Split Complementary

Fig. 2. Color Reader Main Fig. 3. Color Matching Inter- Fig. 4. Example of Color
Interface, (1) indicates switch- face. It shows the detected Schemes used to Match
ing between complex and color and 4 matching colors Color

simple colors, (2) indicates that go with it

turning on Flash light (3)

indicates color matching

4 Preliminary Evaluation

In order to demonstrate the effectiveness of our application, we discuss next the re-
sults of technical testing and user testing.

Technical testing was applied to measure the accuracy of color detection method.
We tested our application under different lighting conditions (bright, natural and dark)
to ensure our method can detect the correct color regardless of the light variation. We
defined lighting conditions as follows: when all room lights are on, then it is bright
lightening, dark lightening is defined when we depend on lampshade light only.

Table 2 illustrates the results of the technical testing. We obtained average success
of 97.2% for color detection in bright lightening, 86.1% in natural lightening and
53.9% in dark lightening. However, results got worse on dark lightening where light-
ing conditions affects the value of the luminance (L) component of detected color.
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Table 2. Color detection accuracy under different lighting conditions where 100% means the
application always detects the color, 0% means the color is never detected

Lighting Condition
Color Bright (%) Natural (%) Dark (%)

White 100 50 0
Gray 100 100 100
Black 100 100 100
Red 100 100 100
Dark Red 50 30 10
Pink 100 20 0
Fuchsia 100 100 80
Purple 100 80 70
Yellow 100 100 30
Orange 100 90 10
Brown 100 100 100
Beige 100 100 10
Green 100 100 100
Yellow-Green 100 100 70
Blue 100 100 10
Navy 100 100 30
Cyan 100 90 50
Sea Green 100 90 100
Average 972 86.1 53.9

Table 3. User testing results for 5 users

Tasks Average Tasks Time (seconds) | Average Number of Errors
Identify cloth color 40 0

Turn on camera flash 36 0.4

Switch to complex color 20 0.2

Show suitable colors 33 0.2

Table 4. Average User feedback results where (1 is strongly agree and 5 is strongly disagree)

Statement Average of user feedback results
Need for the application 1
Ease of use 1
Satisfaction 1

User Testing was applied to measure the usability of our application with end us-
ers. User testing was held at a local school for blind and visually impaired people.
After introducing the application, five iPhone users (4 blind people, 1 visually im-
paired person) were asked to try our application and perform a set of tasks that are
shown in Table 3 in order to gain an insight into how they are going to interact with
the application. After that we asked them to give their feedback by rating the agree-
ment and disagreement of some statements that is presented in Table 4 to see to what
extent our application satisfies its users' needs. It is clear from the results that the

application is easy to use, powerful and meets its users needs and expectations.
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5 Conclusion and Future Work

In this paper we presented a real-time color identification iPhone application that
helps blind and visually impaired people identify colors in real-life in an easy and
effective way. Our algorithm for color detection is based on HSL color space and
matching color algorithm is based on complementary, split complementary and ana-
logous color schemes. Our evaluation showed that our application provides high de-
tection accuracy of colors in different lighting conditions. Moreover, we found that
the application is useful and satisfies its users' needs.

In order to make our application more valuable for cloth identification, we aim to
improve the detection algorithm to detect cloth patterns besides colors.
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