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Analytical Imaging Devices for Digital Archiving of Cultural Heritage 

 

Introduction 

  The rapid advancements in imaging technologies have pushed the cultural heritage community 

to play close attention to digitally archiving these precious artifacts. In addition, imminent dangers of 

destruction and damage to these objects are posed by continuous threats of war, natural disasters, 

man-made calamities and even ignorance. The need to preserve and conserve these precious objects has 

never been more urgent. One of the ways to preserve these heritages digitally is the use of advanced 

imaging technologies. In this paper, technical information about the high-resolution scanners which were 

designed and developed at the Advanced Imaging Technology Laboratory, Kyoto University for digital 

archiving of cultural heritage are presented. Also included are some information on the main 

components of the scanner namely the camera, light source and spectral filters. Finally, some actual 

results from on-the-site projects are included to demonstrate the capabilities of the scanning systems. 

In the last five years, there were already more than 10 different scanner designs manufactured 

which are tailor-fitted for specific purpose. The machines were designed to be flexible and easily 

reconfigurable to satisfy the needs of on-the-site digitization. These designs are classified into different 

categories depending on the shape and form of the machine. All of these scanner designs could be used 

for acquiring images not only for archiving but also for material analysis through advanced image 

processing algorithms. The functions of these devices are summarized as follows: 

 

 High to ultrahigh resolution trichromatic scanning with color difference of about 1.0-1.5 (the 

commercial cameras are 5-9 or worse) 

 Near infrared scanning (780-1000nm). 

 Monochromatic multi(hyper) spectral imaging (8 bands or more)  

 Trichromatic multi (hyper) spectral imaging (15 bands or more)  

 High resolution polarized light scanning for metallic and shiny surfaces 

 Transmission light (and reflection light) scanning 

 3Dshape and color reconstruction using a 5-axis ( 5 degrees of freedom) scanner  

 

The scanners are categorized according to the following scanner family: 1) Niji; 2) Hokusai; and 3) 

Conder.  

 Niji is one of Kyoto University’s advanced scanning technologies. This scanner features small 

and light frame that provides great portability and mobility. Niji got its name from the Japanese word for 

rainbow (“niji”). Under the Niji family are Niji-S, Niji-X, Niji-H, Niji-3D and Niji-L. The “–S” part of 

the name is the description about the frame design. S stands for small. The Niji scanner design series 

now have four other versions: Niji-X (extended); Niji-H (Hybrid); Niji-3D (dome-type); and Niji-L 

(long version). The scanner was named after a rainbow because it can accommodate both trichromatic as 
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well as multispectral scanning (6-8 filters). The scanner has three major components, the line-camera: 

the light source; and the spectral filters. The scanner can be used for various types of digital archiving 

and analytical imaging of various materials such as polarized scanning, ultrahigh resolution scanning, 

multispectral scanning, spectral and color reconstruction, Japanese pigment identification and others.  

 Hokusai is named after Katsushika Hokusai, a famous Japanese artist of the Edo period. The 

Hokusai scanners are characterized by large frames that provide good stability and resistance to 

vibration. The frames of these scanners were designed to accommodate standard-sized Japanese folding 

screens and sliding door panels. The scanners under the Hokusai family are: 1) Hokusai II; and 2) Slim 

Hokusai.  The main difference between the Hokusai and Niji scanners is the type of camera. Niji uses a 

direct-mount lens-CCD arrangement while Hokusai uses box-type lens-camera system. Hokusai 

scanners are also relatively larger and bulkier than Niji scanners which makes them suitable for routine 

scanning of bigger objects (up to 1.8 m/stroke). 

 The last category is the Conder-series scanners. It was named after Josiah Conder who was a 

British architect considered as the father of modern Japanese architecture. In the Niji and Hokusai 

scanners, the camera and the light source move along a guide-rail using stepping motor. However, in the 

Conder series, the light source and camera are stationary. Instead, the object moves under the camera 

using a moving stage.  

