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中 文 摘 要 ： 國立故宮博物院正在進行一個令人興奮的 iPalace 研究專

案。本研究對 iPalace 研究專案進行探索，以了解在傳統的

組織(如博物館)部署複雜的技術時，有那些關鍵需求和挑

戰。具體而言，本研究檢測在博物館部署複雜的技術時，博

物館與此技術所帶來的產業價值鏈之間的關係。本研究拓寬

了科技化服務的創新的研究範圍，因為本研究發現部署複雜

的技術會使得博物館嵌入到一個更大的產業網絡。價值鏈的

概念，提供了更深入的見解，以使得博物館能了解進而克服

服務創新和機遇和其所帶來的挑戰。故宮的 iPalace 經驗可

以提供傳統組織在部署其先進的技術和提供創新的服務時一

些指導。 

中文關鍵詞： 服務創新, 價值鏈, 資通訊技術, 科技化服務 

英 文 摘 要 ： iPalace is an exciting ongoing project that will 

substantially enhance the service provision of the 

National Palace Museum (NPM) in Taiwan. In this 

study, an exploratory investigation of iPalace is 

conducted to highlight the critical needs and 

challenges associated with deploying complex 

technologies in a traditional organization such as a 

museum. Specifically, the relationship between the 

deployment of complex technology in museums and the 

value-chain concept is examined. This broadens the 

scope of research on innovation in technology-enabled 

services by demonstrating its embeddedness within a 

larger network of relationships. The concept of the 

value chain provides more in-depth insights into the 

challenges and opportunities created for museums by 

service innovation. The NPM＇s experience may provide 

other traditional organizations with guidance on 

deploying innovative and sophisticated technology in 

their service provision. 

英文關鍵詞： Service Innovation, Value Chain, Information and 

Communication Technologies (ICT), Technology-enabled 

Services 

 



Challenges of Deploying Complex Technologies in A Traditional 

Organization: The Case of the National Palace Museum 

 

ABSTRACT 
iPalace is an exciting ongoing project that will substantially enhance 
the service provision of the National Palace Museum (NPM) in 
Taiwan. In this study, an exploratory investigation of iPalace is 
conducted to highlight the critical needs and challenges associated 
with deploying complex technologies in a traditional organization 
such as a museum. Specifically, the relationship between the 
deployment of complex technology in museums and the value-chain 
concept is examined. This broadens the scope of research on 
innovation in technology-enabled services by demonstrating its 
embeddedness within a larger network of relationships. The concept 
of the value chain provides more in-depth insights into the 
challenges and opportunities created for museums by service 
innovation. The NPM’s experience may provide other traditional 
organizations with guidance on deploying innovative and 
sophisticated technology in their service provision. 

 

Keywords: Service Innovation, Value Chain, Information and 
Communication Technologies (ICT), Technology-enabled Services 

1. Museums and radical innovation in 
technology-enabled services (RIIS) 

As museums become increasingly focused on the public, they 
must develop various new means of attracting and entertaining their 
visitors. Information and communication technologies (ICT) have 
great potential in this area. However, the deployment of complex 
ICT in a traditional organizational setting such as a museum may be 
challenging. 

The word “museum” originates from the Greek word mouseion, 
which signified both the seat of the Muses and a building 
specifically used to store and exhibit historic and natural objects. 
From a knowledge-management perspective, museums are 
organizations that preserve, create and share knowledge. In a 
museum, ancient wisdom is preserved in objects and rediscovered 
through research. In terms of their intellectual contribution, 
museums create knowledge by recruiting researchers and providing 
them with the required incentives and resources. As a result, 
museums offer abundant knowledge. In the past, professional 
researchers worked independently to enhance expertise in their 
respective academic fields, rather than for the benefit of the general 
public. Although museums stage exhibitions to display certain 
objects, viewers are rarely afforded an intimate view of these objects, 
which must be protected and preserved. 

In line with social development, the function of museums has 
gradually changed: first object-oriented (before the 1980s), then 
education-focused (the 1980s to the 2000s) and finally 
public-centered (after the 2000s) [4]. The International Council of 
Museums [11] has redefined the 21st-century museum as follows. 

 
A non-profit, permanent institution in the service of 
society and its development, open to the public, 
which acquires, conserves, researches, 

communicates and exhibits the tangible and 
intangible heritage of humanity and its 
environment for the purposes of education, study 
and enjoyment.  
 

   Advanced information technologies (e.g., cloud computing) and 
communication technologies (e.g., global telephone systems and 
third- and fourth-generation mobile telecommunications 
technologies) are steadily converging. This convergence has created 
a considerably less expensive ICT infrastructure that more 
efficiently and effectively connects components such as information, 
knowledge, content, people, organizations, information systems and 
other heterogeneous devices. As a result, new ICT-enabled services 
are available at lower costs to customers in general, and members of 
the younger generation in particular. ICT-enabled services provide 
online, real-time and interactive opportunities through applications. 
For example, a number of ICT-enabled services are offered via 
mobile applications.1 

Previous studies [1][7][12] have shown that computing 
technologies are used in museums primarily to increase interactivity 
and enhance viewers’ experience of visiting the museums. Various 
ICT-enabled museum services have been designed to meet the needs 
of the public. For example, the world’s top museums, such as the 
Louvre Museum in Paris, the Metropolitan Museum of Art in New 
York and the National Palace Museum (NPM) in Taiwan, have 
established Facebook fan pages and created other interactive, social, 
informative and entertaining online elements to stimulate awareness 
of and interest in their collections and encourage users to visit their 
physical sites. Another example is the British Museum Channel, 
which displays video clips on exhibitions, collections and 
behind-the-scenes experiences at the museum. This video content is 
displayed online on the museum’s website. These technologies and 
platforms are expanding the ways in which audiences access and 
interpret the objects displayed in museums [2]. 

ICT-enabled services enable museums to enlarge their social 
role and social values by improving the timing and increasing the 
scope of their individual and collective engagement with visitors 
worldwide. ICT-enabled services can be used to reach out to 
frequent museum visitors, potential visitors and non-visitors alike. 
Their ultimate purpose is to enhance the interaction and visiting 
experiences of a broader range of visitors, whether on-site or online. 
Many such ICT-enabled services are designed specifically to attract 
young people, who are often interested in experiencing new ICT and 
accustomed to using multimedia services in their daily lives. 

2. The National Palace Museum and its 
Digital-Archives Project 

                                                 
1  Mobile applications (usually abbreviated as “apps”) are 
computer-software applications designed for smartphones, tablets or other 
mobile devices. 



