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Abstract
National Palace Museum (NPM) obtains nearly 700,000 world-class extensive art collections which are regarded as
international cultural heritages. Ever since 2017, Department of Rare Books and Historical Documents submitted the
“Subordinate Program of Digitalizing Crucial Historical Documents in High Resolutions” to bid for the Executive Yuan’s
Forward-looking Infrastructure Development Program. Based upon the idea above, the department’s main goal was to digitize
at least 100,000 pages per year which made the subordinate program spend the most budget as well as hire the biggest number
of human resources among the museum. In addition to the review of the digitization workflow, we also tried to introduce
industrial with the concept of 4.0, a cloud-based temperature and humidity monitoring system and a digital workday log have
been built on a trial basis to realize intelligent management and monitoring and to ensure digital quality and efficiency. As the
first phase of the forward-looking plan is coming to an end, this article attempts to summarize the experience gained during
this period and express it briefly, providing reference and discussion on the museum's upgrade of its intelligent management
system, in the hope that it will serve as a model for others to follow.
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1. INTRODUCTION
In our Forward-looking Infrastructure Development Program, the “Subordinate Program of Digitalizing Crucial
Historical Documents in High Resolution” undertaken by Department of Rare Books and Historical Documents is
required to produce more than 100,000 pages of digital documents per year, making it the largest national program
after the National Digital Archives Program has completed. As a result, the author immediately started the construction
of a digital studio, the procurement of high-grade image inspection and correction devices and the set-up of a network
environment to increase the quality and efficiency of digital work. After the completion of the digital studio, the author
coordinated the Department of Registration and Conservation to set up temperature and humidity control as well as pest
control in order to maintain the stability of the work environment. Finally, information technology was employed to
solve management and efficiency issues. These efforts provide the foundation and guarantee that the Forward-looking
Infrastructure Development Program can be executed successfully, producing a good result.
Out of the 700,000 archives NPM owes, archives from Department of Rare Books and Historical takes up 85% with
about 610,000 pieces from three main categories namely Qing Dynasty archives, rare and antiquarian books, and atlas
[1]. Amongst these archives, the Qing Dynasty archives have the largest quantity with a total of 395,548 pieces,
3,700,262 pages. Before the start of the Forward-looking Infrastructure Development Program in 2017, the annual
Digital Archive Program has already digitized 362,969 pieces, 2,086,362 pages (56.38%). This is followed by rare and
antiquarian books with a total of 214,524 pieces and 15,485 pieces, 700,219 pages have been digitized by 2017
(7.59%). Ming and Qing Dynasty atlas, which consists of Grand Secretariat Storehouse atlas, newly procured atlas,
archives of the Grand Council with attachments and copies of Palace Memorials with their attachments, has a total of
1,170 pieces and 1,062 pieces have been digitized by 2017 (90.77%). Table 1
After the start of Forward-looking Program, it is estimated to digitize 50,000 pages of Qing Dynasty archives and
rare and antiquarian books respectively as well as 750 pages of Ming and Qing Dynasty atlas, making up a total of
100,750 pages. With a duration of four years, it is estimated that almost 40,000 pages of high-resolution digital image
files can be completed in the first phase. All image specifications are based on the standards of the National Digital
Archive Program [2]. The specifications are 24 bits/pixel, 300-600 dpi, RGB TIFF colored and not compressed the
standard image with Q-13 standard color scale and 2-3 sections are scanned as a page. This is to fulfill the
requirements for cases such as academic research, publication application, and creative industries value-add
applications.
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A more serious problem is that there was no designated area for digitization work in the Department of Rare Books
and Historical Documents, and in the past, only the fractional space in the library was found, which was barely
sufficient. Although the National Palace Museum has set up some regulations for exhibition and preservation
maintenance, which sets standards for the temperature and humidity of cultural artifacts stored in the storage and
exhibition areas, there are no environmental standards for the area where the digitalization of cultural artifacts takes
place. This, coupled with the fact that the digital workflow was outdated and the personnel management was
complicated, caused delays in the implementation of the project.
Therefore, how to review and improve the digitization process, and how to realize real-time management and
monitoring by using intelligent technology are the primary issues to be resolved in the process of implementing the
forward-looking infrastructure projects. Therefore, in this paper, we would like to discuss the management of museums
by introducing the concept of intelligent mobility, and propose a vision for the future intelligent management system
for museums, which can be shared with readers and other related institutions.
Table 1: Table showing the current state of Qing Dynasty archive digitization by July 26, 2018
The quantity of collection
(pieces/volumes)
158,614 pieces