 The scanners describe in this paper are mostly used for the digitization and analytical imaging 

of cultural heritage. Cultural heritage refers to artifacts and intangible features inherited from previous 

generations, which are preserved or maintained for the benefit of future generations [1-5]. In the past, 

interests in cultural heritage are mainly based on its aesthetic and historic values. However during the 

recent years, it has been attracting the attention of scientists and engineers because of the technical 

challenges it presents during analysis, restoration and preservation. Its delicate nature requires that the 

investigation should be non-destructive and non-invasive [6-22]. At Kyoto University, we have been 

engaged in developing new hardware and software for a new “analytical imaging” system. The idea is to 

design a system that is able to perform tasks, which transcends the capability of conventional imaging 

devices (e.g. image acquisition, display, etc.). To further clarify this idea, the concept of analytical 

imaging should be defined. 

 Analytical imaging refers to techniques where the information extracted from images is not 

confined with the conventional purpose of an image. The usual case is to use an image for visualization 

[4]. With analytical imaging, it is desired to derive quantitative information from the image, such as 

spectral reflectance, colorimetric values and other relevant quantities for material analysis. This is based 

on the concept that materials behave in quantifiable ways when subjected to electromagnetic radiation 

(Figure 1). The quantities derived from the interaction of radiation and materials produce characteristic 

patterns, which acts as a signature and in some cases a fingerprint. It can be used to describe various 

material properties, which can include mechanical, chemical, morphological and optical properties 

among others. The analytical imaging system at Kyoto University is composed of three main 
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components: 1) an image acquisition system; 2) a material analysis system; and 3) a secured and 

dynamic display system. This system model is depicted by Figure 2. 

 The analytical imaging system at Kyoto University has been used for more than a dozen of 

on-the-site cultural heritage digital archiving in collaboration with different industry and academic 

partners as well as countries and continents.  Some of the notable project sites are: Nijo Castle (Kyoto, 

Japan); Tokyo National Museum (Tokyo, Japan); Kyushu National Museum (Kyushu, Japan); Ninnaji 

Temple (Kyoto, Japan); Cairo University Museum (Cairo, Egypt); Grand Egyptian Museum 

Conservation Center (Giza, Egypt); Al Azhar Library (Cairo, Egypt); Science Museum and Library 

Archive (London, UK); Tongdosa Temple Museum (Seoul, Korea); Xian Shaanxi History Museum 

(Xian, China), National Museum Northern Ireland (Belfast, UK), Chiesa San Filippo Neri (Turin, Italy), 

Vargas Museum (Quezon City, Philippines) and many more others.  

 

 
Figure 1: A simplified model of radiation-matter interaction 

 

 

Figure 2: Analytical Imaging and Digital Archiving Model of the Advanced Imaging Technology 

Laboratory at Kyoto University 
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General Scanner Technical Profiles 

 

Niji-Series 

 

Niji-Series scanners are the most flexible and mobile version. The approximate weight of the 

most basic system is around 30kg. This scanner could be reconfigured easily to accommodate different 

scanning requirements. It can be used to scan vertically, horizontally and sideward as shown in Figure 3. 

The scanning length could also be extended to accommodate large and irregularly-shaped objects. The 

main scanner module could also be mounted on a cylindrical rail which could be used for 3D shape and 

color reconstruction. 

 

 

  Items 

Scanner Name  Niji-Series 

Scanner Location(s) 

Advanced Imaging Technology Laboratory (Kyoto, Japan); 

National Palace Museum (Beijing, China); Kookmin University 

(Seoul, Korea); Egypt Academy of Science (Cairo, Egypt); Grand 

Egyptian Museum (Giza, Egypt); Kyushu National Museum 

(Kyushu, Japan); National Museum Northern Ireland (Belfast, 

UK); Legnaro National Laboratories (Padova, Italy); University of 

the Philippines (Quezon City, Philippines) 

Available/Usable Filters Multispectral (BPB,SC,IR) and UV/IR cut filters 

Compatible Cameras Alex; NED Mono; DALSA; Takex 

Compatible Lenses 
Nikon( 24mm; 35mm; 55mm; 105mm; 200mm); Apo-Rodagon-N 

(50mm, 80mm, 105mm) 

Light Source Visible and IR LED 

Available Scanning Resolution  200-5400 dpi 

Effective Scanning Length 95 or 180 cm 

Color Difference (ΔELAB)  < 2.0 

Effective Scanning Width Depends on the scanning resolution 

Scanner PC Laptop 

Operating system Windows 7 (64 bit) 
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Figure 3: Various image of the Niji-Series scanners 
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Hokusai-Series 

 

This scanner series got its name from the famous Japanese painter, Katsushika Hokusai. This 

scanner has a large frame which makes it good for resisting vibration. The length of the scanner was also 

designed so that it can scan the whole length of standard-sized Japanese folding screens and sliding door 

panels in one stroke as shown in Figure 4. The scanner can accommodate multiple camera heads. 

