
 
 

 

 

Abstract— Due to developing mobile devices and providing 
services like mobile blogs, people can easily share their thought 
and experience, at any place and any time. A picture is an 
important datum to record and share their thought and 
experience, while we can easily take pictures with a mobile 
device that has a camera in it. However, the quality is usually 
poor without image refinement. Many mobile devices provide a 
simply interface to improve the quality, but require knowledge 
of predefined filters or image enhancement to control the 
parameters. It causes the user to feel inconvenient in mobile 
environments for their real-time editing pictures. In this paper, 
we propose a novel image enhancement interface in 
consideration of the accessibility to the mobile environment and 
various constraints. A usability test with various images has 
been conducted to show its usefulness, and the proposed 
interface achieved better performance than the other through 
the SUS test. 

I. INTRODUCTION 

UE to developing mobile devices and providing services 
like mobile blogs, people can easily share their thought 

and experience, at any place and any time. The mobile blog 
services are provided in mobile device which has iPhone OS 
or Windows Mobile [1].  

In South Korea, there are some micro blog services like 
NHN Corporation’s Naver Blog and me2day in windows 
mobile and iPhone OS. The services offer user’s memo, 
photo and location information using GPS module and map 
database. And Daum Corporation also provides mobile blog 
service called iTstroy, which can post various blogs real-time 
using blog API in iPhone OS. In overseas, service providers 
also offer micro blog services such as twitter, facebook, and 
foursquare. The services are also provided in mobile devices 
iPhone.  

A picture is an important datum to recode and share their 
thought and experience, while we can easily take pictures 
with a mobile device having a camera [2]. Therefore people 
are more and more interested in pictures [3, 4]. However, the 
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quality is often poor without image enhancement. In desktop 
environment, there are a lot of tools for image enhancements 
like Photoshop CS4, Paintshop Photo Pro X3, Acdsee Pro 3, 
etc [5]. However a mobile device has some constraints which 
are lower computing power, uncomfortable accessibility, 
small memory, small display, and so on. For these reason, 
mobile device cannot use same method for image refinement. 
Nowadays, mobile device manufacturer provide only simple 
methods using some fixed image processing filters and 
parametric filter like brightness, contrast, and color operation. 
It cannot cover various types of photo which are portrait, 
landscape, indoor, outdoor and still photo. Image 
enhancement requires combination of the parametric filters 
which demands user’s pre-knowledge for image filters.  

So, we propose a novel image refinement interface called 
ePics(evolutionary Pictures) in mobile device. The ePics 
solves bad accessibility of mobile environment and offers 
dynamic combination of image filters to retouch pictures.  

The proposed method uses IEC (interactive evolutionary 
computing) that has applied to signal processing, graphic 
design and so on. Selecting a best candidate of images in 
ePics, user can get a retouched image for user preference. 
And we conduct two experiments to show feasibility of ePics. 
First experiment shows that our proposed method can refine 
various pictures. We do subjective test for 4 types of images 
(indoor portrait, outdoor portrait, landscape, and object). And 
second one examine SUS test to show easiness and 
convenience of the proposed method.  

The rest of this paper is organized as follows. In section II, 
we introduce related works. In Section III, we present the 
proposed method. Section IV describes the experimental 
results, and Section V provides conclusions. 

 
II. RELATED WORK 

H. Takagi et al. generates signal processing filters using 
IEC. IEC helps people who do not have knowledge about 
signal processing make a desired filter. Using IGP(Interactive 
Genetic Programming) of IEC, user generates filters 
dynamically. The system provides an interface which has 
twelve candidate images. And user evaluates fitness of image. 
To show usefulness of the proposed method, they generate 
filters for edge detection, high-pass and horizontal-vertical 
component extraction. The system can make same functional 
filters without pre-knowledge [8]. 