The NPM has been lauded as one of the top five museums in the 
world, and is distinguished by its extensive collection of 
high-quality artifacts from Chinese history, making it one of the 
most popular destinations in Taiwan for international tourists. The 
management of the NPM is currently supervised by the Executive 
Yuan, the highest administrative organ in Taiwan. 

The NPM has implemented a National Digital Archives 
Program (2002-2013) to digitize its collections on an ongoing basis, 
resulting in a large volume of high-quality IT-generated content on 
the museum’s cultural and historical artifacts. In addition, the NPM 
recognizes the novel opportunity provided by film to introduce 
historical treasures and revive interest in ancient artifacts. The NPM 
also uses corporate advertising to stimulate people’s imagination 
and help audiences to more fully appreciate and understand China’s 
historical artifacts. It has produced a number of new videos related 
to collections, IT-generated content and behind-the-scenes 
experiences at the museum. 

The videos produced by the museum have been extremely 
successful in sharing the NPM’s digital collection worldwide. In 
2007, for example, the NPM used cutting-edge techniques to create 
a three-dimensional animation entitled Adventures in the NPM, 
which was considered a milestone accomplishment. The film won 
first prize in the public section of the 2008 Tokyo International 
Anime Fair, in addition to the Prix Coup de Coeur award at the 
Festival International de l’Audiovisuel et du Multimédia sur le 
Patrimoine. At the 2009 MUSE Awards, organized by the Media 
and Technology Professional Network of the American Alliance of 
Museums, the NPM received a Silver Award for marketing 
development for a documentary entitled Inside: The Emperor's 
Treasure and a multimedia installation entitled Passé-Future: The 
Future Museum of NPM. At the 46th Houston International Film 
Festival in 2013, the NPM gained additional recognition by winning 
six major awards: two platinum awards, two gold awards, one 
bronze award and one special-jury award. Its lighthearted comedic 
entry entitled Journeying from Past to Present—APP Minifilm 
received the Platinum Award, the festival’s highest accolade, in the 
network category. The NPM plans to showcase its most 
representative collections on the global stage by internationally 
releasing its landmark animated video Adventures in the NPM. The 
newly released Adventures in the NPM will also feature treasures 
from the Palace Museum in Beijing to inspire and promote 
collaboration between the branches of the NPM in China and 
Taiwan. 

In 2012, the NPM partnered with Google to display exquisite 
Chinese artifacts worldwide on Google’s Art Project webpage. The 
Art Project initiative allowed the NPM to publicly display its 
collections on an online platform, and thereby to overcome the 
temporal and spatial boundaries that separate the museum from the 
rest of the world. The NPM chose 18 artifacts with which the 
Taiwanese public is familiar to reach audiences worldwide on the 
Art Project webpage. 

The experience of collaborating with Google and creating so 
many high-quality videos and films inspired the NPM to construct a 
video-streaming website that enables the younger generation to 
access the museum’s collections of great Chinese relics. The iPalace 
initiative was developed to fulfill this goal. 

3. iPalace 

Table 1 displays the NPM’s strategic service vision for the 
iPalace initiative. The target audience mainly comprises members of 
the younger generation who use Web browsers, are interested in 
China’s heritage and enjoy watching videos/animations. Therefore, 

the service concept emphasizes efficiently curated and 
well-organized video exhibitions that deliver fresh and attractive 
video content with smooth streaming in the form of a television 
program, thereby providing viewers with a high-quality online 
experience of the NPM’s artifacts. To achieve these goals, the 
following operating strategies have been implemented: (1) a 
video-production process to ensure that videos/animations are 
original and attractive; (2) the periodical updating of the appearance 
of the interface for the occasions and to make it increasingly user 
friendly; and (3) effective load balancing with such features as a 
task-oriented process design, an elastic Web service infrastructure 
and peer-to-peer networking capability. As the NPM’s online 
counterpart, iPalace must deliver services that not only complement 
the museum’s high-quality brand image but are able to cope with 
potential huge peaks in demand. 

 
Table 1: Strategic service vision for iPalace (adapted from [8]) 

Service-Delivery 
System 

Operating 
Strategy 

Service 
Concept 

Targeted 
Market 

Segments
1. Fresh and 

attractive video 
content. 

2. Well-defined 
NPM 
experiences. 
 NPM images. 
 Ease of use. 
 In-depth 

insight into 
Chinese 
culture and 
aesthetics. 

3. Smooth video 
delivery. 

1. Continual 
provision of 
new video 
exhibitions. 

2. Periodically 
changing 
interface 
appearance. 

3. Effective load 
balancing. 

 Task-oriented 
process 
design. 

 Elastic Web 
service 
infrastructure.

 Peer-to-peer 
networking. 

 Distributed 
system 
architecture 
capable of 
multitasking. 

1. A video 
service that 
smoothly 
displays NPM 
relics. 

 Well-arranged 
exhibition. 

 Available at 
anytime and 
anywhere. 

 Uninterrupted 
multicasting. 

2. An 
easy-to-use 
user interface 
that  

 Is updated for 
the occasions 

 Offers 
in-depth 
insight into 
Chinese 
culture and 
aesthetics. 

Young people 
who 
 Use Web 

browsers; 
 Are 

interested in 
China’s 
heritage; 
and 

 Enjoy 
watching 
videos / 
animations. 

 
From the museum’s perspective, iPalace is truly a radical 

innovation in ICT-enabled services. In addition, it is primarily a 
video-streaming service based on Web technology and tends to 
provide a wonderful online visiting experience which is not linked 
to an in-gallery experience. Technically, however, iPalace requires 
expertise in sophisticated cloud-computing technology that the 
NPM does not possess. From the viewers’ perspective, iPalace is 
radically different from the NPM’s current text-based webpages. 
Typical museum video channels offer a variety of video clips. For 
instance, the video content of the British Museum Channel is 
accessed by individual clicks on video clips. In contrast, the 
operation of iPalace is similar to that of a television program, which 
broadcasts continuously until the viewer turns off the channel. 

4. iPalace value chain 
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value chain. Although the aim of the service-science discipline is to 
facilitate and improve the interaction and collaboration of multiple 
entities to achieve mutual benefits, the relevant studies have been 
summarized as “too much, too little, or too soon” [10: p. 5]. 

Practically, taking the viewer’s perspective to investigate 
iPalace, the NPM seeks to gain a comprehensive understanding of 
the role, responsibilities and involvement of every stakeholder 
associated with the iPalace value chain. Moreover, as shown below, 
iPalace comprises both a viewing experience and a post-viewing 
experience, which must complement each other to ensure success. 