 

  Items 

Scanner Name  Hokusai-Series 

Scanner Location(s) 

Advanced Imaging Technology Laboratory (Kyoto, Japan); Xi’an 

Jiaotong University (Xi’an, China); University of East London 

(London, UK); Sabia Inc. (Kyoto, Japan) 

Available/Usable Filters Multispectral (BPB,SC,IR) and UV/IR cut filters 

Compatible Cameras NED camera 

Compatible Lenses Rodenstock Grandagon (75 mm; 90 mm; and 135mm) 

Light Source Halogen and Metal Halide 

Available Scanning Resolution  300-1200 dpi 

Effective Scanning Length 180 cm 

Color Difference (ΔELAB)  < 2.0 

Effective Scanning Width Depends on the scanning resolution 

Scanner PC Laptop 

Operating system Windows 7 (64 bit) 

    

 Figure 4: Images of the Hokusai-series scanners 
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Conder-Series 

 

This scanner series is called Conder. It was name after Josiah Conder who was a British 

architect and considered as the father of Japanese modern architecture. This scanner series uses a 

moving stage to transport the object under the camera instead of it being stationary as is the case with 

the other scanner series (Niji and Hokusai). The scanner can also be used to scan using reflection and 

transmission modes as shown in Figure 5. 

 

 

  Items 

Scanner Name  Conder-Series 

Scanner Location(s) Advanced Imaging Technology Laboratory (Kyoto, Japan) 

Available/Usable Filters Multispectral (BPB,SC,IR) and UV/IR cut filters 

Compatible Cameras Alex; NED Mono; DALSA; Takex 

Compatible Lenses 

Rodenstock Grandagon (75 mm; 90 mm; and 135mm); 

Nikon( 24mm; 35mm; 55mm; 105mm; 200mm); Apo-Rodagon-N 

(50mm, 80mm, 105mm) 

Light Source Halogen; Metal Halide; and LED 

Available Scanning Resolution  600-5400 dpi 

Effective Scanning Length 60 cm 

Color Difference (ΔELAB)  < 2.0 

Effective Scanning Width Depends on the scanning resolution 

Scanner PC Laptop 

Operating system Windows 7 (64 bit) 
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 Figure 5: Images acquired using Conder-series scanner 

 

Scanner Components 

 

 Camera 

 

 There are three types of camera which could be mounted on the scanners. All of them are color 

CCD but produced by different manufacturers. Niji-H is equipped with an NED NUCLi7300 line CCD 

camera. The camera weighs around 1.2 kg. On the other hand, Niji-S could accommodate both Alex 

CCD line camera and Takex line colored CCD. The comparison of the spectral sensitivities of the 

camera is shown in Figure 6.  
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(a) 

 

 

(b) 

Figure 6: Spectral sensitivity response of the (a) NED, Alex and (b) Takex cameras used on Kyoto 

University’s high-resolution scanners. The graph shows minor difference in the spectral response of the 

blue and green channels. However, significant difference is observed at the responsivity of the red 

channels. 
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Light Source 

 

Light source is one of the most important components of any imaging system based on visible 

electromagnetic radiation. The interaction between light and matter constitutes the formation of the 

image which can be used for visualization and analysis. Light sources can be divided into two general 

categories namely, natural and artificial lighting. An example of natural light source is the daylight 

coming from the sun and the light coming from other heavenly bodies. However, artificial lighting is 

more important in the field of imaging.  

Artificial lighting is divided into different categories such as incandescent, fluorescent, high 

intensity discharge (HID), gas discharge, combustion, electric arc and solid state lighting (SSL) [23]. 

