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Abstract 

The 3D pipeline management regulation and technical requirements had been put forward years ago. 

However, because of the lack of deep and detailed pipeline information, the positions of underground 

pipeline cannot be managed better. Thus, it will be a significant task of future pipeline management to 

adopt 3D GIS to provide optimal verification and regulations, improve the accuracy of pipeline data, 

assist in the standard management of 3D pipeline data, and speed up the accuracy and completeness of 

pipeline data. This paper aims to propose systematic standards and procedures for 3D pipeline, support 

the existing pipeline system, and set up 3D pipeline system with standard procedures and verification 

mechanism via project management and 3D geographic information technology. Based on the needs of 

road excavation management, it hopes to establish effective pipeline safety management regulations so 

as to enhance complete governmental management.  
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1 Introduction 

Information system planning is mostly based on a single system. Its design of system 

functions mainly focuses on the needs of a single business. However, as system designers do 

not thoroughly understand such business, they fail to plan in a macro and practical manner. 

They provide wrong information and point out wrong direction to system demanders. The 

contents planned are scattered. And the system does not have good usability and 

expandability. Most of the personnel of the demand party do not major in information. 

Limited by heavy workload and tight schedule, they can only discuss and guide key points. In 

this way, many systems developed are independent. Users are more confused and busier. And 

the assistance of information system in business does not reflect 1-2.  

Overall planning of a system shall comprehensively consider associated businesses. After 

business subjectivity shall be defined clearly, the business demands and materials which are 
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correlated can be interconnected and shared so as to assist in overall business. By establishing 

3D public facility pipeline management standards, this paper hopes to the business issues of 

pipeline management and road excavation. Planning shall be based on "the quality of pipeline 

data" rather than simply on case management. Planning shall be comprehensively designed 

from the aspects of practice, regulations, implementation, and decision-making. Therefore, 

this study would comprehensively consider the following viewpoints on "3D road 

information" and offer a planning of future road management which could drive resource 

integration and optimization 3.  

(1) Practice: The workflow to correct 3D pipeline data shall be correct--verify--maintain and 

update--coordinate conflicts--close. Standard procedures and management system would 

be discussed to see how to design the controlling points in workflow and implement such 

points via feasible practice.  

(2) Regulations: New system planning must be supported by laws and regulations. Only with 

the promotion of public power could we have the basis of source of law. Complete 

planning shall be done in advance in terms of ordinances, rules for implementation, 

operating methods, key points, reserved administrative order space, regulatory 

interdependency and inheritance so as to promote new system planning in a smooth 

manner and at one stroke.  

(3) Implementation: The establishment and management of pipeline data is only one task of 

road construction. The integrity of road information also contains other important tasks 

like road maintenance and facility management. Hence, with respect to overall 3D 

planning, this study would first consider the association of other road information and 

preserve a complete framework in planning and query system establishment. In this way, 

business systems can have data support among each other and form a complete 3D road 

information system.  

(4) Decision-making: In regard to decision-making planning, based on the needs of 

executives, the required resources in a system can be automatically extracted to form 

real-time reference and integrated project viewpoints for the decision-making of 

executives.  

 

 

 

 

Advances in Economics, Business and Management Research, volume 33

280



 

 

2 Literature Review 

2.1 Support of space techniques 

This section discusses summary of images, collection of topics, interior manufacture 

efficiency and quality, completeness and expansibility of results, and construction of database, 

and lists the possible issues in planning as shown in Table 1.Table 1 - List of key issues in 

practice1 

Table 1 - List of key issues in practice1 

No. Key Problems Review and Correction 

1 There are dramatic changes in the current 

situation of pipeline and fixed facilities.  

Fieldwork measurement shall be planned in 

advance. Especially, special facilities, like poles for 

both road lamp and traffic indicate, shall be 

included in planning in advance. Interpreters of 

exterior and interior measurements shall be trained 

via videos to avoid the constant changes in 

investigation standards resulting in wrong 

judgement.  

2 Each pipeline unit has a different schedule to 

provide pipeline data. Drawing check cannot 

be conducted during fieldwork measurement, 

leading to the delay of the overall schedule.  

A meeting shall be held for pipeline units to explain 

the plan and agree with matters of coordination and 

scheduling to ensure smooth connection between 

data required and exterior and interior work.  

3 The hand holes adopted by pipeline units are 

not consistent leading to repeated 

confirmation and low measurement speed.  

Before fieldwork measurement, unified signs and 

codes shall be set up so that the personnel of 

interior work can also understand the contents of 

manhead and facility.  

4 There are great differences in the measuring 

scales and drawing methods provided by 

pipeline units, resulting in big difficulties in 

integration and sketch and influencing 

outcome quality and progress.  

Standard sketch procedures from measurement data 

capture to sketch shall be developed to guide the 

relevant personnel to produce outcomes with 

consistent quality.  

This study summarized the above issues for the purpose of public pipeline equipment and 

road survey results. It considered circulation of images and maximization of added-value. It 

put forward the vision of image integration planning and extended system 4-5.  
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2.2 Supporting government format and improving the presentation of a large number of 

pipelines 

This study clearly understands that the fitness of system format is vital to the convenience of 

system data. Thus, with respect to the image application of system, it must be considered that 

if pipeline data support GML. Hence, geographic information cooperation shall be carried out 

to reduce format incompatibility 6-10. In addition, the big data presentation technology of 3D 

GIS has always been a hot topic in the field of GIS. Most governmental pipeline database 

have over one million entries of data. 3D platform must provide overlay terrain base map 

based on the big data and smoothly present building model 11-16. The party providing 

geographic information and cooperating with this study does not use model to present 3D 

pipeline but generate based on the existing pipeline. Leveraging on excellent LOD algorithm, 

and based on the measurements by Kaohsiung City, Public Works Department, and New 

Taipei City Government, 1.10 million entries of pipeline data had been collected. An update 

rate of 30 frames per second (FPS) 500 meters above the ground is maintained, which 

significantly increases the availability of system 17-21.  