 
 With regard to the viewing process, the viewer desires an 

emotionally positive viewing experience facilitated by a 
personal computer or other portable computing equipment. As 
outlined in the organization’s strategic vision for iPalace, fresh 
and attractive video content, well-defined NPM experiences 
and smooth video streaming are necessary to ensure that the 
viewer has a positive online experience of the museum. The 
NPM recognizes that the content maker is responsible for 
producing fresh and attractive video content; that the channel 
manager curates the video content and defines the experiences 
of the NPM; and that the connectivity maker ensures smooth 
video streaming. 

 With regard to the post-viewing experience, iPalace’s service 
quality directly correlates with viewer satisfaction, as in the 
real world. Service provision and the fulfillment of viewers’ 
needs are critical determinants of a viewer’s adoption of 
iPalace. As a result, all of the parties involved in the iPalace 
value chain (such as the NPM, content makers, connectivity 
makers, technology makers and sponsors) must make a unified 
effort to ensure effective viewer relationship management 
(VRM) and viewer fulfillment. Note that the emotive force of 
traditional television media leads viewers from brand 
awareness to brand consideration. This is where the process 
ends, and no other vehicle extends into the post-viewing 
period. In contrast, agents such as the NPM, sponsors and 
advertisers are able to harness the reach and emotional power 
of iPalace and drive viewers to complete the post-viewing 
process immediately. This capability will make iPalace 
attractive to sponsors and advertisers, and in turn to other 
service partners and stakeholders. During the post-viewing 
period, connectivity makers, sponsors and advertisers are 
likely to face the greatest threat of loss or failure due to 
sub-standard VRM or insufficient viewer fulfillment. 
 

Although iPalace is theoretically comprised of two processes, 
viewers participate in both and regard them as a single, seamless 
experience. The viewer expects a high-quality and consistently 
reliable service that safeguards users’ privacy. To ensure the success 
of the iPalace technology, all of the participants in the iPalace value 
chain must keep this expectation in mind. However, service quality 
and reliability, as well as privacy, are particularly important 
concerns for the channel manager and connectivity maker, who are 
likely to be deemed the “providers” of iPalace by viewers.3 The 
brands of the channel manager and connectivity maker may also be 
subject to negative evaluation if mistakes are made in service 
delivery. In other words, viewers will contact the channel manager 
or the connectivity maker if iPalace fails. Brands that fail to resolve 
their VRM and viewer-fulfillment issues are usually judged 

                                                 
3 Note that connectivity makers are the “front line” of iPalace and are thus 
held responsible for dealing with problems with VRM, viewer fulfillment 
and viewer privacy. 

negatively by viewers. As iPalace’s VRM is Internet-based, it faces 
a particularly great threat of negative evaluation, as there are more 
than 1 billion Internet users and thus potential viewers around the 
world. 

Therefore, all of the parties involved are responsible for 
determining the most appropriate way to carry iPalace through the 
value chain. Among the significant issues at stake are the following. 
1. Carrier-Rights Agreements. Carrier agreements, including 

channel sponsorship, are a key point of negotiation. In 
addition, connectivity makers must exercise caution when 
creating (or outsourcing) VRM and viewer-fulfillment 
solutions. 

2. Creative-Rights Agreements. Creative rights are a significant 
issue of contention among the various content makers. The 
NPM’s current distribution agreements do not include the 
right to develop an overlay on top of existing video content. 
Therefore, any future distribution agreements must include 
incentives for studios to allow channel managers to build 
iPalace enhancements. 

3. Sharing Income from Sponsorship. Facility expenditure, 
transformation expenditure and market expenditure place a 
large and ongoing burden on the NPM and its service partners, 
requiring additional income from the service provided. 
Therefore, the NPM must address issues that involve other 
partners, such as the ownership of sponsorship income and 
how to share this income fairly. 

6. Summary and discussion 

As stated in [6: p. 62], trust “between client organization and 
cloud provider is a strong predictor of a successful cloud 
deployment.” Therefore, it was necessary for the NPM to identify a 
suitable method of collaboration with other cloud actors (and other 
business partners). The NPM, a governmental unit, determined its 
own process of collaboration, which is largely regulated and fairly 
conservative. The NPM investigated the possibility of working with 
other cloud actors such as IBM, YouTube, Google and domestic 
companies that are not yet professional cloud actors. These 
alternatives presented distinct strategic and managerial barriers as 
well as different levels of technological readiness. After several 
rounds of negotiation, the museum became more realistic about the 
future of iPalace and the deployment of the relevant complex 
technologies. For instance, due to the complicated political issues 
involved in collaborating with foreign actors, the NPM identified a 
domestic value chain as its first choice. As Taiwan’s cloud actors 
are not yet professional, the NPM had to deal with a lack of 
technological readiness. In addition, the NPM encountered 
conceptual differences relating to expenses and trust when dealing 
with certain domestic cloud actors. For instance, the NPM did not 
wish to pursue commercialization due to the museum’s 
not-for-profit status and operation, whereas most potential cloud 
actors hoped to make substantial profits from iPalace. The NPM’s 
current business model does not involve generating and sharing 
more than reasonable revenue. Finally, the NPM chose to work with 
the National Center for High-performance Computing (NCHC) in 
Taiwan, as the NCHC’s main objective is national technological 
advancement rather than profit-making. 

This study has several potential implications for managers of a 
traditional organization that has less advanced ICT expertise. To 
deploy and launch a RIIS, the managers need to establish and lead a 
radically innovative ICT-enabled service system. To establish and 
lead a radically innovative ICT-enabled service system, the 
managers must have an in-depth understanding of all of the business 



partners/stakeholders involved in the embedded value chain. 
Additionally, carrier-rights agreements and creative-rights 
agreements must be carefully developed and examined. The 
organization’s managers must also develop an effective business 
model (e.g., income sharing) to ensure success. Like in the case of 
iPalace, trust is also an issue. 

Traditional organizations may also face challenges such as (1) 
conflicting laws/regulations that discourage the development and 
implementation of an RIIS strategy; (2) ineffective partners that are 
unable to provide the expected service; (3) an inferior ICT 
infrastructure that makes the new ICT-enabled service unattractive 
and thereby invalidates the whole project; and (4) a low level of 
customer (or social) acceptance. Some market-related expenditure is 
also required to support the following objectives: (1) social 
objectives, such as gaining government support and social 
acceptance; (2) inter-organizational goals such as developing 
strategies to satisfy key stakeholders’ needs, identifying trustworthy 
partners, maintaining good institutional governance and 
understanding competitors’ strategies; and (3) managerial objectives 
such as building a high level of awareness of competition and 
capabilities in the market and responding to the market proactively. 