Light emitting diode (LED) is an example of SSL. During recent years, LED has been gaining 

popularity and wide usage. This is attributed to its higher energy efficiency, longer lifetime and 

cost-effectiveness [24-25]. Compared to incandescent lighting, LED creates visible light with reduced 

heat generation or parasitic energy dissipation. All of the scanning and imaging devices presented in this 

paper are equipped with an LED light source.  

The type of light source used for the purpose of imaging and visualization depends largely on 

the type and nature of the application. For example, in the field of museum and gallery exhibition, 

popular light sources include incandescent lamp and fluorescent lamp. Museum and art gallery artifacts 

are selected as the reference for comparison because these objects are normally sensitive to light 

exposure. Other objects are unperturbed by any levels of light exposure. At the moment, LED 

applications are more common to traffic lights, signage, modern vehicle lights and others. LEDs are not 

yet used in illuminating museum and gallery displays. The Illuminating Engineering Society of North 

America (IESNA) has published a recommended practice for museum and art gallery lighting [22]. This 

guideline is shown in Table 1. However, since LEDs are not yet popular for this purpose, the guideline 

does not yet exists. Since lighting technology is moving towards the use of LED light sources, there is a 

need to verify if LED light source could provide safe illumination levels for highly susceptible displayed 

materials such as those displayed in museums and art galleries. 

In this section, some technical data related to the light source is presented.  Simulations and 

calculations based on radiometric and photometric concepts were performed. The equations used to 

calculate the LED irradiance and illuminance were supplemented by simplifying assumptions and the 

LED characteristics based on the LED manufacturer’s technical data. In addition to light exposure 

simulations, the LED physical data such as spectral characteristics, LED working temperatures and 

power consumptions were measured. The technical data relevant to the LED light source are shown in 

Figure 7-12. 
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Figure 7: Relative spectral radiance of the LED light source and spectral luminous efficiency function 

for photopic vision 

 

 

Figure 8: Luminous efficacy of the LED light source used for analytical imaging [6] 
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Table 1: Recommended Total Exposure Limits in Terms of Illuminance Hours per Year to Limit Light 

Damage to Susceptible Museum and Art Gallery Artifacts [4] 

 

Types of Materials Maximum Illuminance (Lux) Lux-Hours/Yr 

Highly susceptible displayed materials: 

textiles, cotton, natural fibers, furs, silk, 

writing inks, paper documents, lace, 

fugitive dyes, watercolors, wool, some 

minerals 

50 50,000 

 

Note: Approximately (50 lux) x (8 hours per day) x (125 days per 

year). Different levels (higher or lower) and/or different periods of 

display (4 hours for 250 days) may be appropriate depending on 

the material. 

Moderately susceptible displayed 

materials: textiles with stable dyes, oil 

paintings, wood finishes, leather, some 

plastics 

200 480,000 

 

Note: Approximately (200 lux) x (8 hours per day) x (300 days per 

year). Lower levels may be appropriate depending upon material 

Least susceptible displayed materials: 

metal, stone, glass, ceramic, most materials 
Dependent upon situation   

 

 

Figure 9: Illuminance of the LED light source as a function of light source-object distance at different 

supplied LED current 
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Figure 10: Relative exposure of an object during scanning under an LED light source as a function of 

supplied current  

 

 

Figure 11: Temperature logs of the LED at various light intensity during LED warm-up (measured at 

the surface of the half-rod lens; the probe is located around the center of the LED arrays) 
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Figure 12: Temperature logs of the LED at various light intensities during LED cool down 

(measured at the surface of the half-rod lens; the probe is located around the center of the LED 

arrays) 

 

 Spectral Filters 

 

The third important components of the Kyoto University scanners are the spectral filters. The 

filters are used to capture the spectral information of the object at a specific spectral band. They 

selectively transmit light having a certain property. Filters can be categorized either as absorption filter 

or dichroic filter. Absorption filters are usually made from various organic or inorganic compounds 

which are added to glass or plastic. The compounds absorb some wavelength of light while transmitting 

others. On the other hand, dichroic filters are made from optical coatings that reflect the unwanted 

portion of the light while allowing the remainder of the light to be transmitted. Dichroic filters are also 

called reflective or interference filters. They are usually placed in front of the light source and are more 

suited for precise scientific work.  