Table 2 - List of practical and operational experience 

Successful Cases Effectiveness and Achievement 

Public Works Bureau, Kaohsiung City—Stage 2 

pipeline test information 

1.10 million entries of data, height: 500m, FPS: 30-31  

Academia Sinica SinicaOview 

System—Buildings in Taipei 

74,744 buildings kmz 

SGS Kaohsiung Branch—Love River car point 

cloud information 

Single (LSA) file 71.8GB 

SGS Kaohsiung Branch—SketchUp model Single (obj) file 574MB 

 

3 Establishment of verification standards and quality of pipeline data 

The establishment of 3D public facility pipeline database shall consider feasibility rather than 

technical convenience. See the following key points 22-26: 

(1) Project characteristics: Pipeline units shall be responsible for the update and maintenance 

of current data source and future data. Hence, the tools and feasibility of onsite operation 

of construction staffs shall be considered.  

(2) Standard operating procedures: SOP shall be set up according to onsite construction 

operation and system shall match project life cycle so that control data can be established.  
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(3) Maintenance: Pipeline units shall be responsible for the update and maintenance of current 

data source and future data. Hence, the tools and feasibility of onsite operation of 

construction staffs shall be considered.  

(4) Compliance with data standards and operating regulations: Data configuration shall be 

consistent with the latest version of Public Facility Pipeline Data Standards (At present, 

the draft has been developed. And public opinions are being collected. The latest 

information is published on the website of standards (URL: https://standards.moi.gov.tw/). 

New 3D data configuration regulations shall not be set up, otherwise it will disturb 

pipeline units and influence the overall cooperation of update and maintenance.  

(5) Verification, acceptance, and quality inspection: Data quality and consistency can be 

ensured by following the latest version of data standards, the newly published annual 

"Common Specifications for Public Facility Pipeline Database Configuration", and 

regulations on outcome acceptance.  

(6) 3D pipeline data program conversion verification: 3D public facility pipeline database 

shall be converted and verified by the program side based on data standards. The program 

verified shall ensure simulation in 3D pipeline geographic information system.  

 

4 3D pipeline system and data planning 

In the application of 3D public facility pipeline, it is extremely vital to allow users to easily 

and fast identify position and surrounding environment. Once an accident occurs, users can 

quickly grasp surrounding environment. In addition, this study used tilt photography 3D 

reconstruction technology to produce 3D building model and orthophoto images to complete 

ultra-high fidelity of urban model production and provide operators with intuitive 

identification of position. Moreover, it enhanced user convenience. This study conducted 

basic image processing and conversion in the demonstrate (including, administrative map, 

aerial photography, urban street planning, road name, important landmark, and address). And, 

in accordance with the categories and items of existing 2D pipeline manhead and fixed 

facilities, it established corresponding standard model database to facilitate simulation.  

In workflow design, besides professional and institutionalized construction design, the 

verification of data correctness is the most important. 3D GIS pipeline system can make up 

the shortcomings of 2D system which does not have visual inspection, and provide the best 

tools for data review and verification. With the characteristics of spatial analysis of GIS, this 
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study developed standard data import (2D/3D) check module to ensure data correctness and 

integrity.  

 

5 Conclusions 

Pipeline management often overlooked draws the attention of the public after Kaohsiung 

underground pipeline gas explosion. Therefore, the systematic and effective establishment 

and appropriate application of 3D intelligent urban pipeline database is a major topic for 

government agencies. As the government vigorously promotes intelligent cities, the 

development of 3D underground pipeline will be a major indicator to assess the development 

and competitiveness of intelligent cities promoted by local governments.  

This study has two main purposes: First, it aims to provide an effective simulation system to 

pipeline unit to reduce their burden and enhance system affinity. Second, it intends to 

establish more rigorous data quality inspection procedures to control error rate. Through the 

mechanism, it allows 3D pipeline system to control newly set pipeline and improve the 

integrity and correctness of existing ones. Space techniques can be integrated in system 

design and play a significant role in data check and verification. Therefore, people can 

understand that 3D system can be applied to more areas besides large-scale terrain and model 

display.  

The construction of 3D underground pipeline mainly covers the presentation of pipeline data. 

Survey information has 3D effect. Users can use 3D underground pipeline system to check 

the relevant geographical location of all types of pipeline. The location and depth of 

underground pipeline are truthfully reflected. The situation that pipeline is destroyed during 

excavation due to the insufficient plane data will not occur. A variety of GIS analysis 

functions, such as measurement, query, spatial analysis, connectivity analysis, and burst 

analysis, can be used to reduce the damages caused by accidents, facilitate users to conduct 

more spatial analysis and visual data verification, and list and quantity conflict points for 

correction. In combination with technological progress and demand, a complete set of 

pipeline management procedures shall be developed, which can not only improve pipeline 

management performance, but also offer 3D pipeline management solutions for outbound 

marketing.  

The 3D pipeline verification solution mentioned in this paper can develop spatial information 

of intelligent cities in various fields. This study hopes that Taiwan can adopt 3D spatial 

analysis technology to enhance its international status, and facilitate government departments 
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at all levels to rapidly complete professional decision-making support systems for urban 

planning, urban and rural construction, public facility planning, soil and water conservation, 

disaster simulation, and police affairs, so as to enhance administrative efficiency and improve 

governance satisfaction.  
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