The experience of the NPM provides other traditional 
organizations with lessons on the deployment of sophisticated 
technology. For instance, when an organization comprehensively 
implements an RIIS strategy to gain competitive advantages, 
unsolved challenges similar to those previously described may 
inhibit the success of the RIIS and impede (delay) the organization’s 
evolution. On the other hand, these aforementioned challenges 
associated with RIIS entail a valuable business opportunity for 
organizations that are able to implement a promising 
organization-centered, ICT-enabled and radically innovative value 
chain. 
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Abstract—Anomalous patterns are observations that lie far 
away from the fitting function deduced from the bulk of the 
given observations. This work addresses the research issue to 
effectively identify anomalous patterns in both contexts of 
resistant learning, where there is no assumption about the 
fitting function form, and of changing environments. The 
resistant learning means that the learning procedure is not 
impacted significantly by the outlying observations. In literature, 
there is the resistant learning with searching a near-perfect 
fitting function for identifying the bulk of the majority of 
observations. However, the learning algorithm with searching a 
near-perfect fitting function suffers from time inefficiency. To 
effectively identify anomalous patterns in both contexts of 
resistant learning and changing environments, this study 
proposes a new resistant learning algorithm with envelope 
module that learns to evolve a nonlinear fitting function 
wrapped with a constant-width envelope for containing the 
majority of observations and thus identifying anomalous 
patterns. An illustrative experiment is set up to justify the 
effectiveness of the envelope module and the experimental result 
shows the positive promise. 

I. INTRODUCTION

In certain applications for which the input-output 
relationship is believed to be non-linear but is unknown, there 
can be occasional anomalous patterns that lie far from the 
bulk of the vast number of observations in input-output space. 
And the outlier detection is the key issue. Furthermore, the 
data nature is not only spatial dependent but also 
non-stationary and concept drifting. Thus the outlier detection 
usually relies on incremental learning techniques to 
constantly adjust the boundaries for identifying the majority 
that are evolved throughout the time and thus to recognize the 
anomalous ones. However, there are challenges to derive an 
algorithm for such detection of anomalous patterns. 

Agyemang et al. [1] point out that outlier detection is a 

very complex task that is similar to finding a needle in a 
haystack. Chandola et al. [4] provide a comprehensive 
overview of the existing outlier detection techniques by 
classifying them along different dimensions. They mention 
that a key observation of outlier detection is that it is not a 
well-formulated problem. They conclude that every unique 
problem formulation entails a different approach, resulting in 
a huge literature on outlier detection techniques. Ngai et al. 
[16] state that, in the case of financial fraud detection, the 
detection of a fraud case could be regarded as recognizing 
outliers from the healthy majority, and data mining 
techniques for outlier detection have seen only limited use.  

In practice, even given the independent variables, the 
function’s form is usually unknown, and the conventional 
outlier detection studies do not appear to generalize to the 
resistant learning problems. Tsaih and Cheng [23] propose an 
outlier detection algorithm which can cope with the context of 
resistant learning; however, the algorithm is rather 
complicated and time-consuming when both sizes of the 
reference pool and the input dimensionality are large. 
Furthermore, the algorithm cannot directly cope with the 
outlier detection problem whose data nature is non-stationary 
and concept drifting. 

T deal with the outlier detection problem in both contexts 
of resistant learning and changing environments, this study 
proposes a new resistant learning algorithm with the envelope 
module that is derived from changing the algorithm proposed 
by Tsaih and Cheng [23] by replacing a tiny pre-specified 
tolerance value of the envelope module with a non-tiny 
value that evolves a nonlinear fitting function f wrapped with 
an envelope whose width is 2 .

This envelope module is distinct from the idea of Tsaih 
and Cheng, who want to evolve the fitting function to almost 
precisely fit all of the reference observations (because the 
corresponding  value is tiny). Furthermore, the proposed 
envelope module can help to identify the anomalous patterns 
with less computational effort compared with the algorithm 
of Tsaih and Cheng. The envelope module helps to deal with 
the outlier detection problem in both contexts of resistant 
learning and changing environments. 

The remainder of this paper is organized as follows: the 
literature reviews are introduced in Sections II and III, 
respectively. The proposed envelope module and its 
justification are introduced in Sections IV and V. An 
illustrative experiment is presented in Section VI. Finally, 
conclusions and future research directions are presented in 
Section VII. 
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II. THE DETECTION OF ANOMALOUS PATTERNS

In literature, there is an application in which DNA 
microarray technology is used to simultaneously probe 
thousands of gene expression profiles for disease 
classification, to identify outlier genes that are overexpressed 
in only a small number of disease samples. Tomlins et al. [22] 
propose cancer outlier profile analysis (COPA) to identify 
outlier genes. The COPA approach standardizes gene 
expression by centering at the median and scaling by the 
absolute deviation of the median. A kth percentile of the 
standardized expression value is then used as a cut-off point 
to identify the outlier gene. Tibshirani and Hastie [21] 
propose the outlier-sum statistic to improve on the COPA 
method. Compared to the traditional t-statistic, 
outlier-associated methods have the potential to detect a 
larger number of differentially expressed genes in 
heterogeneous data sets, at a lower false discovery rate [5]. 
However, these methods are less powerful than the 
approaches based on t-statistics when the differential 
expression is presented throughout the distribution or is 
concentrated at the center of the distribution as opposed to 
being concentrated in the tails [24]. 

Another issue of outlier detection is that fitting the 
observations with outliers could decrease the effectiveness of 
the fitting function because the outliers might have a large 
influence on model estimation, with their unusual high fitting 
deviances. Therefore, removing the outliers before the 
model-building process can help to fix this problem. For 
example, Connor and Martin [7] propose a robust learning 
algorithm that attempts to filter outliers from the training data 
first and then estimates the parameters from the filtered data. 
Windham [25] proposes a procedure to robustify any model 
fitting process by using weights from a parametric family 
from which the model is to be chosen, which is referred to as 
“robust model fitting.” Methods for model selection and/or 
variable selection in the presence of outliers have been 
discussed in Hoeting et al. [8] and Atkinson and Riani [3]. 
Knorr and Ng [10][11] and Knorr et al. [12] focus on the 
development of algorithms for identifying the distance-based 
outliers in large data sets. Chuang et al. [6] propose a robust 
support vector regression method for the problem of function 
approximation with outliers. Sluban et al. [20] aim at 
detecting noisy instances for improved data understanding, 
data cleaning and outlier identification by presenting an 
ensemble-based noise ranking methodology for explicit noise 
and outlier identification. Specifically, they develop a 
methodology enabling the detection of noisy instances to be 
inspected by human experts in the phase of data cleaning, data 
understanding and outlier identification. 