Digitized

Digitized pages

158,614 pieces

634,456 pages

190,889 pieces

190,889pieces

763,556pages

-------------------------

0
0

245 volumes

9,398 pages

142 volumes

12,651 pages

------------------------522 冊
522 volumes
------------------------8,384 volumes
3,536 packs
-------------

0
0
37,157 頁
37,157 pages
0
0
419,200 pages
176,800 pages
0

2,027 volumes

-------------

0

6,218 pieces/volumes

1,658 pieces/volumes

217,797 pages

506 volumes

16 volumes

800 pages

289 pieces

-------------

0

395,548 pieces/volumes

363,997
pieces/volumes
(61.39%)

2,271,815 pages

Type
Palace Memorials
Memorials collected by The
Grand Council

Official
documents

Archives of the
Historiography
Bureau

Secretariat
Archives
Archives of
The Grand
Council
Miscellaneous
Archives
Archives
Added
Total

Edicts
Memorials
Veritable
Records
Imperial
Diaries
Others
Annals

41 volumes
1,468 volumes

Records

5,242 volumes

Charts
Packs
Drafts
Documentation
Compilation

791 volumes
248 packs
8,384 volumes
3,536 packs
3,477 volumes

Total
14,034
volumes

4,374 volumes
7,786 volumes
365 volumes
1,293 volumes

Total
22971
volumes/packs

※The categories that have already been digitized are highlighted in grey.
Modified from Fung, Ming-Chi (2012), 138-139.

2. DIGITAL PROCESS IMPROVEMENT
Based on the previous digitization experience, producing digital images that are suitable for image processing is the key
to subsequent creative industries authorization promotion and academic research [3]. For the work in digitization of
crucial items in high resolution, reviewing optimization of digitization procedure and providing staff with suitable
inspection and correction tools to increase work efficiency are the keys to improving speed, image quality and fulfilling
the archive digitization indicators.
NPM is one of the iconic museums collecting archives for domestic and overseas museums, and the digitization
program undertook by the Department of Rare Books and Historical Documents is way ahead of all the international
organizations that collect Han and Manchu documents from the Qing Dynasty [4]. Hence, all the work done is
groundbreaking and there are limited references. At the start of the planning phase for the digital studio, we reviewed
the digitization process from the Digital Archive Project era till today and proposed four improvements and planning
suggestions. Firstly, the existing digitization processes mostly involve the contractor passing the information to our
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inspection and correction staff through the external hard drive. This one to one process does not allow multiple staffs to
inspect the same batch of images simultaneously. Secondly, other than the original copy held by the contractor, the
Department of Rare Books and Historical Documents does not have any back up before the final acceptance. Thirdly,
the transmission efficiency of the external hard drive is low, and there can be information security issues if the images
are copied to the computers for inspection and correction beforehand. Lastly, the procurement specification for the
program follows the digitization standard from the Digital Archive Program era. Contractors scan images in true color
(23bits per pixel) with an optical resolution of 300dpi and save in standard TIFF non-compressed format. The files are
then stored in disk arrays after passing to the Department of Rare Books and Historical Documents [5]. It was
estimated that the program will digitize about 400,000 pages of documents. Although the file sizes are different, using
30MB (Mega Bytes) as an estimate for one file, a storage space of 12-20TB (Tera Bytes) is needed based on the rough
estimate.
To address these problems, we redesigned the workflow of digitization and set up the corresponding working
hardware environment according to the new design process. Although the traditional method of one computer to one
inspection and correction piece relies less on the internet, its efficiency is low. As a result, it was planned to introduce
cloud inspection and correction where there are multiple people working on multiple inspection and correction pieces.
However, using cloud inspection and correction means that a large quantity of high resolution and large size images
will use the bandwidth simultaneously. If the internet speed is slow, it may result in network congestion or even work
being lost, leading to efficiency. Hence, the corresponding network environment was planned for the respective
digitization workspace. Our colleagues drew the detailed network distribution diagram and worked closely with the
contractors to establish the network environment for the digital studio on Level 3 and 4, which were completed in
December 2017 and May 2018 respectively. The digital studio on Level 4 of the Library Building has the D-Link DGS1210-52 Gigabit switch (single port speed of 1000Mbps and backplane of up to 104 Gbps) and Level 3 has D-Link
DGS-1024D 24 port Gigabit switch (single port speed of 1000Mbps and backplane of up to 8.8 Gbps). All routing were
laid using CAT-6 grade transmission cable which has a higher speed.
This was followed by the procurement of NAS (Network Attachment Storage) devices. Based on the initial plan, one
set of NAS is used for image inspection and correction while the other is used for the digital archive. The former stores
digital archives between 2002 and 2017 which will be used for value-added applications in the future, while the latter
stores the scanned images temporarily. During the inspection correction procedure, the computers, which are mainly
used for color correction, have built-in 512GB SSD. Due to concerns regarding image security monitoring and file
security, their memory spaces are insufficient and cannot control the monitor the access rights for the files.
Furthermore, they do not allow multiple people to access the files simultaneously and are hence unsuitable as the
storage device for files waiting for inspection and correction. However, there are also risks in centralized storage of
digital files. As a result, a disk array which has the RAID 6 function is used as the carrier. Since RAID 6 adds a second
independent parity information block, the reliability of information is high. The integrity of the information will not be
affected even when any two disks fail at the same time. Procurement was authorized in February 2018 and Synology
DiskStation DS1817+ (8GB) 8Bay storage devices were checked and accepted by mid-March. We worked with the
Department of Education, Exhibition and Information Services to borrow one UPS (Uninterruptible Power System) to
ensure data safety during a power failure. Next, the Department of Rare Books and Historical Documents established
the system environment with intranet where the individual group can set up its work holder. It rights are independent
of each other and will not interfere with each other’s work. Not only does this allow image inspection and correction
staff to simultaneously access the same batch of files during second and third inspection, increasing work efficiency, it
also ensures information security of the images. This makes the SOP (Standard Operating Procedure) of image
inspection correction work more centralized, moving towards cloud service and enabling multiple staffs to work
simultaneously.

