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In this paper, we contribute to HCI and Ubicomp 
community by presenting principle of operation, prototype 
design and implementation, signal processing analysis, as 
well as proof-of-concept applications and evaluation of 
Palette. We also discuss limitations, and share our plan for 
future iteration of this work. 

RELATED WORK 
To the best of our knowledge, there is no previous work 
that explicitly explores usage of spectrophotometry for 
material color and texture inspection purposes. However, a 
number of research and commercial products have been 
proposed to provide partial solutions of the issues we have 
presented in previous section. Computer Vision (CV) based 
methods for color matching from parts of an image 
captured using camera are among the popular [1,2,3]. Our 
approach share common motivation in providing 
lightweight solution, and furthermore seeks to extend 
robustness to environmental illumination by incorporating 
not only visible light spectrum but also near-infrared 
through CCD sensor. 

Exploitation in deeper semantics of color description 
keywords for online clothing search has been proposed [4]. 
Although proven to be feasible, Natural Language 
Processing approaches still pose limitations when exposed 
to different language or culture. Realizing this issue, an 
effort to build a large dataset based on Mechanical Turk for 
texture identification has been conducted [6]. This work 
encourages us to provide objective metrics for texture. 

Hardware based approaches such as surface texture 
estimation based on friction has also been proposed [5]. 
This approach leverage distributed strain gauges and 
polyvinylidene fluoride (PVDF) films embedded in 
silicone-made surface contact. Different textures induce 
different intensities of vibrations, and consequently, 
textures can be distinguished by the presence of different 
frequencies in the signal. Unfortunately, bulky settings and 
requirement to obtain optimum synchronization of scan 
distance   and   its’   vibration   signal   poses   challenges   in   end-
user application. Nevertheless, approaches that incorporate 
hardware solutions encourage us to explore new features 
that can help to distinguish color and texture more robustly. 

PALETTE IMPLEMENTATION 
Palette consists of two main components, which are 
diffraction grating for spectroscopy and CCD sensor for 
detecting light intensity of each frequency. These parts are 
placed in a 3D printed case depicted in Figure 2. In our 
early prototype design, we utilized a CCD sensor based 
USB camera is used as the light spectrum sensor. 
Conventional USB cameras generally have IR-Filter in its 
default optical structure configuration, so we removed all of 
filters and adjust the lens to make parallel lights so that the 
optical structure resembles configuration depicted in Figure 
2. We capture image from the camera, and to capture the 
light intensity for a range of wavelength we utilized ImageJ 

[7], which is an open source image-processing program 
designed for scientific multidimensional images 

Figure 3 is an exemplary image capture of a spectrum from 
cotton towel. From end to end, the spectrum is 160 pixels 
and we measured the intensity of each frequency of light 
using plot profile function. The function converts the points 
on the spectrum indicated as white line to gray scale and 
lists the intensity of each point as value of 0 to 255.  

 

Color Recognition 
Materials absorb specific frequency (or wavelength) of 
lights depending on the color of the material. Therefore, 
reflected light from material has information on color. Our 
spectrophotometry framework is able to measure each 
wavelength’s light intensity. Therefore, true color of the 
material can be measured. Figure 5 shows garment samples 
used for color matching evaluation. We utilized white color 
LED to obtain correct spectrum of reflected light, due to 
white   LED’s   wide   frequency   range.   The   garment   is  
simultaneously illuminated during the spectrum capturing. 
It is important to note that the distance between 
spectrometer and the garment is fixed in our prototype case 
design, in order to provide correct measurement of the 
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reflected light’s   spectrum. These tested garments are fixed 
at a same position on top of the case, which was made using 
a 3D printer with black plastic filament 

Figure 6 is a result on the experiment for recognizing the 
color on fabric. a) is original spectrum of the white LED 
measured by directly emitting the light to the spectrometer. 
b), c) and d) is spectrum of reflected light form White, Blue 
and Green fabric, respectively. White fabric refracts all 
range frequency of light. Therefore, the spectrum indicates 
similar characteristic to original LED’s   spectrum. On the 
other hand, the characteristic of spectrum on blue and green 
fabric is different from the original one. Blue fabric only 
reflects specific frequency for blue (380 to 495nm).  Green 
fabric reflects frequency for blue and green (455 to 630 nm). 
This information can be used to recognize accurate color on 
fabric.   