All of these methods are based on a family of parametric 
models or a given model form with several independent 
variables. Still, a substantial number of factors, such as the 
selection of variables and the function’s form, make the 
identification of outliers very difficult because the outliers are 
model dependent. Even though the explanatory variables are 
known, the outlier detection is still a study issue.  

III. THE RESISTANT LEARNING

From a statistics perspective, outlier detection research can 
be conducted in either the context of model estimation or the 
context of resistant learning [23]. In the context of model 
estimation, the response y is modeled as f(x, w) + , where w
is the parameter vector and  is the error term. The function 
form of the fitting function f is predetermined and fixed 
during the process of deriving values for its associated w from 
a set of N given observations {(x1, y1), , (xN, yN)}, with yc

being the observed response corresponding to the cth 
observation with explanatory variables xc. The least squares 
estimator (LSE) is one of the most popular methods for 
performing the estimation. The generalized delta rule 
proposed by Rumelhart et al. [19] is a kind of nonlinear LSE. 

If ŵ denotes an estimate of w, then LSE is defined to be 

the ŵ  that minimizes 
N

c 1
(ec)2, in which 

ec = yc - f(xc, w).       (1) 

Intuitively, outliers are those observations with large error
ec and far away from the fitting function f.  Of course, the 
errors depend on the fitting function, i.e., model-dependent, 
while the LSE, on the other hand, is very sensitive to outliers. 
In practice, the fitting function form and identification of 
outliers interact with each other which complicate identifying 
the true outliers. 

In the context of resistant learning, the function form of f is 
adaptable during the process of derivation of its associated w
from a set of N given observations {(x1, y1), , (xN, yN)}. 
Here, “resistant” is equivalent to “robust.” The terms “robust” 
and “resistant” are often used interchangeably in the 
statistical literature, but sometimes have specific meanings 
[9]. Robust procedures are those whose results are not 
impacted significantly by violations of the model 
assumptions (such as when the errors are normally 
distributed). Resistant procedures are those whose numerical 
results are not impacted significantly by outlying 
observations. 

Tsaih and Cheng [23] propose an algorithm with a tiny 
pre-specified  value (say, 10-6) that can deduce a proper 
nonlinear function form f and ŵ such that |yc - )ˆ,( wxcf | ,
for all c. These authors adopt both robustness analysis and 
deletion diagnostics to address the presence of outliers. 
Robustness analysis entails adopting the idea of a C-step [18] 
for deriving an (initial) subset of m+1 reference observations 
to fit the linear regression model, ordering the residuals of all 
N observations at each stage and then augmenting the 
reference subset gradually based upon the smallest trimmed 
sum of squared residuals principle. At the same time, the 
weight-tuning mechanism, the recruiting mechanism, and the 
reasoning mechanism allow the single-hidden layer 
feed-forward neural networks (SLFN) to adapt dynamically 
during the process and to be able to explore an acceptable 
nonlinear relationship between explanatory variables and the 
response in the presence of outliers. The deletion diagnostic 
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approach is employed with the diagnostic quantity as the 
number of pruned hidden nodes when one observation is 
excluded from the reference pool. This diagnostic quantity 
indicates whether the SLFN is stable. 

IV. THE CONCEPT OF ENVELOPE MODULE

This study changes the algorithm proposed by Tsaih and 
Cheng [23], which uses a tiny  value, into the envelope 
module with a non-tiny  value that evolves a nonlinear fitting 
function f wrapped with an envelope whose width is 2 . The 
setting of the  value depends on the user’s perception of the 
data and its associated outliers. For example, the perceptions 
are that the error is normally distributed, with a mean of 0 and 
a variance of 1, and the outliers are the points that have 
residuals that are greater than 1.96 (when the absolute value is 
taken). These perceptions are similar to the setting in the 
regression analysis that corresponds to a 5% significance 
level. Given that the error terms follow the normal 
distribution. Then, the user can set the  value of the proposed 
envelope module to 1.96 and define the outliers as the points 
that have residuals that are greater than * * , where  is the 
standard deviation of the residuals of the current reference 
observations and  is a constant that is equal to or greater than 
1.0, depending on the user’s stringency in the outlier 
detection. The larger the  value is, the more stern is the 
outlier detection. 

The idea behind taking a larger rejection bound * *  is 
similar to the main concept in Repeated Significance Tests 
[15] and Group Sequential Tests [17]. Because we search for 
potential outliers sequentially (i.e., the problem of multiple 
testing), a type-I error will definitely increase, and we must 
re-adjust the significance level. 

V. THE JUSTIFICATION OF ENVELOPE MODULE

We shall first define the notations that are used to describe 
the proposed approach. The SLFN is defined in (2) and (3), 

where tanh(x)
xx

xx

ee
ee ; m is the number of explanatory 

variables xj’s; x (x1, x2, …, xm)T; p is the number of adopted 
hidden nodes; H

iw 0  is the bias value of the ith hidden node; the 
superscript H throughout the paper refers to quantities related 
to the hidden layer; H

ijw  is the weight between the jth

explanatory variable xj and the ith hidden node; ow0  is the bias 
value of the output node; the superscript o throughout the 
paper refers to quantities related to the output layer; and o

iw
is the weight between the ith hidden node and the output node. 
In this article, a character in bold represents a column vector, 
a matrix, or a set, and the superscript T indicates the 
transposition. 

ai(x)  tanh( H
iw 0 +

m

j 1

H
ijw xj).            (2) 

f(x) ow0 +
p

i 1

o
iw tanh( H

iw 0 +
m

j 1

H
ijw xj).           (3) 

Furthermore, let H
iw  ( H

iw 0 , H
iw 1 , H

iw 2 , …, H
imw )T; wo

( ow0 , ow1 , ow 2 , …, o
pw )T; wH

H
p

H

H

w

w
w

2

1

; and w
o

H

w
w .

Here, we assume that wo and wH are non-zero variable 
vectors and p is an integer variable that is always positive. 
Note that because the value of p is adjustable, the (nonlinear) 
function form of f is adaptable, and the hyperbolic tangent 
function is used here as the base of f.

