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Abstract 
This study presents the “ChroMirror” system, a digital 
mirror imaging system which helps users select 
appropriate clothing color combinations. By digitally 
rendering a mirror image of the user wearing clothing in 
different color-harmonic combinations, this system 
enables users to easily and playfully explore a wide 
variety of chromatic and color-harmonic clothing 
combinations (i.e., without having to physically change 
clothing). A long-term goal of the ChroMirror system is to 
encourage users to experiment with colorful and 
color-harmonic clothes.  
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HCI): Miscellaneous. 

Introduction 
From watching people on streets, the most popular 
choices of clothing colors are black and white. This color 
choice is even more noticeable near our technical 
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Figure 1. ChroMirror enables 

users to easily and playfully 

explore a wide variety of chromatic 

and color-harmonic clothing 

combinations. 
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university campus. Interviews with students in these 
areas reveal two main reasons for the limited range of 
color in their clothing. The first is that people are 
uncertain about how to coordinate harmonic colors. Even 
people who spend considerable time trying different color 
combinations in front of a mirror often have difficulty 
selecting an appropriate color combination. As a result, 
people often choose the “safest” colors, which are black 
and white. The second reason is that once people develop 
preferences or confidence in certain color combinations, 
they become reluctant to try new combinations, 
especially novel colors. People who never try new colors 
may never find out how well they look in other colors. 
This project proposes an interactive device, the 
ChroMirror, for helping everyday people easily and 
playfully explore chromatic and color-harmonic clothing 
combinations (i.e., without having to actually change 
their clothing). A long-term goal of the ChroMirror 
system is to encourage users to experiment with more 
colorful and color-harmonic clothes.  

This study was partly inspired by the work of Cohen-Or et 
al. [1], who developed a system for enhancing the 
harmonious distribution of color in photographs. 
However, instead of changing the colors of pixels in a 
photograph for harmonic effect, the proposed system 
automatically produces an image of people and their 
clothing with their colors adjusted for a special 
color-harmonic effect. The system not only recommends 
an appropriate color combination but also allows users to 
easily experiment with different harmonic color 
combinations in real time. The emphasis is to provide 
examples of combinations while encouraging the user to 
actively make the final decision. This process is similar to 
that in clothing stores which provide customers with the 
same style of clothing in different colors. Since dressing 

preferences come from personal experience, people want 
to have more choices about their clothing; therefore, the 
strategy of the system is to encourage users to explore 
their favorite colors.  

Initial Digital Mirror Prototype 
Figure 2 shows the first digital mirror prototype. A 
camera first captures a digital still image of the user 
including his/her clothing. Given the lack of a process for 
automatically extracting clothing regions from an image, 
the user must manually mark foreground and 
background areas of the image. The system then applies 
a graph-cut algorithm [2] to separate the pixels between 
the foreground and background. Second, a similar 
operation enables the user to manually mark 
corresponding clothing items such as a jacket, a scarf, a 
pant, etc., in order to help the system distinguish the 
target clothing item from other clothing. Third, as Fig. 
2(b) shows, after the target clothing region is extracted, 
the system computes the best harmonic color shift for 
the target clothing region. Finally, users can view the 
target clothing region in the system-chosen color that 
collocates well with other clothing pieces. For example, 
as Fig. 2(c) shows, the system recommends that the user 
changes from a blue jacket to a green jacket by showing 
the effect of this color shift on a new digital mirror image. 
For a naturalistic rendering, the digital image includes a 
mirror-like reflection of all natural lighting effects as well 
as shadows from uneven clothing surfaces. 

Based on a preliminary experiment using the initial 
digital mirror, the following three major limitations were 
noted. (1) The initial digital mirror only determined the 
best harmonic color scheme for one specified region at a 
time. Thus, it did not provide users with other 
combination choices and did not show the harmonic color 

(a) 

(b) 

Figure 2. Initial digital mirror prototype 

(c) 
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collocations between their clothing pieces. (2) Since only 
still images were produced, the initial digital mirror did 
not produce real-time, color-adjusted imaging reflection 
similar to an actual mirror. (3) The initial digital mirror 
required users to mark different areas of clothing on the 
captured image, which was unnatural in comparison to 
using a real mirror.  

