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Abstract 

 
The planning and construction of urban utility tunnel 

symbolizes the important indicators of urban overall upgrading 
and modernization. Urban utility tunnel BIM model can be 
used as the underlying data of the current GIS operation and 
maintenance management platform, including the geometric 
attributes, data resources, material attributes, operation and 
maintenance requirements and attributes of the model, it can be 
directly used in CityGML. The format will reduce the 
investment of a large amount of manpower in the construction 
of the GIS model. Although each BIM and GIS technology has 
corresponding functional features, it is still unable to serialize 
and convert the format and data. The generated IFC format is 
used for the comparison and application of the CityGML grid 
test in GIS, and it is known that there is still a problem of 
information asymmetry and omission. This paper takes the IFC  
and CityGML, which are common in BIM and 3DGIS, as the 
main language objects of analysis, and discusses the 
interactivity and operational technology architecture of 
BIM-IFC and GIS-CityGML. Finally, relying on a practical 
case for application and discussion. 
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I. Introduction 

     
The planning and construction of urban utility tunnel 

construction symbolizes the important index of urban overall 
upgrading and modernization. In the future, the overall 
construction of urban utility tunnel will further develop towards 
digital construction, intelligent pipe corridor and other aspects 
in order to maximize public benefits. With the application of 
BIM (Building Information Modeling) technology in 
construction projects becoming more and more mature, other 
municipal projects such as roads, subway, bridges, 
comprehensive corridors and other municipal projects are 
gradually flourishing to introduce the application of BIM 
technology. The utility tunnel construction project discussed in 
this paper is different from the fixed location and volume 
characteristics of the general single building. Compared with 
the characteristics of the single building, it can be seen that the 
utility tunnel itself is composed of the building structure and 
has the continuous linear underground space distribution 
characteristics. Therefore, it conforms to the application of 
BIM and GIS in the representation and presentation of the 
building information model in the layers at the same time. 
Therefore, if the BIM model of urban utility tunnel 

construction can be used as the underlying data of the current 
GIS operation and maintenance management platform, 
including the geometric attributes, data resources, material 
attributes, operation and maintenance needs and attributes of 
the model, and can be directly applied to the CityGML (City 
Geography Markup Language) format, it will reduce a lot of 
manpower investment in the construction of the GIS model, 
although each BIM and GIS technology have corresponding 
functional characteristics. However, it is still impossible to 
connect and convert formats and data in series. In the past, 
relevant studies have compared and applied CityGML formats 
in GIS for IFC formats generated by BIM building 
ontology[1-4]. It is known that there are still problems of 
information asymmetry and omission[2]. In this paper, the 
common data model standards IFC (Industry Foundation 
Classes) and City Geography Markup Language (City 
Geography Markup Language) in the field of BIM and 3D GIS 
are used as the main language objects for analysis, and the 
interaction and operation technology framework between 
BIM-IFC and GIS-City GML are discussed. 

 
II. Interaction and Operational Technology of BIM-IFC 

and GIS-CityGML 
 

BIM technology in the field of construction engineering and 
informatization of GIS technology in the field of geographic 
information have become a hot research and application topic 
at home and abroad[1,2]. If a complete set of geographic 
information system technology can fully apply the completed 
BIM model, it will save a lot of manpower and material 
resources in the drawing of GIS model. Therefore, how to 
connect IFC format in BIM model to CityGML lattice in GIS 
Formula will become an important data interface and research 
issue. The similarities and differences between BIM model and 
GIS model are shown in Table 1. There are differences in 
geometric expression, Semantic information, model 
appearance and scale of representation. Therefore, it is difficult 
to achieve the complete mapping between IFC and CityGML. 
The functional characteristics and comparison results of BIM 
and GIS technologies show that the details and uses of BIM and 
GIS technologies are different, but BIM and GIS belong to two 
different fields in the past. Therefore, how to connect the 
related technologies in series to achieve the technology of 
sharing one platform between the two models, and how to 
continue to expand and apply, is the research and investment at 
home and abroad.  
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situations, then the tacit knowledge transference process can be 
easily activated and properly used by the knowledge receivers. 
This feature requires applying the situational teaching method 
in art and design education at high vocational colleges to attach 
importance to simulating or reproducing design fields.  

 
 

Structure science is one of the basic professional courses of 
art and design, and beginners are unable to associate the basic 

design knowledge with the practical design experience in their 
brains; hence, for teaching, teachers are required to simulate or 
create situations suitable for basic teaching. For instance, they 
introduce handicraft into the structure science through 
descriptions on the theoretical knowledge of structure science 
to reshape the teaching situation of structure science. They then 
take handicraft learning as the situation and import the 
theoretical knowledge of structure science to enable students to 
repeat and experience the teachers’ way of thinking in design 
and to feel and comprehend the meaning of the establishment of 
teaching situations. 
 