Through this SLFN, the input information x is first 
transformed into a (a1, a2, …, ap)T, and the corresponding 
value of f is generated by a rather than x. In other words, 
given the observation x, all of the corresponding values of 
hidden nodes are first calculated with ia = tanh( H

iw 0 +
m

j 1

H
ijw jx ) for all i and the corresponding value f(x) is then 

calculated as f(x) = g(a) ow0 +
p

i 1

o
iw ia .

Table I presents the proposed envelope module. Assume 
that there is a total of N observations, N m+1, and xi xj

when i j. Let I(N) be the set of indices of all of the 
observations. Let the nth stage of the corresponding process, N

n > m+1, be the stage of handling n reference observations, 
which are the observations with the smallest n squared 
residuals among N squared residuals, and let I(n) be the set of 
indices of these reference observations. At the nth stage, we 
look for an acceptable SLFN estimate that leads to a set of 
{(xc, yc): c )(ˆ nI } with (ec)2 2 for all c )(ˆ nI  and I(n)

)(ˆ nI , where ec is defined in (1) and 2  is equal to the 

pre-specified width of the envelope. At the nth stage, )(ˆ nI  is 
the set of indices of the observations that are contained in the 
obtained envelope. | )(ˆ nI | n because I(n) )(ˆ nI . In other 
words, at the end of the nth stage, the acceptable SLFN 
estimate presents a fitting function f around an envelope that 
contains at least n observations in {(xc, yc): c )(ˆ nI }. Let 

)(nI  be the set of indices of (xc, yc) that have the smallest n
squared residuals among N squared residuals at the end of the 
nth stage. )(nI )(ˆ nI , and )(nI  may not be equal to I(n).

TABLE I. 
THE PROPOSED ENVELOPE MODULE

Step 1: Arbitrarily obtain the initial m+1 reference observations. 
Let I(m+1) be the set of indices of these observations. 
Set up an acceptable SLFN estimate with one hidden 
node regarding the reference observations {(xc, yc): c
I(m+1)}. Set n = m+2. 
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Step 2: If n > N, STOP. 
Step 3: Present the n reference observations (xc, yc) that are the 

ones with the smallest n squared residuals among the 
current N squared residuals. Let I(n) be the set of indices 
of these observations. 

Step 4: If 
2

22
2

)1(
)1()(

N
nec c I(n), go to Step 7. 

Step 5: Assume I(n), 
2

22
2

)1(
)1()(

N
ne , and 

2

22
2

)1(
)1()(

N
nec

c I(n)-{ }. Set w~  = w.
Step 6: Apply the gradient descent mechanism to adjust weights 

w until one of the following two cases occurs: 
(1) If the deduced envelope (with the width * ) contains at 

least n observations, then go to Step 7. 
(2) If the deduced envelope does not contain at least n

observations, then set w = w~  and apply the 
augmenting mechanism to add extra hidden nodes to 
obtain an acceptable SLFN estimate. 

Step 7: Implement the pruning mechanism to delete all of the 
potentially irrelevant hidden nodes; n + 1 n; go to Step 
2.

The proposed envelope module in Table I executes the 
following two procedures: (i) the ordering procedure 
implemented by Step 3 that determines the input sequence of 
reference observations and (ii) the modeling procedure 
implemented by Step 6 and Step 7 that adjusts the number of 
hidden nodes adopted in the SLFN estimate and the 
associated w to evolve the fitting function f and its envelope 
to contain at least n observations at the nth stage. The details 
are explained as follows. 

In Step 1, we arbitrarily obtain the initial m+1 reference 
observations {(xc, yc): c I(m+1)}. The number m+1 is also 

the number of the associated H
1w  and Hw10 . We can use the 

data set {(xc, tanh-1(
2minmax

1min

)()(

)(
c

Nc

c

Nc

c

Nc

c

yy

yy

II

I )): c I(m+1)} to set 

up the system (4), which is a system of m+1 linear equations 
in m+1 unknowns. Then, the values of ow0  and ow1  are 
assigned as 1min

)(

c

Nc
y

I
 and 2minmax

)()(

c

Nc

c

Nc
yy

II
,

respectively. Step 1 uses the weight values Hw10  and H
1w  that 

were obtained from solving system (4) and the assigned 
values of ow0  and ow1  to set up an acceptable SLFN estimate 

that renders (ec)2 = 0 
2

22

)1(N
m =

2

22

)1(
)11(

N
m , for all c

I(m+1).

Hw10 +
m

j 1

H
jw1

c
jx = tanh-1(

2minmax

1min

)()(

)(
c

Nc

c

Nc

c

Nc

c

yy

yy

II

I ) for all c I(m+1).

                                        (4) 

At the nth stage, Step 3 presents the n reference 
observations {(xc, yc): c I(n)}, which are the observations 
with the smallest n squared residuals among the current N

squared residuals and are used to evolve the fitting function. 
Step 3 adopts the concept of forward selection [2], ordering 
the residuals of all N observations and then augmenting the 
reference subset gradually by including extra observations 
one by one to determine the input sequence of the reference 
observations. However, )(nI  might not equal I(n).
Specifically, some of the reference observations at the early 
stages might not stay in the set of reference observations at 
the later stages, although most of them will. 

Note that, at the end of the n-1th stage, the ones in {(xc, yc): 
c )1(nI } are the smallest n-1 squared residuals among N

squared residuals, and 
2

22
2

)1(
)2()(

N
nec  for all c )1(nI .

Thus, at Step 3, {(xc, yc): c I(n)} = {(xc, yc): c )1(nI }

{(x , y )}, where
2

22
2

)1(
)1()(

N
nec  for all c )1(nI  and (x ,

y ) is the observation with the nth smallest squared residuals 
among the N squared residuals at the beginning of the nth

stage. (x , y ) is named as the next point at the nth stage. 
Therefore, at Step 4, to check if 

2

22
2

)1(
)1()(

N
nec  for all c I(n)

is the same as checking if 
2

22
2

)1(
)1()(

N
ne . If 

2

22
2

)1(
)1()(

N
ne ,

then
2

22
2

)1(
)1()(

N
nec  for all c I(n); only the pruning 

mechanism of Step 7 is involved, and the next stage can be 
implemented. If 

2

22
2

)1(
)1()(

N
ne , then we still have 

2

22
2

)1(
)1()(

N
nec  for all c I(n)-{ }, and Step 6 is executed. 

