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1. Background of the study 
In 2004, a system for estimating material composition of cultural heritage was developed. It 

was implemented by using high-resolution digital images acquired using a customized flatbed 
scanner. It is capable of accurately and permanently storing digital data of the current state of 
different 2D cultural heritage. However, in order to improve the functionality of the system, it 
requires fast and secure displaying of the large image files. In 2006, this has become the 
motivation to develop an integrated system for the dynamic display and storage of ultra-high 
resolution images with the financial backing of the Japan Science and Technology Agency. 

In this study, 10GB digital image files could be quickly and securely displayed and browsed 
by using hardware that are off the shelf. In addition to simply recording the digital files, the 
system also used the archived files for developing cultural resources with emphasis on the 
production of scientific data and video content for analysis. The secured storage of digital data 
also prevents unauthorized use of the data. The system is composed of three main components, an 
image acquisition system (Hokusai), fast and secured displaying and browsing system (Amateras) 
and a pigment analysis system (Pigmalion). This is depicted by Figure 1. 
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Figure 1.  An overview of the integrated system design for the imaging system 
 
 
 

2. Important Aspects of the system 
 
Basic Design Concept of the Large-sized Scanner: Modularization 
A modular design principle was employed in developing the large-sized scanner. The system 
could be categorized in terms of it’s hardware, firmware and software. The hardware is composed 
of the CCD camera, the lens unit, the light source and the sturdy scanner frame just to name a few. 
The firmware is composed of the motor control and image acquisition control system. Finally the 
software is composed of the data and image processing system. The main motivation employing a 
modular design is to enhance the quality of the control as well as to increase the flexibility of the 
acquisition of image files from the cultural heritage. Modularization could facilitate improved 
accuracy of data acquisition and analysis of image data thereby expanding the system’s range of 



applications. Below are some additional features of the system as a result of the scanner’s 
modular design: 

1. An assembly which holds the image acquisition device and the light source is being 
driven by a stepper motor along guide rails of about 2m in length. The frame of the 
scanner is very sturdy to minimize image distortion which results from vibration. 

2. The system’s firmware and software is able independently perform image processing and 
control of the scanning parameters. The scanning speed and lighting conditions could be 
optimized depending on the target. 

3. The CCD camera is mounted in such a way that its distance from the target could be 
varied easily to facilitate the ease in changing the scanning resolutions. 

4. There is a wide variety of filters and lenses available which could be used wide array of 
system configuration. 

5. A large target could be scanned instantaneously by using multiple scanning heads or it 
could be scanned progressively by sliding it under a single scanning head. 

6. The intensity and the mixture of the light could be easily controlled to account for 
materials with high specular reflectance like metallic pigments (e.g. silver and gold) 
which could help in a more accurate color reproduction. 

7. The system is equipped with a color management system to addressed different needs and 
purpose for the archived images. For example, printing the image may require a different 
color management compared with just displaying the image of a display device. Similarly, 
analysis has different color management demands. 

 
 
New Light Source Design and Development 
Light source is an important part of imaging. In the imaging of cultural heritage, the demand of 
using the appropriate light source is a priority. Due to the precious nature of these artifacts, it is 
desired that the light source do not induce degradation and should have as minimum impact as 
possible. The design of the light source merits both theoretical and experimental investigation. 
Below are some of the light sources investigated in this study: 
1. Fluorescent light: the spatial distribution is less uniform compared with other light sources. It 

also has high-frequency variations. It takes a long time to stabilize and could encounter 
problems when used in cold weather. However, the use of this light source incurs low cost. 

2. LED light source: the spatial distribution is relatively good. Highly directional but with the 
use of a diffuser, the uniformity of the distribution of micro-regions could be improved. Start-
up stability is relatively good 

3. Mixture of halogen and metal halide light: after careful consideration, this was decided as the 
appropriate light source for the scanner. The spatial distribution, frequency distribution and 
stability id far superior to the other light source tested. The intensity and the frequency are 
adjustable. They are however a little pricey but it is possible to obtain high quality images 
with small color difference. 
 

 
Capability of Acquiring 16-bit Raw Data 
Given the multi-faceted data used by the next-generation high-resolution imager, 10, or 12-bit 
images obtained in 16-bit format may be necessary. The disadvantage of this is that data has a 
larger size but could become more user-friendly environment in the future large-capacity data 
storage media. With the 16-bit data, it is possible, if necessary to convert it to 8-bit data. In 
addition, the modular software system designed to separate the data acquisition system and color 
management system, is a system that can provide the basic raw data to the user. The raw data can 
be converted to a number of user-defined data format standards. 