3. USING INTELLIGENT TECHNOLOGY FOR ENVIRONMENTAL MONITORING
From the very beginning of the Forward-looking Program digital workspace environment, we have taken into account
the environmental factors of the digitization operation, such as the stability of temperature and humidity, to prevent the
artifacts from being affected during the digitization process.
As the original environment for “Digital Studio” was not designed for archive work, its environment control and pest
prevention standards do not fulfill the basic requirements of “NPM Archived Exhibit Preservation and Maintenance
Key Pointers”. If archives were digitized in this environment, the high humidity can lead to molding, which attracts
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booklice or promotes the growth of pests like cockroaches, silverfish and cigarette beetles, resulting in possible
irreversible damage [6].
The optimal temperate and relative humidity for paper storage are 20-22 and 50-60% respectively. The window of
the “digital studio” faces the West and the sunlight shines through in the afternoon. This increases the temperature and
brightness of the room, affecting the scanning and digital image inspection and correction work. Hence, we installed a
curtain that can block light up to 99% and has the flame-resistant material as required by the National Fire Agency,
Ministry of the Interior. In addition, as the area is at the end of the air conditioning pipeline in the Library Building,
the ventilation efficiency is lower. We requested for higher ventilation speed from the air-conditioning office and
installed an air circulator at the vent. This is done to increase the internal air circulation rate, hence assisting in
maintaining room temperature and lowering the humidity.
Environment control and pest prevention are not problems that can be solved in a day but rather the sustained effort
in the long term. Hence, we asked the Department of Registration and Conservation to install a hygro-thermometer
which has wifi and infra-red connection function, allowing us to document the variation in a computer remotely [7].
However, the environment was far from ideal in summer when the variations in temperature and humidity were drastic.
Hence, two hanging pipeline dehumidifiers were procured at the start of July to enhance humidity control. With the two
dehumidifiers, the environment control was finally acceptable. In addition, a digital work log was developed to
document the temperature and relative humidity daily, showing the long-term dynamic variation in these two factors.
At the end of August, we installed the RS485 data logger for the dehumidifier system. It can automatically connect the
daily log with the Department of Registration and Conservation, achieving real-time. This is as shown in figure 1.