The modeling procedure implemented by Step 6 to Step 7 
requires proper values of w and p so that the obtained 
envelope contains at least n observations at the end of the nth

stage. Specifically, at the beginning of Step 6, the gradient 
descent mechanism is applied to adjust the weights w. One of 
the gradient descent mechanisms proposed in the literature is 
the weight-tuning mechanism [23] for )(min w

w nE
)(nc I
( ow0

+
p

i 1

o
iw tanh( H

iw 0 +
m

j 1

H
ijw

c
jx ) - yc)2 + 1||w||2. However, a 

result of implementing the gradient descent mechanism might 
be getting stuck in a local optimum. Another possible 
scenario of getting stuck in a local optimum is when the 
SLFN estimate obtained at the previous stage is defective 
regarding the modeling job of the current stage, i.e., the 
current number of hidden nodes is not sufficient for the SLFN 
estimate to work well for the modeling job of the current stage. 
Both scenarios lead to an unacceptable SLFN estimate 
regarding the reference observations, and unfortunately, at 
present, there is no perfect optimization mechanism to 
simultaneously cope with both scenarios. 

Step 6.2 restores the w~  that is stored in Step 5. Thus, we 
return to the previous SLFN estimate, which renders 
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2

22
2

)1(
)1()(

N
ne  and 

2

22
2

)1(
)1()(

N
nec  for all c I(n)-{ }.

Then, the augmenting mechanism should recruit extra hidden 
nodes to render 

2

22
2

)1(
)1()(

N
nec  for all c I(n). One of the 

augmenting mechanisms proposed in the literature is the 
recruiting mechanism of Tsaih and Cheng [23], which adds 
two extra hidden nodes to the previous SLFN estimate to 
render 

2

22
2

)1(
)1()(

N
nec  for all c I(n).

To decrease the complexity of the fitting function f, the 
pruning mechanism is proposed in Step 7 to delete potentially 
irrelevant hidden nodes. At the nth stage, a hidden node is 
potentially irrelevant if it is deleted, and the application of the 
gradient descent mechanism can accomplish the goal that the 
obtained envelope contains at least n observations. A 
defective SLFN estimate triggers the augmenting mechanism 
in Step 6.2, but the situation of leading to an undesired local 
minimum also triggers the augmenting mechanism. Thus, the 
augmenting mechanism could recruit excess hidden nodes 
that later become irrelevant. The irrelevant hidden nodes are 
useless with respect to the learning goal, and they could result 
in the overfitting likelihood of the fitting function f. One of 
the pruning mechanisms proposed in the literature is a 
reasoning mechanism given in [23]. 

Although Steps 4 to 7 presented in this study are similar to 
the steps presented by Tsaih and Cheng, the  value adopted 
here is much larger than the value in Tsaih and Cheng [23]. 
Specifically, the proposed envelope module wants to evolve 
the fitting function around an envelope, to contain at least n
observations at the nth stage. This approach is distinct from 
the idea of Tsaih and Cheng, which attempts to evolve the 
fitting function to almost precisely fit all of the reference 
observations {(xc, yc): c I(n)} at the nth stage (because the 
corresponding  value is tiny). 

The proposed module would result in a fitting function 
with an envelope that includes all of the observations, and we 
would expect that the outliers will be included at later stages. 
In addition, we use the deviance information as the extra 
information to define the outliers. Specifically, here we adopt 
both the deviance information and the order information to 
identify the outliers. Regarding the deviance information for 
identifying the outliers, at Step 3 of the nth stage, we further 
calculate the standard deviation of (ec)2 of {(xc, yc): c

)1(nI } and the deviation of the next point (x , y ) from the 
current fitting function f. Here, we define the diagnostic
quantity for the outlier as the ratio of the residual of the next 
point in absolute value to the standard deviation of (ec)2 of 
{(xc, yc): c )1(nI }, assuming that the errors follow a 
normal distribution N(0, 2) and the outliers are the points 
that have residuals greater than (in absolute value). Thus, if 
the diagnostic quantity is greater than * , then the next point 
is treated as a potential outlier. Here,  is a constant that is 
equal to or greater than one, depending on how stringent the 
threshold is for the outliers. 

Regarding the order information for identifying the outliers, 
we propose two approaches, fixed and flexible. The fixed 
approach is to treat the last 5% of the observations as potential 
outliers. Namely, if n  0.95N AND the diagnostic quantity is 
greater than * , then the next point is recorded as the 
identified outlier. 

However, the flexible approach assumes that we know the 
number of outliers, say k, and treat the last k observations as 
potential outliers. Specifically, regarding the flexible 
approach, if n N-k AND the diagnostic quantity is greater 
than * , then the next point is recorded as the identified
outlier.

VI. AN ILLUSTRATIVE EXPERIMENT

A. The experiment design and the result  
We apply the proposed envelope module to 100 simulation 

runs to evaluate the effectiveness of detecting the outliers. For 
each simulation run, we use the nonlinear model stated in (5) 
to generate a set of 100 observations for which the 
explanatory variable X is equally spaced from 0.0 to 20.0 and 
the error is normally distributed, with a mean of 0 and a 
variance of 1. Here, the theoretical fitting function f is the 
function stated in (5), and the theoretical outliers are the 
points with residuals, as compared to (5), that are greater than 
1.96 in absolute value. This definition is similar to the setting 
in the regression analysis that corresponds to a 5% 
significance level given the normal distribution.

Y=0.5 + 0.4*X + 0.8*Exp(-X) + Error.          (5)

Here, we set the  value of the proposed envelope module 
to 3, which is smaller than but close to 1.96, the threshold 
for the theoretical outliers. With a stringent threshold for the 
outlier in mind, the  value of the proposed envelope module 
is set such that 3*  is equal to 2.5. The idea behind taking a 
larger rejection bound of 2.5 is similar to that in the Repeated 
Significance Tests [15] and Group Sequential Tests [17]. 

Table II shows the number of theoretical outliers in 100 
simulated data sets. For example, there are 16 simulation runs, 
each of which has 3 theoretical outliers, and there are 14 runs 
that have 4 theoretical outliers. On average, there are 4.97 
theoretical outliers in each observation set. As shown in Table 
II, there are 60 runs with 5 or fewer than 5 theoretical outliers. 
Among the data sets of these 60 runs, on average, there are 
3.55 theoretical outliers. At the same time, there are 40 runs 
that have at least 6 theoretical outliers, and on average, there 
are 7.1 theoretical outliers. Note that the error terms were 
generated using the freeware R, version 2.12.0.

TABLE II. 
NUMBER OF THEORETICAL OUTLIERS IN 100 SIMULATION DATA SETS

Number of theoretical outliers Number of simulation runs 
1 2 
2 11 
3 16 
4 14 
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5 17 
6 21 
7 7 
8 5 
9 4 
11 3 

Without losing generality, the 10th data set shown in Fig. 1 
is used to illustrate the model fitting and the outlier detection 
for using the proposed envelope module. Among 100 
observations in the 10th data set, there are six theoretical 
outliers, marked with the red square shown in Fig. 1. 