R. Jaksa et al. create image processing filter by 
combination of various filters using IEC. The study used 
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three types of filters which are algebraic filters, parametric 
filters, and structured filters. Algebraic filters compute the 
output pixel value using input pixel information and an 
arbitrary mathematical function to describe relations between 
the input and output. IEC is used to select related pixels. 
Parametric filters with fixed structure are based on parametric 
functions, and IEC is used to optimize only their parameters. 
Structured filters are built from a set of parametric or 
algebraic filters. In this work, they finally combine these 
filters using IEC. And it is applied to medical image, f-MIR 
and ultrasonic images, to prove usefulness of the proposed 
method [9].  

Shyn and Leou proposed a method for image color 
enhancement using genetic algorithm. They change color 
space from RGB (Red, Green, Blue) to LHS(Luminance, Hue, 
saturation) and then apply fitness function. They showed 
usefulness by tests four color images, which are “flower”, 
“jelly”, “degraded Lenna”, and “fruits” [10].  

These studies focused on only desktop environment for 
image and signal processing using IEC. In this paper, we 
propose a novel method to refine images dynamically in a 
mobile device. 

 

III. IMAGE REFINEMENT USING IEC 

A. Image Filters 

Image filter is a kind of signal processing filters to refine 
an image or make an effective image using mathematical 
equation [12]. This paper uses the filters for image refinement. 
To make a filter for image refinement, we combine various 
filters, which are, into a filter for image refinement.  

In other words, image refinement is accomplished by 
combining several predefined types of filters. The advantage 
of this approach is similar to traditional approaches and this 
might be familiar to many potential users. IEC search is used 
to combine structured filters by enabling or disabling 
particular building blocks. 

 

 
 
Table I summarize predefined filters for image refinement. 

Generally, brightness filter and contrast filter are used to 
emphasize person or object or whole picture. These filters 
have been used for not only digital image processing but also 
traditional analog pictures by Dodging and Burning tool. 
Gamma curve and color operation filters change color 

balance.  It can change whole mood of an image. We combine 
these 4 kinds of filters for image enhancement. Figure 1 
illustrates images enhanced by the filters. 

 
 
Brightness filter adds or reduces same value in every color 

channel of an image. There are three kinds of color channel 
which are R (Red), G (Green), and B (Blue). Equation 1 
shows how the filter changes red color. In equation 1, rinput is 
red color of an original image and rout represents red color of a 
changed image. In the similar manner, green and blue also are 
changed.  

 

ValueBrightnessrr inputout                            (1) 

 
If parameter value is positive, the image is brighter than 

original one. Otherwise the image may be darker. Brightness- 
Value is from -128 to 128. rout should be between 0 and 255. 
So, we use modular operation.  

Contrast filter enhances people or objects in an image. It 
can be also used to find ROI (Region of Interest). Equation 2 
and 3 show contrast filter in this paper.  
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In (2), cRate presents contrast rate, and Pc is contrast 

parameter value, which is an integer between -128 and 127.  
Gamma curve is an image filter considering nonlinear 

recognition of human’s vision for change luminance level [7]. 

Fig. 1. Images enhanced by predefined filters (a) original image, (b) 
brightness change more 50, (c) contrast change +50, (d) color operation red 
color -50, (e) change gradient of gamma curve is 3. 

TABLE I 
PARAMETERS OF PREDEFINED IMAGE FILTER 

Name Variation Comment 

Brightness -128 ~ 127 relative value of brightness  

Contrast -128 ~ 127 relative value of contrast 

Gamma Red 0.2 ~ 5.0 gradient of red gamma curve 

Gamma Green 0.2 ~ 5.0 gradient of green gamma curve 

Gamma Blue 0.2 ~ 5.0 gradient of blue gamma curve 

Color Red -128 ~ 127 operation value of red 

Color Green -128 ~ 127 operation value of green 

Color Blue -128 ~ 127 operation value of blue 
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This curve changes each color value as human sees. We can 
change color balance of an image by applies the filter to each 
color. Equation 4 shows R channel of gamma curve filter.  

 

redP
inputout rr

1

)(                                             (4) 

 
As this filter input parameter is slope of gamma curve, 

parameter has to be float value between 0.2 and 5.0. But float 
value is not appropriate for genetic algorithm. So we 
determine Pred by normalization of color parameter as shown 
in Equation 5. The x is input color value and y is Pred.  
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The last one is color operation filter. Shifting color 

histogram, the filter can enhance a specific color or remove a 
color.  