 

 

 

 

 

 

 

 

 

 

Texture Recognition 
Feel of a fabric is one of an indicator when customers buy 
their garments. The texture consists of some of complex 
information such as thickness, airiness and way of knitting 
of fabric. Spectrum of reflected right from fabric can be an 
indicator to revel this information. Figure 7 is materials for 
airiness or thickness recognition. These are parts of fabrics 
that are cut out from socks, a towel, and a handkerchief. To 
correct spectrum of reflected light, white LED is emitted to 
each fabric. These fabrics are fixed at a same position on 
top of a plastic black box. And also, the distance between 

the spectrometer and the surface of each fabric is fixed to 
do not affect the distance difference to the spectrum. Figure 
8 is a result on the experiment for recognizing the airiness 
of fabric. a) , b), c) and d) is spectrum on reflected light 
form parts of Microfiber Towel, Cotton Towel, 
Handkerchief and T-Shirt, respectively. The amplitude 
difference seems to be caused by difference of airiness or 
thickness of the fabric. In addition, there are some features 
on each spectrum, which probably can be used to recognize 
the material.  

 

 

 

 

 

 

EVALUATIONS 
To evaluate the effectiveness of our approach, we measure 
the thickness and airiness of each garment. Furthermore, we 
correlates with the spectrums mean amplitude for each 
respective garment. Figure 9 depicts our experimental setup. 
To measure ratio of each samples’   airiness,   we   made   a 
simple indicator like Figure 9. The angle depends on the air 
having passed through the fabric form the fan that was set 
to constant rotation-per-minutes (RPM). The correlations 
between thickness, airiness, and amplitude of each sample’s  
spectrum are detailed in Table 1. As observable in our 
result,   the   spectrum’s   amplitude   difference   is   mostly  
affected by the airiness. In fact, mean amplitude of the 
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Figure 8: Spectrums of reflected light from fabrics. a) , b), 

c) and d) is spectrum on reflected light form parts of 
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reflected light’s   spectrum. These tested garments are fixed 
at a same position on top of the case, which was made using 
a 3D printer with black plastic filament 

Figure 6 is a result on the experiment for recognizing the 
color on fabric. a) is original spectrum of the white LED 
measured by directly emitting the light to the spectrometer. 
b), c) and d) is spectrum of reflected light form White, Blue 
and Green fabric, respectively. White fabric refracts all 
range frequency of light. Therefore, the spectrum indicates 
similar characteristic to original LED’s   spectrum. On the 
other hand, the characteristic of spectrum on blue and green 
fabric is different from the original one. Blue fabric only 
reflects specific frequency for blue (380 to 495nm).  Green 
fabric reflects frequency for blue and green (455 to 630 nm). 
This information can be used to recognize accurate color on 
fabric.   
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To evaluate the effectiveness of our approach, we measure 
the thickness and airiness of each garment. Furthermore, we 
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To measure ratio of each samples’   airiness,   we   made   a 
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To evaluate the effectiveness of our approach, we measure 
the thickness and airiness of each garment. Furthermore, we 
correlates with the spectrums mean amplitude for each 
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reflected light’s   spectrum. These tested garments are fixed 
at a same position on top of the case, which was made using 
a 3D printer with black plastic filament 

Figure 6 is a result on the experiment for recognizing the 
color on fabric. a) is original spectrum of the white LED 
measured by directly emitting the light to the spectrometer. 
b), c) and d) is spectrum of reflected light form White, Blue 
and Green fabric, respectively. White fabric refracts all 
range frequency of light. Therefore, the spectrum indicates 
similar characteristic to original LED’s   spectrum. On the 
other hand, the characteristic of spectrum on blue and green 
fabric is different from the original one. Blue fabric only 
reflects specific frequency for blue (380 to 495nm).  Green 
fabric reflects frequency for blue and green (455 to 630 nm). 
This information can be used to recognize accurate color on 
fabric.   