Color Management System 
In order to address the different purpose the image data would be used, an appropriate color 
management system should be employed. Below are some of the common uses for the acquired 
digital data: 
 
 Printing There is a need to define your own color when printing 

digital image files 
 Analysis Minimal processing should be employed on the raw 

image to preserve the data the images hold 
 Displaying in a Monitor The color of the display space should be considered 
 Displaying using a 

projector 
Displaying using a projected light source significantly 
affects the representation of true colors 

 
In order to address the different demand on the displaying of the archived digital images, a color 
management system was developed in Kyoto University. The color management system 
addresses the different purpose the images are being used for. Figure 2 illustrates the flow of 
color management: 
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Figure 2. Flow chart of the color management system 

 
 
Multispectral Imaging 
The ultrahigh resolution flat-bed scanner was adapted for multispectral imaging of cultural 
heritage. This was implemented by equipping the scanner with a monochromatic CMOS camera. 
Images with different spectral features were captured using a combination of color filters which 
covers the visible to the near infrared region (380-850 nm) of the electromagnetic spectrum. 
Experiment on filter selection revealed that a minimum of 8 filters are required to effectively 
reconstruct the spectral reflectance. Using the spectrally unique images, the spectral reflectance 
were reconstructed by solving the inverse of the transfer function describing the characteristic 
pixel response as a function of the light source condition, the camera sensitivity response and the 
measured spectral reflectance of the pigments. The inverse transfer matrix was estimated using a 
learning sample of commonly used Japanese pigments. An image of the unique pigment chart 
developed for this study is shown in Figure 3. It is composed of a total of 173 pigments which 
could be natural, artificial, metallic, organic and inorganic. The reconstructed spectral reflectance 
was then used for spectral data matching to facilitate pigment identification of the scanned 
cultural heritage. 



 
 

Figure 3. Unique pigment chart used as learning sample for the multispectral imaging 
 
 
Imaging using Polarized Light 
Specular reflection is one of the issues faced when capturing an image. This is particularly 
abundant when scanning surface with high reflection such as those painted using metallic 
pigments like gold and silver. This is also a problem not only in Japanese paintings but as well as 
Western style paintings especially those created with varnish layers. Having specular reflections 
could be cumbersome in producing a true color representation of a cultural heritage. Therefore it 
is necessary to separate the diffused reflection with its specular component. In this study, the use 
of polarized light was employed to solve this problem. The images were captured using circular 
polarization by overlapping pieces of circular polarizers. Figure 4 shows some of the results of 
scanning with polarized light. Using polarized light, the diffused reflection could be easily 
separated from its corresponding specular reflection. 
 

 
 

Figure 4. the results of scanning with polarized light 



3. Equipment and System Development 
Several Imaging systems were developed in this study. This include the development of a 2D 
scanning system, a 3D non-contact imaging and graphics data processing and a secured database 
management and display of large-sized image files. The referred systems are briefly described 
below: 
 
Imaging System for Scanning of Two-Dimensional Cultural Heritage 
Figure 5 shows a digital image of Hokusai II. The latest generation of the ultra-high resolution 
flatbed scanners developed in the Advance Imaging Technology Laboratory of Kyoto University. 
All the generation of the scanners features modular systems design to facilitate better control and 
ease of data handling and processing. 
 

 
 

Figure 5. A digital photo of Hokusai II 
 
The main features of the scanner include a multiple image acquisition device capable of acquiring 
both trichromatic and multispectral images. It also has a light source comprised of a mixture of 
halogen and metal halide lamps with customized spatial and frequency distribution to capture 
images with minimal color difference. It has a sturdy frame which reduces the effect of vibration 
during scanning. Finally, the system is equipped with its own unique color management system to 
address the different demands of using the archived image data. 
 
 
Non-contact Small-sized Imaging System for Three-Dimensional Graphics Data 
Processing 
Part of the goal in the development of a fully integrated system is the ability to capture not only 
2D targets but as well as 3D objects. Using Color Photometric Stereo (CPS) method, an imaging 
device capable of reconstructing 3D features was developed. Figure 6 shows an image of the 
actual system as well as the schematic diagram of the device. Using the depicted set-up, images 
were taken using angular projections of light. The images were then used to reconstruct the 3D 
features. 
 