The use of multiple filters has the advantage of producing spectral reflectance and color 

information more accurately compared with the traditional trichromatic images [5]. Trichromatic images 

are subject to metameric effects because the spectral channels used for color cameras tries to mimic the 

sensitivity of human vision. As with the eyes, color cameras are only capable of interpreting colors but 

not perceive spectral information. There are different kinds of filters available on the market. It ranges 

from simple filters used in photography to more complicated filters like liquid crystal tunable filter 

(LCTF). In this study, commercially available filters from Fuji film were used. These type filters were 

selected because they are more practical and easy to use on-the-site. Figure 13 shows the spectral 

characteristics of the filters used for scanning. There are five categories of filters. These include color 

compensating, band-pass, sharp cut, special purpose and light balancing filters. In addition an UV/IR-cut 

0

10

20

30

40

50

60

70

0 5 10 15 20 25 30

Time (mins)

S
u

r
fa

c
e
 T

e
m

p
e
r
a

tu
r
e
 (

d
e
g

C
)

0.3 A, 17.8V

0.4A, 18.1V

0.5A, 18.4V

0.6A, 18.8V

0.7A, 18.9V

0.8A, 19.1V

0.9A, 19.3V



Science and Technology for Art 
Conserving and Recording Tangible, Intangible, and Natural Heritage 

Summer School 
4-7 September 2012, Manila, Philippines 

 

15 

 

filter is placed in front of the camera lens while acquiring the images. This is done to modulate the 

spectral characteristics of the filters. 

 

Figure 13: Spectral transmittance of the optimum filters for multispectral imaging using monochromatic 

images 

 

Selected On-the-site Cultural Heritage Results 

 

Tokyo National Museum Scanning 

 

 The scanning at the Tokyo National Museum involves three types of scanning modes. The 

scanning modes are: 1) 1200 DPI trichromatic scanning using single and dual lighting; 2) 600 DPI 

polarized light scanning; and 3) 600 DPI multispectral scanning. There were two objects scanned. The 

objects are part of the Uji Bridge folding screen panel painting collection. These objects are part of a 

precious art collection from the Momoyama era. The paintings are believed to be around 400 years old. 

The object dimension is approximately 3.5m x 1.8m. Since the objects are quite big, it is almost 

impossible to get good quality images by only using conventional photography. Using the analytical 

imaging system that was developed as result of this dissertation, this would not be a problem. The object 

needed to be scanned multiple times then stitched together afterwards. In the case of the 1200 DPI scans, 

it required about 30 scans. Each scan is about 2GB in file size. Using conventional photo editing 

software, it is almost impossible to handle these huge image files. A special image editing software 

called Amateras was used to stitch the images. In the case of the 600 DPI scans, it required 12 scans to 

capture the entire folding screen panels. The file size is about 900 Mb per image strips. Similarly, the 

strips were stitched using Amateras. Figure 14 shows a digital image of how the objects were placed and 

readied for scanning. The stitched images of both the folding screen panels are given in Figure 15. 

Finally, some examples on how the different modes of scanning were used for analysis are given in 

Figures 16 to 18. 
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Figure 14: Digital photograph of the scanner and object set-up for the high-resolution scanning 

 

 

 

Figure 15: Stitched images of the 1200-DPI scans. The folding panels meant to represent the changes of 

season as envisioned by the artist. The panels are meant to be displayed as a set: the left-side (top) and 

the right-side (bottom). 
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Figure 16: This figure shows the benefits of a high resolution scan. These images are taken from the 

1200 DPI trichromatic scans from Panel 1 of the left-side of the folding screen painting. The bottom two 

images are comparison of the difference between a high resolution scan and a low resolution scan. The 

one on the left has a resolution of 300 DPI while the one on the right has a resolution of 1200 DPI. 

Commercial scanners can only scan at 300 DPI. Even those offering to be able to scan at higher 

resolution are actually interpolated image. The 1200-Dpi scan using our system is uninterpolated. 