C. Emphasis on the process of analogical reasoning 

On the training of tacit abilities, Polanyi believed that skills 
and discriminability are transmitted by examples, and Kant also 
noted that judgment (whether prescriptive judgment or 
reflective judgment) is improved by examples. Analogical 
thinking or example reasoning is the basic way to effectively 
transmit or acquire tacit abilities [7]. However, the analogical 
reasoning process cannot be stylized, formalized, and 
mechanized. Hence, during design education, teachers are 
required to pay attention to not only the effects of the examples 
on the students, but also to the students’ simulation exercises 
during the analogical reasoning process, so as to help them 
improve their tacit abilities in simulation exercises. 

 
Conclusion 

 
    If art and design education in high vocational colleges 
merely simulates modern educational modes, then tacit 
knowledge inheritance in the discipline system will be easily 
neglected. As a result, in high vocational colleges, three 
apprenticeship educational modes are advocated: learning from 
masters, seniors, and peers. Situational teaching is applied to 
simulate or reproduce design fields, and the process of 
analogical reasoning is emphasized to strengthen learning and 
grasping of strong tacit knowledge. Studies on tacit knowledge 
provide favorable theoretical support to the research and 

reform of art and design education in high vocational colleges 
and will play an important role in the talent cultivation therein. 
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Fig. 1 Framework of BIM and GIS Information Exchange Standards for Urban Utility Tunnel 

 
 

IV. Discussion on the Requirements of Integrated Utility 
Tunnel BIM Importing GIS Platform 

 
The case applied in this study is a urban utility tunnel 

construction project in Xiamen City, China, which has been 
completed design stage. The BIM model is currently in the 
LOD300, and the modeling software used in this study is 
Autodesk Revit®, the GIS platform used SuperMap®. 
According to the building characteristics and related facilities 
of the urban utility tunnel project, the BIM model of the urban 
utility tunnel includes master plan, structure, auxiliary 
structure, auxiliary system and so on, Relevant design model as 
shown in Fig 2a-f. In the aspect of GIS requirements 
corresponding to BIM model, this research, after investigating 
the actual situation of GIS technology companies, aims at the 
needs of GIS graphics, GIS operation and maintenance, and 
graph lightweight, as shown in appendix table 1. The effect of 
the conversion is shown in Figure 2g-h. It can be known that in 
general planning, because most of the contents, such as site 
conditions, have been included in the software of GIS, and the 
vertical configuration and content of the integrated corridor can 
be reflected in BIM modeling, it is not necessary to import the 
BIM model into GIS for presentation or use at this stage. In the 
aspect of structure, after the investigation of actual operation 
and maintenance needs, in the aspect of structure, only the 
utility tunnel ontology as a visual management object is needed. 
In fact, it does not need operation and maintenance of the utility 
tunnel ontology, only the main structure is retained and there is 
a lightweight demand. In terms of the structure of the utility 
tunnel, because of the need for more ventilation ports, feeding 
ports and so on, it is necessary to connect sensors or manage 
personnel access in the future. Most of the projects have the 
needs of GIS graphics, operation and maintenance and 
lightweight. Others, including homes and pipeline drainage, do 
not need to be included in the scope of operation and 
maintenance, only need visual presentation and lightweight. In 
terms of ancillary systems, most systems involve future 
operational maintenance requirements, including graphical, 
operational maintenance and lightweight requirements. 

 
 

a. Main structure b. Material input port 

 
 

c. Pipeline outlet d. Human Import and export 

  
e. Fire (Water) Protection 

System f. Node structure 

  
g. BIM model (before import) h. GIS platform model 
 
Fig. 2 Utility tunnel Structure, auxiliary structure and conversion 
model 
 

TABLE I 
SIMILARITIES AND DIFFERENCES BETWEEN BIM AND GIS 

 
Content 

comparison 
IFC CityGML 

Geometric 
expression 

Boundary description 
Body formed by 
stretching or rotation. 
Solid geometry 

Boundary 
description 
 

Semantic 
information 

A large number of 
architectural detail 
descriptions and 
spatial relationships 
between different 
components 