Figure 1: A real-time monitoring system for the temperature and relative humidity in digital studio
Starting in 2020, we are also trying to introduce Internet of Things (IoT) system planning thinking and technology.
To this end, we have developed a new prototype of a digital workspace temperature and humidity management system,
which connects all sensors and control components to the network and realizes environmental monitoring, active early
warning and online humidity control functions through a single system. The system provides information that
corresponds to the viewer's permissions. For example, a top manager can set up user accounts, view permissions
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including temperature and humidity, historical records, and directly control dehumidifier fan operation. General
monitors, on the other hand, have no control over the machine and can only view real-time temperature, humidity, and
historical records. In addition to inheriting the old system's function of monitoring temperature and humidity with a
single entry point, this system can also directly set the active warning temperature and humidity alarm valves online,
and control the dehumidification system and fan speed from the network terminal to adjust the humidity of the
operation area. This is as shown in figure 2 and figure 3. At the same time, the automatic upload function can be
reserved to manually set the interval time and upload all monitoring data to the cloud for synchronization. Besides
saving the data backup for audit, it can also be used as a port for interfacing with third-party management systems.

Figure 2: Digital Operating Area Temperature and Humidity Management System
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Figure 3: Real-time Temperature (left) and Humidity Display Meter Interface
After connecting the dehumidifier to the temperature and humidity monitoring system of the digital logbook, we
found that the digital operation area still had the problem of slightly high ambient temperature and humidity
fluctuations slightly above the standard values. The former problem was solved by coordinating with the air
conditioning equipment room, while the latter was largely solved after the hardware was set two degrees lower, and the
changes in ambient temperature and humidity were maintained at a constant level. In the long run, it would be better to
find another ideal enclosed space for long-term digitalization operations.

4. DEVELOPMENT OF DIGITIZATION WORK LOG FOR DIGITAL STUDIO
Peter Drucker once said, “The period ahead will be an innovative one, one of rapid change in technology, society,
economy, and institution” [8]. Department of Rare Books and Historical Documents is the traditional archive
collection unit in the NPM. In an attempt to advance with the times, NPM is renaming it as the Department of Digital
Archives, hoping that the Department of Rare Books and Historical Documents will have a greater understanding on
new technology-based management tools. After the start of the Forward-looking program, it is necessary to develop a
management tool to accurately present the completion rate of the program and workload of contractors, respond to
cumbersome requirements for evaluation as well as to serve as a key indicator of effective improvement in digitization
efficiency and workload evaluation of inspection and correction staffs. The original management process flow for the
Department of Digital Archives was for the program assistant to report the progress to program director in a paperbased report from time to time. The program director would then report to the various heads and curators. This resulted
in problems like difficulties in time monitoring, lack of transparency in information and difficulties in quantifying work
progress. Furthermore, the consolidation of evaluation information is largely manual. Not only does this increase the
workload of evaluating staff, there are also possibilities of wrong calculation. After the aforementioned issues have been
reviewed, the department decided to introduce a digitized management mechanism and tasked our colleagues to
establish tools like digitized work log and SSO service web for the program.
The establishment of a digital work log is a groundbreaking act for internal evaluation in NPM. It is also an
important attempt at introducing digital management and increasing management transparency. Digital work log
system allows our colleagues to have a good understanding of the progress and the indicators of the digitization work,
increasing work participation. Our colleagues are prompted to change from a simple “worker” to “participant” of the
overall program. Fair and transparent work evaluation helps to inspire our colleagues to participate more actively and
improve work performance. This also allows for direct communication between the program assistant/evaluating staff
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and various heads and curators, reducing the problem of information asymmetry significantly. Not only does
establishment of digitized work log increase our colleagues’’ the degree of participation in the Forward-looking
Program, it also enhances the internal monitoring mechanism and serves as a benchmark for the future.
After the start of digitization work for this year, the evaluation method is constantly reviewed and improved through
rolling planning, dynamically adjusting the digitization plan process flow. The common evaluation platforms on the
market mostly use php to create the front end and employ MySQL as the database system. In addition to the high cost, a
server needs to be dedicated to maintaining the operation of the platform. In March this year, our colleagues began to
set up digitized work log using the free Google cloud service as the basis with a spreadsheet as the database and Google
Forms as the entry platform. After both have been connected, formulas are used to call out the back-end data to produce
a visualized work log with graphs and progress. After 4.30pm daily (when the work of the day has been completed),
each assistant will go online to log their work progress. The back-end database will instantly compute the data to
produce reports. The senior assistant will then verify the report before reporting to the respective heads. They can also
check for information afterward by selecting the date. The development and application of digitized work log simplified
the evaluation procedure significantly and realized transparent management. This also enables the contribution from
each colleague to be presented instantly.
The first edition of the work log went online on March 23, 2018. It can automatically calculate the weekly, monthly
and annual work completion rate and present the result as percentages through a pie chart. It can also present the
progress for the current month in a bar chart based on the monthly KPI (Key Performance Indicators). One can clearly
access information such as temperature and humidity of the digital studio, staff entering and leaving the studio and
daily work progress of each assistant. Due to the excellent response from the testing phase, the Budge and External
Affairs Division in the Department of Digital Archives is starting the log from April 11, 2018. Currently, the team is
planning for the 2.0 revision and is looking at adding the function of automatic report production. This can remove the
need for manpower completely and generate work log report at a fixed time daily as PDF and send to the heads for
review. This system should be expanded to all the programs in the department to realize digital management. This is as
shown in figure 4.