3 cm 
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Figure 17: The second mode of scanning on the Uji Bridge folding screen panels is multispectral 

scanning. This figure shows the monochromatic images from the multispectral scans. This figure also 

shows a reconstructed trichromatic image of a portion of the 5
th
 panel of the left side of the folding 

screens. Using the analytical imaging, the spectral reflectances of the most dominant colors are also 

shown.  
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Figure 18: The third mode of scanning was using polarized light. The motivation for doing this is to 

separate the diffuse from the specular reflections. It can be observed that the painting on the folding 

panel is predominantly gold. Gold is one of the most difficult objects to image because of its metallic 

finish that results to very high specular reflections. Since specular reflection is highly directional, it is 

possible to eliminate it by using the right viewing angle. Two types of polarization were employed to 

make this possible. The first polarizer (linear polarizer) is placed in front of the light source and then a 

second polarizer (circular polarizer) is placed in front of the camera. Using mathematical calculations 

using the Lambertian model, it became possible to separate the diffused from the specular reflections. 

The three images on the top are examples of the results. The one on the far left is an image with 

combined specular and diffused reflections. The one in the middle shows only the diffused reflection 

components. Then the one on the far right contains only specular reflections. There are two types of 

metallic components found on the painting. The first one is gold which is shown at the right side of the 

bottom two images. The other metallic component is silver which was used to create the wave patterns 
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found in the folding screens. It is important to note that no other modes of scanning were able to detect 

this level of detail from the silver components.  With the other modes, the wave patterns only appeared 

to be black due to severe discoloration. However, with the polarized scanning, it was very easy to detect. 

  

 

 Saimyoji Temple Scroll Painting Scanning 

 

 

 The second case of real cultural heritage scanning is a painting on scroll by Lee Ja Sil made 

more than 400 years ago. At present, there are only a handful of copies left found around the world due 

to the custom of purging artifacts which belongs to a previous regime. This particular scroll is kept at the 

Saimyoji Temple in Kyoto, Japan. Due to the cultural and historical significance of this piece, we were 

requested to digitize this piece. This painting was scanned at 600 DPI using Niji-S, a multispectral 

scanner presented in the previous chapter. The multispectral scan was used to study the amount of 

degradation experienced by the painting and reconstruct a color image for printing a replica. The 

original scroll is kept hidden for safe-keeping and preservation and a replica now hangs on the wall of 

the temple (Figure 19). This section shows some images of the actual scanning project and some 

analytical imaging result which could be useful for conservation and restoration efforts on the cultural 

heritage piece (Figure 20-23). 

 

  

     

Figure 19: This figure features digital images 

related to the Saimyoji Temple scroll painting 

scanning. The scroll painting is about 700mm x 

300mm is dimension. Since this is a relatively 

small piece, it only took one scan per filter to 

capture all the necessary multispectral images 

for analytical imaging. The two pictures at the 

top show the images from the actual scanning 



Science and Technology for Art 
Conserving and Recording Tangible, Intangible, and Natural Heritage 

Summer School 
4-7 September 2012, Manila, Philippines 

 

21 

 

 

Figure 20: This figure shows the reconstructed trichromatic image used for printing a replica of the 

scroll painting. The images at the right hand side shows the multispectral images captured using color 

filters. 

 

Figure 21: The multispectral images were also used for analytical imaging. The images were used to 

reconstruct the spectral reflectance and extract similar pigments from the images. As seen in the image, 

the painting does not have too many colors. In fact, due to the degradation of the piece, there are only 

three distinguishable colors. Using the pseudoinverse model, the spectral reflectances of the points 

depicted by the image above were reconstructed. 
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Figure 22: The spectral reflectances of the points depicted in Figure 18 were reconstructed. These points 

were the dominant color found on the scroll painting. Point 1 represents the color of the background or 

the base of the painting. Point 2 represents the color of the skin of the Buddha and the linings of the aura 

rings. Some of these linings were believed to be originally laden with gold but due to degradation, this is 

barely recognizable. Finally, point 3 represents the color of the hair of the Buddha.  

  

   

Figure 23: Using the reconstructed spectral reflectances, the portions of the scroll painting with similar 

pigments as Point 1, Point 2 and Point 3 respectively were extracted. This was done by calculating the 

RMSE of all the pigments compared with an initial ROI. Then a threshold value of 2.5 times the 

standard deviation was used as the extraction criterion. The extracted pigments from the three initial 

points were then superimposed to create a composite image. 
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