 

redinputout Prr                                                  (6) 

 
Equation 6 shows a color operation filter for red channel. 

Because the filter can be applied to each color channel 
separately, we can change an image with different colors.  

In this paper, we get a filter for image refinement by 
combining these filters which are brightness, contrast, gamma 
curve, and color operation.  

B. Evolutionary Image Filter 

Genetic algorithm is one of evolutionary computing. GA 
was proposed by John Holland in early 1970s. It applies some 
of natural evolution mechanisms like crossover, mutation, 
and survival of the fittest to optimization and machine 
learning. GA provides very efficient search method working 
on population, and has been applied to many problems of 
optimization and classification [6], [13].  

Interactive evolutionary computing (IEC) is similar to EC 
except fitness evaluation. In IEC user have to evaluate fitness 
of each individual. It cans reflect user’s preference or emotion 
for selecting fittest candidates of evolution. For this reason, 
IEC can be used to solve problems that cannot be easily 
solved by EC such as graphic design, music composition, and 
vision [7]. 

Image refinement is a problem which needs to apply 
different filters to each picture. Because filters depend on 
photo-type, which are such as portrait, landscape and still 
shot, and environment likes indoor/outdoor, brightness, 
weather and so on.  

In order to solve this problem and supplement the lack of 
the user’s expression capability, we have devised image 
refinement interface based on human intuition and emotion 
by using interactive evolutionary computing (IEC) [1]. IEC 

can reflect personal preference, because it perceives the 
fitness directly from humans instead of computing some 
function [9]. Figure 2 shows flow chart of the proposed 
method. 

 

 
 

 
 

In this paper, we use IGA (Interactive Genetic Algorithms), 
which is a kind of IEC that is generally used to optimize 
parameters. Firstly, we get initial population randomly. And 
then k individuals are selected. The selected individuals are 
matched to predefined image filters through decoding process. 
Original images are changed by these filters for presentation. 
The filtered images become candidate images. Selecting the 
best out of the candidate images by a user determines 
population in the next generation.  

GA needs to make chromosome to find optimal solution. 
Figure 3 shows structure of chromosome for image 
refinement. We have to encode parameters of filters for 

Fig. 3. Structure of chromosome for image refinement. 

Fig. 2. Flow chart of image filter evolution.1st initialization population 2nd

decoding 3rd apply original image 4th selection. 
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brightness, contrast, gamma and color. Degree of each 
parameter is 256(28). A chromosome size is 64bits because, 
each parameter needs 8bits for encoding as shown in Figure 3. 
The size of the combination of filters for image refinement is 

264 (≒1.8 × 1018). 

Initial image filters are shown in Figure 4. They only pass 
original images without modification as shown in equation 6.  
A filter has three channels for red, green, and blue. After 
combining predefined filters determined by chromosome, we 
can get a combined image filter. Figure 5 shows the entire 
process from an initial filter to a final generated filter.  

 

2550,  xxy                                                   (6) 

 

 
 

 
 

Firstly, we match parameters in a chromosome to 
predefined filters. And an initial filter is combined with the 
predefined filters such as brightness, contrast, gamma curve, 
and color operation. If a combined image filter is made, it can 
refine images faster than four separate image filters because 
of only one time retouching by LUP (Look-up-table). It 
covers low performance of mobile devices.  

Next, user has to evaluate an image that was refined by 
generated filters. The result of evaluation is applied to fitness 
of evolution. However, there are two problems. First one is 
human fatigue. We should consider human fatigue when he 

uses IEC.  It is necessary to reduce number of evaluation by 
human. Therefore, IEC have a tendency to use small 
population [15]. But Small population to reduce human 
fatigue can make hard to find optimal solution, because it 
decrease not only human fatigue but also diversity. And 
second problem is an interface in mobile device. In desktop, 
we can evaluate images one by one in large screen with 
familiar interface, but constraints of mobile interface allows 
it.  