Figure 4: (Left) The form which assistants enter work progress daily.
(Right) The digitization work log for Qing Dynasty archives (the upper half)
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5. VISION OF THE MUSEUM'S INTELLIGENT MANAGEMENT
During the implementation of the forward-looking project, we successfully conducted a rolling review and innovation,
developing prototypes of an environmental monitoring system and a digital archiving system. However, while the
individual subsystems have greatly increased the convenience of digital work, they have not yet provided the museum
with a holistic approach to decision support management.
With the advent of 5G technology and Wi-Fi 6, it provides the basis for all hardware to be connected to the Internet
and to be monitored and adjusted in real time. The various data recorded on the Internet of Things can even become an
important database for museum operations.
In the future intelligent management system, we can grasp all the data before problems arise and visualize the
graphical display, which is convenient to realize the integration of monitoring→evaluation→warning→control. This
system can be used as a reliable reference for museums to make future decisions on heritage conservation, internal
management and exhibition planning. It can also actively analyze potential categories of artifacts that have not yet been
researched, and serve as a tool to assist the academic community and museum staff in making decisions on research
directions, thus expanding the development direction of museum collection research.

6. CONCLUSION
Looking back to the digital operation project, the performance of the Department of Rare Books and Historical
Documents as the largest collection of artifacts in the National Palace Museum depends on the use of intelligent tools
and the spirit of innovative management. In addition to the hardware purchase of professional proofreading image
equipment, network storage equipment, under the harsh conditions and cost-free premise, we succeeded in creating an
environment that takes into account the safety of cultural relics, environmental control, and satisfaction of efficient
work. We endeavored to design a digital work log program and monitoring system to present the overall work progress
of the project in real time. The content of the log program and monitoring system can not only provide the top
management and director with an understanding of this important national project, but also be applied to the control of
other related projects. Under the impact of the new COVID-19 in 2020, it is expected that the manpower of the
museum will be more streamlined, and the results of the pilot project of the prototype intelligent system are more
immediate and necessary. These experiments have not only greatly improved the speed, management immediacy and
application of digitalization, but also produced data that can serve as a reference for other digital work in the future.
Finally, we have proposed the vision of designing a complete intelligent management system for museums, in the
hope of realizing a single entry point for museum management projects, from document digitization to storage, digital
management and real-time environmental monitoring. Such a system can simplify the management of museums,
greatly enhance the efficiency of museum operations and administrative control, and play a role in integrating and
supporting decision-making in the areas of collections, exhibition planning, and administrative process management.
More importantly, it can not only "digitize" the physical museums, thereby enhancing the possibilities of value-added
applications through the network, but also "visualize" the various types of data that are originally separate and
independent, providing intuitive early warning and analysis. On the eve of intellectualization, Internet of Things and
5G era, we believe that this is the right development direction for museum management in the future, and also the
spirit of the forward-looking project promoted by the National Palace Museum.
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