Apparently, these outliers are located outside of the bulk of 
the majority of 100 observations. 

Fig. 2 shows the graphs of {(xc, yc): c )1(nI } and the 
corresponding next point (x , y ) obtained at Step 3 of the 71st,
72nd, 96th, 98th, and 100th stage, as well as the graph of the 
final fitting function and its envelope regarding the 10th

simulation run. The round circle denotes the next point. As 
shown in Fig. 2, the proposed algorithm evolves the fitting 
function and its envelope accordingly, to contain the 
corresponding next point (x , y ).

Fig. 1. The graph of {(xc, yc)} of the 10th data set.

Fig. 2. The graphs of {(xc, yc): c )1(nI } and the corresponding next point (x , y ) obtained in Step 3 of the 71st, 72nd, 96th, 98th, and 100th stage 
and the graph of the final fitting function and its envelope regarding the 10th data set. 

B. The evaluation 
We use the non-linear regression method associated with 

the function form of equation (5) as the benchmark for 
evaluating the performance on outlier detection of our 
proposed algorithm. 

 The following two error measurements are also adopted to 
evaluate the performance of outlier detection: Type I and 
Type II errors. The Type I error is defined as the proportion of 
theoretical non-outliers that were mis-specified as identified 
outliers, and the Type II error is the proportion of theoretical 
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outliers that were mis-specified as identified non-outliers. In 
many applications, such as medical diagnosis, other criteria 
similar to these two errors are also used, as in Lalkhen and 
McCluskey [13] and Loong [14]. For example, Specificity 
and Sensitivity are two frequently used criteria, where 
Specificity = 1  Type I error and Sensitivity = 1  Type II 
error. 

Table III lists the mean and standard deviation of Type I 
and II errors of the outlier detection regarding the envelope 
module and the benchmark. The last column indicates that 
99.53% of the non-outliers are identified correctly and 
80.49% of the outliers are identified correctly with respect to 
the benchmark. Surprisingly, the Type II error for the 
benchmark is fairly large. Approximately 20% of the outliers 
cannot be identified, even though we know the relationship 
between the response variable Y and the exploratory variable 
X.

TABLE III. 
TYPE I AND II ERRORS.

Envelope module 
Benchmark 

Flexible Fixed 
Type I error 1.19% 1.22% 0.47% 
Type II error 52.52% 54.53% 19.51% 

The type II errors regarding the envelope module with the 
flexible and fixed approaches are 52.52% and 54.53%, 
respectively. Note that, if we perform the outlier detection 
randomly without the knowledge of the fitting function form, 
the Type I and Type II errors are approximately 5% and 95%, 
respectively, because on average, there are 4.97 outliers in 
each set of 100 observations. In other words, the envelope 
module with the flexible approach contributes a 42.48% (= 
95%  52.52%) effect on the outlier detection, which is 
significantly large. This result is a large improvement on 
having no information, although the errors of the proposed 
module are still larger than those of the benchmark. 

VII. DISCUSSION AND FUTURE RESEARCH

This study proposes an envelope module which adopts 
both the deviance information and the order information to 
identify the outliers. The proposed envelope module is based 
on data. In other words, at the nth stage, the envelope has 
evolved to contain the reference observations of {(xc, yc): c

)1(nI }  {(x , y )}, and the identified outlier is the next 
point (x , y ), whose deviation from the fitting function f is 
greater than * * , where  is the standard deviation of the 
residuals of {(xc, yc): c )1(nI }.

In contrast with the algorithm proposed by Tsaih and 
Cheng [23], the envelope module uses a non-tiny  value 
instead of a tiny  value that results in a nonlinear fitting 
function f around the envelope whose width is 2 . Also, the 
envelope should contain at least n observations at the nth stage. 
This is different from the concept of searching the fitting 
functions of all the n reference observations at the nth stage, 
which tends to result in overfitting to the noisy data. 

In summary, this study has fulfilled the following two 
objectives: (1) Revise the algorithm of Tsaih and Cheng [23] 
to form an effective way of identifying outliers in the context 
of resistant learning. (2) Set up an illustrative experiment to 
justify the effectiveness of the envelope module in identifying 
outliers in the context of resistant learning. 

Because of the complexity of outlier detection in the 
context of resistant learning, this study is the first study to 
derive an effective module for outlier detection. To deal with 
the outlier detection problem in both contexts of resistant 
learning and changing environments, future goals of this 
study are as follows: 
(1) Integrate the moving window strategy with the envelope 

module into an outlier detection algorithm that can work 
in both contexts of resistant learning and changing 
environments. For instance, the new resistant learning 
algorithm is applied to the daily S&P 500 stock index 
futures price data from year 1984 to year 1993 for the 
outlier detection. The moving window strategy is as 
follows: the envelope module is applied to the 4-year 
daily data, from year 1984 to year 1987, to construct a 
proper envelope. This envelope is then applied to the 
outlier detection in year 1988. We replicate this strategy 
throughout the period from year 1989 to year 1993. In 
other words, the period of outlier detection in the 
simulation is from year 1988 to year 1993. 

(2) Set up a real-world experiment (regarding security 
applications) to explore the effectiveness of the derived 
outlier detection algorithm. 

(3) Explore the reality of identified outliers in a real-world 
experiment. In other words, we would like to explore 
some of the following questions: Are some of the 
identified outliers the real outliers? Are there any further 
analyses that can help to understand the method of 
detecting them and assessing their real-world impact? 

(4) Apply the outlier detection algorithm to a real-work 
problem such as the detection of abnormal network 
behaviors and zero-day attacks. 
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3. 請依學術成就、技術創新、社會影響等方面，評估研究成果之學術或應用價
值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）（以

500字為限） 

 

本計畫所探討之故宮影音頻道構想和雛型已被故宮接受，將其轉化為故宮教

育頻道。初期之故宮教育頻道將利用國網中心之雲端平台，傳播故宮之數位

典藏和文化創意成果到台灣之國小、國中、高中、大學學校。特別注重偏遠

地區之社會推廣/社會實踐，以期弭平城鄉的數位落差。待故宮教育頻道之運

作穩定且成效斐然時，故宮將廣邀全台灣的博物館共襄盛舉，一起推動全台

灣的博物館美學雲。故宮教育頻道之宗旨不是在於數位學習層面，而是在於

數位典藏和文化創意成果之社會推廣/社會實踐層面。 
 