Multilevel 
Semantic 
Information 
Classification 

Model 
appearance 

Less texture, mainly 
material presentation 

Multiple LOD 
levels have 
corresponding 
texture features 

Representation Presentation of a single 
building or entity 

Wide-ranging 
presentation 

 
III. Development of Integrated Framework of BIM-IFC 

and GIS-CityGML for Urban Utility Tunnel Construction 
 

The interface of BIM-IFC and GIS-CityGML semantics 
information is shown in Figure 1. It consists of BIM module, 
GIS module and system architecture module. Finally, it 
develops into a set of interfaces of BIM-IFC and GIS-CityGML 
semantics information. The details of the three modules are as 
follows: 
A. BIM module: The design and construction drawings of urban 
utility tunnel are mapped into BIM model, and the required 
information of main components, including geometric 
instruction parameters and geometric primitive parameters, is 
input into BIM model, and then the IFC format is exported, 
which can be used to classify the required information 
according to the level of development of different models. 
B. GIS module: The area and scope covered by urban 
comprehensive corridor GIS are used as data base to produce 
visual content of spatial analysis, which can be used as visual 
information of GIS. By exporting CityGML format, the 
information required by different LOD (Level of Development) 
models can be classified. 
C. System Integration Module: It consists of three 
sub-modules: Technical Architecture, Standard Architecture 
and Management Architecture. It is described as follows: 

(1) Technical Framework: For the core of this project's 
algorithm and computing engine, there are 900 different 
types of IFC, which store different types of information, 
related relationships, attributes, geometric expressions 

and so on. Among these types, not every type contains the 
geometric information needed for conversion, nor does all 
the geometric information need to be converted to 
CityGML. According to the engineering characteristics of 
urban comprehensive corridor and the requirement field 
of IFC format, all types of objects in the comprehensive 
corridor can be obtained in object format, and based on 
IFC format, including floor type, site type and component 
class. In order to provide basic information for semantic 
comparison of GIS CityGML, the final output is 
geometric attribute and related attribute fields. The goal is 
to lighten the model and make the model compatible. 
(2) Standard Framework: This paper discusses BIM-IFC 
framework and GIS-CityGML framework format 
standards and characteristics, and carries out analysis, 
definition, comparison and consolidation of column 
element attributes required for urban comprehensive 
corridor in two formats. Semantic information 
comparison between Building Element and CityGML in 
IFC model. Because the semantic information of 
CityGML is relatively small, most of the semantic 
information of CityGML can be obtained from IFC model 
by means of semantic correspondence method. 
(3) Management Framework: For this project data 
extraction and application oriented management 
architecture, BIM-IFC and GIS-CityGML in data 
extraction and application management architecture and 
process, including design, construction, operation and 
maintenance of the required items, objects and so on. 
Finally, it is assembled into IFC and GIS-CityGML 
interactive architecture for data extraction, storage, output, 
decision-making and other management purposes. In 
terms of semantic mapping, the IFC model contains four 
different levels, including resource layer, core layer, 
information exchange layer and domain layer. The 
information exchange layer defines architectural design, 
construction management, and a large number of 
architectural elements for information exchange between 
projects. IFC and GIS-CityGML model transformations 
can start with the Entity information layer in the 
information exchange layer. Architectural elements 
include the basic components of the building model, such 
as beams, floors, walls, etc. Each building element 
contains information such as Defined Type, Enumeration, 
Select Type and Entity, and each Entity contains 
information such as geometric expression, location and so 
on. In CityGML, different LOD levels contain different 
semantic information, each type has its own 
characteristics, describing the characteristics of the 
semantic information in CityGML. 
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Abstract 
 

Tamsui district in Taiwan is a historical region. There are 
many ancient cultural monuments, such as Fort San Domingo, 
Hobe MacKay Hospital, Hobe Fort, Tamsui Customs Officer’s 
Residence, Oxford College, and so on. Hence, in this paper, we 
design two e-storybooks for children by integrating of Tamsui 
humanities and computer technology. The two e-storybooks are 
built by a visual programming language, which its environment 
is media-rich. Children can interact with the characters in the 
story while reading the e-book. This way for informal learn not 
only is interesting, but also achieves the purpose of cultural 
immersion. 
Key words: Interactive learning, visual programming language, 
e-storybooks, cultural immersion 

  
 

Introduction 
     

Tamsui district in Taiwan is located at the emerald green 
Datun mountain and along the side of Tamsui River. The 
inclination of its terrain is steep and winding. Hence, it is an 
excellent location to overlook the Tamsui river estuary and the 
nearby sea. In the 17th century, Spaniards and Dutchman 
stationed in Tamsui district successively and built a defensive 
castle [1] in the mouth of Tamsui river as a stronghold for the 
commercial trade and mission. Now, the castle is named as Fort 
San Domingo [2]. This district was included into the Chinese 
Qing Dynasty in the 18th century and it is officially opened as a 
trading port in 1860. At that time, it became the largest port in 
north Taiwan. There were many large merchant ships from 
China to transport goods and engage in commercial activities.  