We propose relative fitness evaluation in order to solve 
these problems. The proposed method requires selection of 
the best refined picture only one time at each generation. And 
then Euclid distance between best gene and others is 
calculated. Equation 7 explains calculation relative fitness 
function, where Fi presents ith fitness value of ith individual. 
In Gi,j, Gi is ith individual j is jth parameter of Gi. 
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Relative fitness value is distance between filters. It is used 

to calculate similarity between a best refined image and other 
images. It means that similar filters to the best filter may 
survive during evolution process. In other words, this relative 
fitness can reduce user’s effort to evaluate all refined images. 
It also is of great advantage to interface perspectives. It offers 
a simple interface that requires just one click on the best 
refined image. In mobile device, it is an important issue. We 
will cover this topic next chapter. 

Last part is about settings of a genetic algorithm. In this 
paper, we use one-point crossover and mutation. First, two 
individuals are selected as parents and they generate their 
children through crossover, finally apply mutation operator. 
Crossover rate is 0.15, mutation rate is 0.01. Also, elitism is 
applied to find optimal solution fast. And filters for image 
refinement are generated. These steps are repeated until  user 
finds the best retouched image.  

 

C. ePics: Mobile image refinement interface 

 

Fig. 6. Screen shot proposed interface ePics, (a) original image, (b) one of 
the candidate images, (c) open button, (d) exit button. It provides portrait or 
landscape images by pivot. The interface based on Windows Mobiles 6.1

Fig. 5. Method to generate image filter using chromosome 

Fig. 4. Initial filters of image processing. There are red, green, and blue color 
channels each. 
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Figure 6 shows screenshots of the proposed interface 
called ePics. The interface displays nine pictures which are 
one original image and eight of candidate images. We 
consider display size and display ratio of mobile device. Each 
picture reflects a different mood from other images. An image 
in the center is an original image. User can compare an 
original image with other filtered images. We do not provide 
external buttons for image evaluation. Instead of button or 
scroll bar of fitness, we provide clickable eight candidate 
images around original image. User just clicks images which 
he or she wanted. After selecting the best image by one click, 
new refined images will be generated with user preference. 
We remain the previously selected image to prevent the 
possibility to provide worse images than the previous image. 
Clicked candidate image has highest fitness value. So we just 
preserve an image which has highest fitness value.  

Our application provides a preview function to watch an 
image in detail because the interface for evaluation shows 
nine pictures in a small screen of a mobile device. The 
interface is shown as Figure 7. User can watch a specific 
image in detail by pressing a candidate image for a second. 
In the preview mode, user can see one image in full size and 
can save retouched picture. Proposed interface can learn and 
use easily. We prove this issue next section. 

 

 

IV. EXPERIMENTAL RESULTS  

We conduct two experiments to show feasibility of ePics. 
First experiment shows that our proposed method can refine 
various pictures. We do subjective test for 4 types of images 
(indoor portrait, outdoor portrait, landscape, and object). And 
the proposed interface shows better performance than the 
other through SUS test. Subjects are twelve undergraduate 
students.  

A. Usability Test: Image Refinement 

We prepare twelve images for experiment. In order to test 
various types of pictures, we define picture type for 
experiment. TABLE II summarizes it. Picture types are 
indoor/outdoor portrait photo, still photo, and landscape 
photo. Fig. 8 shows photographs used in this experiment. 
Subjects evaluate the photographs. Photographs are divided 

into three groups which are original images, retouched 
images by an expert using professional application for photo 
refinement (Adobe Photoshop CS4) and retouched images by 
subjects using ePics. Each picture has a score between 0 and 
100. Figure 9 presents retouched images with Photoshop CS4 
and retouched images with ePics by three persons. The result 
of evaluation of subjective test is shown in Figure 10. 

 

 

Fig. 8. Experiment Pictures.  
(a) still photo #01, (b) still photo #02, (c) still photo #03, (d) still photo #04, 
(e) indoor portrait #01, (f) indoor portrait #02,   
(g) outdoor portrait #01, (h) outdoor portrait #02,  
(i) landscape #01, (j) landscape #02, (k) landscape #03, (l) landscape #04

 
Fig. 7. Screen shot of preview. This interface provides save and large image
viewer. (a) is retouched image (b) save button (c) cancel button. 
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Average of the subjective test is like followings. Original 
image is 72.80, Photoshop images 84.88 and ePics is 83.41. 
Generally, it means the proposed method provides better 

images than original images. ePics provides same ability to 
refine images with expert using commercial application.  