In addition to the system just described, 3D reconstruction using the flatbed scanners was also 
investigated. This was employed by changing the angle of the light source. It was demonstrated 
that a minimum of three images scanned at different lighting angle is enough for a 3D 
reconstruction. However, this technique is still in the development phase and requires further 
study. 
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Figure 6. A digital photo of the 3D imager and its corresponding schematic representation 
 
 
Secured Database Management and Display of Large-sized Image Files (Amateras) 
Acquiring the images has some disadvantages in terms of viewing the image files. Since a single 
archived data of a cultural heritage could have hundreds of megabyte to tens of gigabytes, it is 
very resource intensive. The commercially available image processing and displaying software 
are not capable of handling such resource-intensive tasks. In order to address this concern, a 
secured database management and displaying of large image files called Amateras was developed. 
Using Amateras it is possible to seamlessly view large files. It is also easy to use and user 
friendly. Because the files have ultrahigh resolution, the images could be viewed clearly up to 
few millimeter sizes which could sometimes not readily visible using the naked human eye Figure 
7 illustrates the capability of Amateras. 

 
In March 2009 at Kyushu National Museum, the old maps of Japan in four parts, covering 

from Hokkaido to Kyushu was digitized with a resolution of 1200 dpi, 16 bit. The file size is 
200GB, 31 giga pixel. Also IR digitization was carried out with a resolution of 20 micrometer. 
This digitization project was performed as a joint project with Kyoto University. The digital data 
will be developed into a digital content by NHK, to be displayed in the Theater 4000 for museum 
educational purpose. 

 
 
 
 
 



 
Figure 7. Old Map of Japan, Ino Tadataka (19th century, Tokyo National Museum) 

 
 

4. List of Actual Projects of Cultural Heritage Scanning 
A few selected digital heritage projects already performed at national and International level, are 
as follows: 

1. Nanbansen byoubu and other national heritage in Kyushu national museum 
2. Nijojo castle (world heritage) wall paintings 
3. Kano Eitoku Fusuma paitings, Daitoku temple Jukouin  
4. Conder Drawings (more than 300 drawings, Important Cultural Heritage) 
5. Ryukyuu byoubu (Okinawa) digital project  
6. Zoujouji Temple (Kano Kazunobu Paintings)  
7. Kouya San National Heritage digitization (joint project with Toppan Printing) 
8. Tongdosa temple (Korea) (Important Natiuonal Heritage) degital Project 



9. Ino Tadataka, old maps of Japan  
These projects cover scanning of more than 1000 pieces, and give our group on-the-site 

experience of digitizing, handling, and digital archiving of masterpieces of the national and world 
heritage. 

 
 

5. Related Research 
 
The following shows the different related researches performed for the development of the 
integrated system: 
 

1. Development of several generations of flatbed scanners (A-scanner, Conder, Hokusai I, 
Hokusai II) 
· Scans can be performed quickly and effectively which are far superior than images 

acquired using conventional scanners 
· The frame of the scanner is seismically isolated owing to its modular structure design. 

It also accommodates large variety of sizes and ranges of cultural heritage. 
· A light source is specially designed to control the spatial and frequency distribution 

during scanning. The light source also has sensitivity at the near infrared region. 
· RAW, 16-bit data could be acquired 
· A flexible color management system is also available 

 
2. Development of a 3D color imager and software for recoding surface micro-geometry 
 
3. Creation of a secured dynamic display and storage of large image data 

 
4. Development of a database system capable of stitching displaying images at terabyte 

level 
 

5. Fabrication of  a prototype for scanning valuable and delicate books and other folded 
documents 

 
6. Development of a prototype for a small multi-function scanner capable of competing with 

commercially available scanners. 
 
 
Conclusion 
In this study, the development of an integrated system for the dynamic display and secured 
storage of large image files were explored. The system is composed of three major components 
which include the image acquisition system, the analysis system and the secured storage and 
dynamic display system. The imaging system is a custom-built large-sized ultrahigh resolution 
flatbed scanner. The scanner features a modular design to facilitate ease of control effective data 
management. The scanner is composed of hardware modules, firmware modules and software 
modules. The analysis system on the other hand features a pigment identification system using 
spectral reflectance reconstruction from RGB images and multispectral images. The reconstructed 
reflectance is identified using spectral matching from a database of hundreds of commonly and 
traditionally used Japanese pigments. Finally, a system for a secured storage and dynamic display 
was developed. This is system is capable of storing and handling large image files with sizes 
ranging from hundreds of megabytes to few gigabytes. It can display these large files seamlessly 



which is normally a very computer resource-intensive task. In addition, as a result of the system 
development, other related research were explored which includes 3D recording of surface micro 
geometry, fabrication of small multifunctional scanner and development of a prototype for the 
scanning of valuable books and other delicate folded documents. All of these are done in an effort 
to help conserve, preserve and restore precious cultural heritage for the benefit of future 
generations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