Modified ChroMirror Prototype 
The modified ChroMirror prototype addressed the above 
limitations by providing both a real-time imaging 
reflection and a more natural user interaction (i.e., 
without the need to manually mark different clothing 
regions). Since the goal of the ChroMirror is to enable 
users to easily explore varying chromatic and harmonic 
clothing colors (i.e., by simply standing in front of a 
mirror and without having to physically change clothing), 
it was essential that the ChroMirror also provides a user 
experience as similar as possible to using an actual 
mirror.  

 

 

 

 

 

 

 

Figure 3 shows the following hardware components of 
the system: (1) digital camera, (2) 32-inch LCD display 
and (3) Wii remote. The digital camera is hidden under 
the LCD display to capture real-time images of the user 
standing in front of the mirror. The 32-inch LCD display 
shows color-adjusted imaging reflections in real-time. 
The Wii remote control is used to explore different color 
combinations suggested by the harmonic color 
recommender.  

 

 

 

 

 

 

Figure 4 shows the user interaction with the system. (1) 
The ChroMirror system is started when the user clicks the 
reset button of the Wii remote. The ChroMirror system 
then recognizes the clothing regions of an incoming 
image by identifying and extracting the largest three 
foreground color regions corresponding to the three most 
visible clothing items worn by a user standing in front of 
the system. The system then adjusts the colors of these 
clothing regions according to a set of harmonic color 
combinations. (2) Each subsequent click on the reset 
button on the Wii remote invokes the harmonic color 
recommender to extract the three largest color regions of 
current foreground objects and shift the colors to the set 
of harmonic color combinations. (3) To explore a specific 

Figure 3.  The modified ChroMirror system and its hardware 

components 

Figure 4. The Modified ChroMirror system architecture 
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color combination, a user pushes the “up/down” buttons 
to switch color harmonics and the “right/left” buttons to 
switch color tones. All visual results are displayed on the 
LCD in real time.  

Overcoming Limitations 
To meet the real-time imaging requirements, a more 
efficient technique was needed to extract foreground 
regions. A computationally simple background 
subtraction technique was used to provide imaging 
reflection at 20 frames per second and to give the 
ChroMirror the appearance of an actual mirror. Whenever 
the system is started, a background image (without the 
presence of a person) is recorded. The system then 
quickly obtains foreground regions, as Fig. 5 shows, by 
removing the background regions for every incoming 
image captured by the digital camera.  

The companion Wii remote is used by the modified 
ChroMirror system for user interaction. As Fig. 1 shows, a 
user simply stands before the LCD mirror display and 
presses the reset button to start the system. The user 
can then explore different color combinations by clicking 
the Wii remote. 

The initial ChroMirror prototype computed only the best 
color harmonic for one specified clothing region at a time. 
The initial prototype did not provide users with other 
combination choices or show them the harmonic color 
collocations between their clothing pieces. To overcome 
this limitation, the modified ChroMirror automatically 
identifies and locates the three largest color regions 
other than skin color of the user. After identifying these 
three largest color regions on a foreground user, a user 
can select from up to 288 harmonic color collocations 
(eight types * thirty-six indices = 288 harmonic color 

collocations) from the Wii remote. As Fig. 6 shows, the 
ChroMirror system then reflects the adjusted clothing 
colors on the digital image. Colors are adjusted by 
shifting the hue channel in the HSI color model. Using the 
technique described in Cohen-Or et al. [1], the system 
preserves the natural shadows and folds of the clothes. 

Similar to other camera-based systems, the ChroMirror 
system can suffer from poor lightings in the environment 
as well as the textures of the clothes, because they can 
affect the color values captured by the digital camera and 
impair the accuracy of the system. 

 

 

 

 

 

 

 

 

Preliminary Evaluation 
The modified ChroMirror prototype was shown to a 
stream of visitors over a two-day period at a university 
event. Users were first introduced to the ChroMirror 
system and the use of harmonic colors. Users were then 
allowed to experiment with the ChroMirror system. 
Additional clothing items, such as colorful T-shirts, ties, 

Figure 5. Foreground objects matting 

(b) Color-harmonic clothing (a) Original clothing 

Figure 6. Original color vs. color-adjusted digital reflection  

(a) Original input video frame 

(b) Matting result 
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etc. were provided for user experimentation. After users 
selected their favorite clothing color combinations, the 
resulting pictures in Fig. 7 were printed and given to 
users. The user response was determined by interview 
and is described below. Over the two-day period, more 
than 100 users tried the ChroMirror system, and seventy 
pictures of color combinations were given to users. 