This area is rich in history and humanities. In addition, it is 
close to the Datun mountain such that there are many natural 
resources and ecological landscapes. It is common to see 
different species of birds that inhabit [3], such as swallows, 
herons, goshawks, and so on. When in the spring, there are 
many swallows returning to their old nests to feed the little ones, 
especially on the campus of Tamsui Shuiyuan elementary 
school [4]; moreover, we can see some crested serpent eagles 
(spilornis cheela) flying in the sky around the campus of 
Tamsui Jhongtai elementary school [5].  

Regardless of human history or natural ecology, these are the 
local characteristics of the Tamsui district and as a result, it has 
become a popular tourist town in the northern Taiwan today. In 
order to inherit these cultures, we attempt to design two 
e-storybooks in this project to record the “mountain” and 

“river” stories in Tamsui district. The two picture books are 
suitable for children so that more and more children in this area 
can know their hometown. In addition, the two picture books 
that we design integrate with information technology to become 
e-books. This way can make the e-storybooks more interactive 
and interesting to achieve the purpose of cultural immersion.  

 
 

Storybook Design 
 

Tamsui river was once the only river in Taiwan with inland 
waterways. In the era of inconvenient transportation, there were 
many ships sailing on that river. A sampan boat (舢舨船) [6] is 
one of them. It is still a tool now used by fishermen to fish. In 
the early days that there were lots of trade in Tamsui, many 
sampan boats were used to transport goods. For such boats, the 
speed was the necessary condition. However, its hull structure 
is simple and there is no way to face strong winds and waves, so 
it is more suitable for sailing in rivers, not in the ocean. Because 
of the estuary sedimentation, later, fishermen use it for fishing. 
A sampan boat is mainly painted in blue as shown in Figure 1. 
And, each ship will be painted with eyes whose direction is 
different. There are three directions in total as shown below. 
The eyes of fishing boats are usually painted as “looking 
forward”, while that of merchant boats are painted as “looking 
up” or “looking forward”.    

(1) Looking “forward”: represents to track the enemies and 
to make them feel threatened.  

(2) Looking “up”: represents to observe the weather and to 
sail safely. 

(3) Looking “down”: represents that the fish and shrimp are 
full and to pray for a bumper harvest.  

 
Figure 1. Tamsui Sampan Boat [6] 

V. Conclusion and suggestions 
 

This study attempts to discuss the framework and planning 
for the operability of BIM model and GIS data interchange 
based on the urban integrated corridor project, and propose the 
corresponding application scope for the future operation and 
maintenance needs of the integrated corridor project. The 
research results show that in the future, through the integration 
of BIM technology and GIS technology, IFC and CityGML 
common format interaction interfaces, including technical 
framework, standard framework, management framework, and 
then through the development and integration of system 
architecture, the compatibility and effectiveness of information 
needed for urban comprehensive utility tunnel construction can 
be improved, and the purpose of high information integration 
can be achieved. On the other hand, the BIM design model of 
the urban utility tunnel includes the main structure, auxiliary 
structure, auxiliary system, etc. It corresponds to the model 
needed by the operation and maintenance of the GIS platform, 
and has its specific model parts and operation and maintenance 
and application requirements, which can be used as the basis 
for the BIM model to be imported into the GIS platform 
system. 

Follow-up application of BIM and GIS in urban utility tunnel 
includes: 1. Information and attribute analysis needed to 
convert BIM model of urban utility tunnel to GIS; 2. 
Lightweight technology of transforming GIS model by BIM 
model; 3. Semantic compatibility and conversion of attribute 
fields in GIS model; 4. Discussion on the framework of BIM 
and GIS operation and maintenance management platform.  
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APPENDIX TABLE 1 
REQUIREMENTS OF INTEGRATED UTILITYTUNNEL 

BIM IMPORT GIS PLATFORM 
 

Stage Content 
Requirements for GIS 

GIS 
Graphics 

O&
M Light 

LOD 
300 

master 
plan 

Site Planning 
and 
Arrangement 

- - - 

Vertical 
configuration 
and 
Association 

- - - 

Section 
Configuration 

- - - 

structure 

foundation 
pits 

_ - _ 

foundation _ - _ 

Main structure ● - ● 

auxiliary  
structure 

Inspection 
hole 

● ● ● 

Material input 
port 

● ● ● 

Vent ● ● ● 

Node 
structure 

● ● ● 

Human Import 
and export 

● ● ● 

Pipeline outlet ● ● ● 
Fire (Water) 
Protection 
System 

● ● ● 

Support and 
hanger 

● - ● 

Waterproof 
and drainage 

● - ● 

indication sign ● ● ● 

auxiliary 
system 

drainage 
system 

● ● ● 

ventilation 
system 

● ● ● 

Power supply 
and lighting 
system 

● ● ● 

fire 
extinguisher 
system 

● ● ● 

Monitoring 
and Alarm 
System 

● ● ● 

 