 

 

 

 

 

 

 

 

 

 

Texture Recognition 
Feel of a fabric is one of an indicator when customers buy 
their garments. The texture consists of some of complex 
information such as thickness, airiness and way of knitting 
of fabric. Spectrum of reflected right from fabric can be an 
indicator to revel this information. Figure 7 is materials for 
airiness or thickness recognition. These are parts of fabrics 
that are cut out from socks, a towel, and a handkerchief. To 
correct spectrum of reflected light, white LED is emitted to 
each fabric. These fabrics are fixed at a same position on 
top of a plastic black box. And also, the distance between 

the spectrometer and the surface of each fabric is fixed to 
do not affect the distance difference to the spectrum. Figure 
8 is a result on the experiment for recognizing the airiness 
of fabric. a) , b), c) and d) is spectrum on reflected light 
form parts of Microfiber Towel, Cotton Towel, 
Handkerchief and T-Shirt, respectively. The amplitude 
difference seems to be caused by difference of airiness or 
thickness of the fabric. In addition, there are some features 
on each spectrum, which probably can be used to recognize 
the material.  

 

 

 

 

 

 

EVALUATIONS 
To evaluate the effectiveness of our approach, we measure 
the thickness and airiness of each garment. Furthermore, we 
correlates with the spectrums mean amplitude for each 
respective garment. Figure 9 depicts our experimental setup. 
To measure ratio of each samples’   airiness,   we   made   a 
simple indicator like Figure 9. The angle depends on the air 
having passed through the fabric form the fan that was set 
to constant rotation-per-minutes (RPM). The correlations 
between thickness, airiness, and amplitude of each sample’s  
spectrum are detailed in Table 1. As observable in our 
result,   the   spectrum’s   amplitude   difference   is   mostly  
affected by the airiness. In fact, mean amplitude of the 

 
Figure 5: Materials used for color recognition and the 

experiment environment  

White Green Blue Spectrometer

Light 
Source

Fabric

 
Figure 6: Spectrums of reflected light from colored fabric. 

a) is original spectrum of the white LED. b), c) and d) is 
spectrum of reflected light form White, Blue and Green 

fabric, respectively   

0

20

40

60

80

100

390 490 590 690

Li
gh

t I
nt

en
sit

y 
[0

-2
55

]

WaveLength [nm]

0

20

40

60

80

100

390 490 590 690

Li
gh

t I
nt

en
sit

y 
[0

-2
55

]

WaveLength [nm]

0

20

40

60

80

100

390 490 590 690

Lig
ht

 In
te

ns
ity

 [0
-2

55
]

WaveLength [nm]

b)  White Fabric

c)  Blue Fabric d)  Green Fabric

a)  White LED

0
20
40
60
80

100
120
140

390 490 590 690

Li
gh

t I
nt

en
sit

y 
[0

-2
55

]

WaveLenglth [nm]

 
Figure 7: Materials used for texture recognition  

Microfiber 
Towel

Cotton 
Towel Handkerchief T -Shirt

 
Figure 8: Spectrums of reflected light from fabrics. a) , b), 

c) and d) is spectrum on reflected light form parts of 
Microfiber Towel, Cotton Towel, Handkerchief and T-

Shirt, respectively   

a)  Microfiber Towel b)  Cotton Towel

c)  Handkerchief d)  T-Shirt
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test setting

tested materials

color detection texture detection

proposed system architecture: quantify color and texture using spectrometer

Product	
  descrip-on	
  offers	
  very	
  limited	
  informa-on	
  of	
  material	
  texture	
  
Color	
  informa-on	
  is	
  also	
  not	
  so	
  reliable	
  due	
  to	
  different	
  ambient	
  ligh-ng	
  

This	
  o<en	
  hinders	
  costumer	
  from	
  buying	
  products	
  online