No difficulties using the ChroMirror system were noted. 
Almost all users seemed excited to explore their 
appearance wearing different color combinations, 
particularly after the first color change appeared in the 
mirror. Some commented that the realistic reflection in 
the mirror display made them forget what color they 
were actually wearing. Most reported that using the 
ChroMirror system was similar to having an actual 
wardrobe. 

Almost all users tried and explored many different color 
combinations by continuously changing harmonic color 
types on their own or as recommended by the ChroMirror 
system. After receiving several color recommendations, 
many visitors reported that they had learned some 
general rules of color harmonics, such as the use of green 
and red combinations. A student visitor was surprised to 
find that purple, which he had rarely worn in the past, 
was an appropriate clothing color for him. He was 
impressed when told that purple is harmonic with his skin 
color, and said he would consider that when shopping for 
new clothes.  

Discussion 
This preliminary user study revealed that seeing virtual 
images of color combinations is more powerful than 
initially thought. Users provided with a realistic 
mirror-like reflection of themselves reported feeling that 

they were actually dressing in another color. However, 
since users easily forgot the actual color of their clothes 
when using the ChroMirror, they also tended to easily 
forget the new color combinations they had seen and 
liked in the ChroMirror. Restated, although the effect is 
powerful, the images are apparently difficult to retain. 
Therefore, allowing users to save color combinations of 
their liking for subsequent review may be a feature in the 
next prototype.  

One user who helped develop the ChroMirror system 
during several months of testing reported that she had 
begun to buy different styles of clothing after using the 
system. She explained that using the ChroMirror system 
taught her several rules about clothing color. She had 
begun to apply these rules when buying new clothing in a 
wide range of colors. To her surprise, her new style 
worked well and brought her numerous compliments.  

Since dressing is a habit developed over years, people 
need time and experimentation to explore how to use 
color appropriate for their personal style. Therefore, it 
would be interesting to design a long-term user study to 
show how using ChroMirror influences dressing habits. 
For example, placing the ChroMirror in a high-traffic area 
of an academic building as a semi-permanent installation 
for several months would enable observation of how 
often people use the ChroMirror and whether it 
encourages people in the building to wear more colorful 
and harmonic clothing. 

Related Works 
Other clothing collocation systems [3, 5, 7] have been 
reported. Most have focused on offering suggestions by 
using a software system. For example, the “What am I 
gonna wear?” project at MIT [3] was a system that 

Figure 7. Some resulting pictures 

given to users 
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recommended what to wear according to the real-life 
scenario indicated by the user. After entering the goal, 
the system suggested color collocations of clothes owned 
by the user. Several on-line clothing stores also provide 
virtual fitting room systems such as “My Virtual Model” 
[5]. Users first select a predefined virtual model with a 
similar appearance, and after selecting clothes they are 
interested in, the system shows the virtual model 
wearing those clothes. Further, Tokumaru et al. [6] 
introduced harmonic rules in “Color design support 
system considering color harmony”. In the Virtual Stylist 
Project [7], Tokumaru et al. also applied these harmonic 
color rules to online shopping of clothes, in which they 
composed the virtual fitting system for dressing image 
synthesis.  

Conclusion and Future Work 
The ChroMirror system is a digital mirror that reflects 
real-time images of people and digitally adjusts their 
clothing color to help them improve dressing color 
harmony. By digitally rendering a mirror-like reflection of 
people with clothing in different harmonic color 
combinations, users can easily and playfully explore 
different chromatic and harmonic clothing colors (i.e., 
without having to actually change clothing). A long-term 
goal is to use the ChroMirror system to encourage people 
to experiment with more colorful and harmonic clothing 
colors.  

Several future studies of the ChroMirror system are 
currently in planning. First, as described in the 
Discussion section, a long-term user study of the 
ChroMirror system is needed. Second, in addition to color, 
texture and material are also important aspects of 
clothing style. Therefore, a useful extension would be to 
add a texture-change function. For example, a user could 

use a camera capturing device, such as in I/O brush [4], 
to acquire different texture patterns, such as Chudori 
Pattern or leopard grain, from existing clothes. The 
experimental changes in both clothing color and texture 
could then be viewed on the ChroMirror system. 
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