There is a remarkable result. The average of Photoshop 
images is higher than ePics, but some pictures refined by 
ePics have higher score than Photoshop images. But in 
portrait photos, ePics got lower score, it can be explained 
follows. A refinement for portrait picture has some rules. The 
important one of rules is people skin color should be correct. 
User may not achieve satisfactory portrait picture by ePics. 
But even in portrait images, refined images by ePics have 
better satisfaction than original images. It shows the 
usefulness of ePics. 
 

 
 

B. SUS Test: Interface Test 

We conduct SUS (System Usability Scale) test for proving 
usefulness of proposed system. SUS test inspects three 
parameters: effectiveness (can users successfully achieve 
their objectives), efficiency (how much effort and resource is 
expended in achieving those objectives), satisfaction (was the 
experience satisfactory) [16]. Table III shows SUS questions. 
The scale of answers of each question range from 1 to 5 
(strongly disagree to strongly agree). We normalize the 
answer with 100 point.  

 

 

TABLE III 
SUS (SYSTEM USABILITY SCALE) QUESTIONNAIRES 

# Quesiton 

Q1 I think that I would like to use this svstem frequently 
Q2 I found the system unnecessarilty complex 
Q3 I thought the system was easy to use 

Q4 
I think that I would need the support of technical person to be 
able to use this system 

Q5 I found the various function in this system were well integrated
Q6 I thought there was too much inconsistency in this system 

Q7 
I would imagine that most people would learn to use this system 
quickly 

Q8 I found the system very cumbersome to use 
Q9 I felt very confident using this system 

Q10
I needed to learn a lot of things before I could get going out with 
this system 

 

Fig. 10. Test result of satisfaction pictures, original image, retouched image 
using epics and Photoshop CS4. Object means still photo, indoor and 
outdoor present portrait picture. 

Fig. 9. Result of experiment image by Photoshop CS4 and result of image 
refinement using ePics. Pictures label is same Fig. 8 

TABLE II 
EXPERIMENTS PICTURES TYPE AND QUANTITY 

Portrait 
Objects Landscape 

Indoor Outdoor 

2 2 4 4 
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The higher score of answer in odd numbered questions, the 
better the system is. On the while, even numbered questions 
are vice versa. We evaluate score Si of ith SUS test like 
equation 8. 

 










even is  if100

odd  is   if

100
5

iA

iA
S

Answer
A

i

i
i

i

                                 (8) 

 
Subjects answer SUS questionnaires for two systems. One 

is mobile version ePics and another is embedded photo 
retouching application (Pentech, SKY studio) by mobile 
device manufacturer. ePics mobile version is developed in 
Samsung Omnia (SCH-M490), Windows Mobile smart 
phone, with Compact .NET Frameworks 3.5. The test result is 
presented Fig. 11.  

The results, ePics get explicitly higher scores in every 
question than embedded application except Q5. Particularly, 
Q3 and Q7 are highest scores. It means that our proposed 
interface is easy to learn and use. In other words, proposed 
systems, ePics, has intuitive and easy interface to refine 
images. 

 

 
 

V. SUMMARY AND FUTURE WORKS  

In this paper, we propose a novel method for image 
refinement using IEC. And it is developed on windows 
mobile smart phone. It can make image processing filter by 
just clicking the best candidate. We prove the usefulness of 
the proposed method by subjective test. The proposed 
interface achieved better performance than the other in the 
SUS test. 

Proposed method should be expanded in many ways by 
well-structured special effect filters such as blur, sharpen, and 
distort. And we have to accelerate the speed of evolution by 
classification of individuals. Finally, proposed method can 
apply mobile blogs system. It helps user to create high quality 
images. So, people can share his/her experience and thought 
in mobile environment. 
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