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Abstract: Civil infrastructure drawing data are normally generated by computer-aided design (CAD)
software in the design phase, and are also frequently needed during the construction and maintenance
phases. An environment would be provided in which 3D construction information can efficiently and
smoothly be used throughout the project lifecycle. Then, a 3D-CAD engine should be developed and
operated to create and modify 3D structure information, but Japan’s CAD venders have not had a product
of the 3D-CAD software. Therefore, the purpose of this research is to spread 3D-CAD rapidly and at low
cost throughout the construction industry in Japan. To achieve this purpose, we designed and developed
a 3D-CAD engine. Our research and development made progress step by step with the research, the
outline design, the primary design, and the detailed design. To verify the designed algorithm, we
developed a prototype. After this we developed a 3D-CAD engine, and also simple 3D-CAD software
equipped with this engine.
1

INTRODUCTION

It is important for the construction industry in Japan to build an environment where 3D-CAD data are used
for BIM, CALS/EC, and IT-based construction to improve productivity. The current use of 3D-CAD data in
the industry is infrequent because a quality affordable 3D-CAD engine does not exist. 3D-CAD software
use the kernel for modeling, which is expensive for Japanese construction CAD software companies to
use their CAD software. Such a 3D-CAD engine must be designed and developed in order to enable lowcost use and quick implementation, leading to its deployment in various stages of the life cycle of
construction projects.
The purpose of this project is to spread 3D-CAD rapidly and at low cost throughout the construction
industry in Japan. To achieve this purpose, we designed and developed a 3D-CAD engine. Our
research and development made progress step by step with the research (use cases, seeds, standards),
the outline design (3D representation models, functional requirements), the primary design (3D data
exchange specifications, user interface, user operation), and the detailed design (data model, algorithm,
API functions). To verify the designed algorithm, we developed a prototype. After this we developed a
3D-CAD engine, and also simple 3D-CAD software equipped with this engine.
Using the 3D-CAD engine that we developed, we created 3D geometric shapes by parametric modeling.
We also designed data structure in conformity with ISO10303 (STEP). In addition, settings of diverse
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attributes such as the time terms were realized. These are the contents of our research as follows:
Outline of Kaiser Project in Kansai University, Design principle of 3D-CAD engine, Data structure in the
3D-CAD engine and its relationship with ISO, and Future expansion.
2

OUTLINE OF KAISER PROJECT IN KANSAI UNIVERSITY

The master plan of the project is shown in Figure 1. The project started from the fiscal 2008. As the
product of research aid by Ministry of Land, Infrastructure, Transport and Tourism (MLIT), we prepared
the investigation report and the primary design document. As the product of Kaiser Project in Kansai
University, we prepared the outline design specification, the detailed design document, and the prototype.
Finally, we developed the 3D-CAD engine and the simple 3D-CAD as the final product.
Research aid by MLIT

Kaiser Project in Kansai University

Fiscal 2008

Outline design specification

Investigation report
・Use Case
・Standardization
・Existing Products
・IT
・Seeds and Notes

・Selection of models for 3D
data representation
・Functional design of the
prototype of generalpurpose 3D-CAD engine

Research aid by Ministry of Land, Infrastructure,
Transport and Tourism (MLIT)

Fiscal 2009

Primary design
specification

・3D data exchange specifications
・User interface specifications
・User's operation manual

Kaiser Project in Kansai University

Fiscal 2010-12

Detailed design
specification

・Data models, algorithm
・Designing API functions

Prototype

・A series of reviews of the specifications
using prototype

Final product

3D-CAD engine

Simple 3D CAD

Figure 1: Master Plan of Project
An overview of the 3D-CAD engine is shown in Figure 2. At the center is a 3D model. The model is
composed of a sketch, modeling operational histories, and 3D geometric shapes. Connecting them with
each other allows a 3D model to be generated. A 3D model also maintains diverse attributes. At the
bottom are application program interfaces, which provide various features for creating, editing, and
operating a 3D model, as well as for processes including volume and surface area calculation. Moreover,
using API for data conversion into drawing data, the data can be converted into the drawing data on the
right. The data can also be converted into the exchange data on the left by converting in conformity with
the 3D data exchange specification.
The organization of research of this project is shown in Figure 3. The project management office plays a
central part. Participating members of the project include research institutes, IT vendors, trading
companies, and CAD and GIS venders. The total amount of the fund is 100 million yen, offered by
companies such as Mitsubishi Electric, as well as MLIT.
As to the operation of the project, we established the project management office, which is abbreviated to
PMO. PMO plays a key role in the project operation as shown in Figure 4. Activities of PMO include the
confirmation of budget execution, the order and inspection, the quality corrections in the project, the risk
detection and direction of preventive measures, and the operation of progress meetings. Meetings were
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3.2

Modeling Techniques

There are two kinds of 3D-CAD modeling: the direct modeling and the parametric modeling. The direct
modeling directly creates and edits 3D geometric shapes to make drawings. It is easy to handle with its
intuitive operation, but inefficient for making modifications. In contrast, the parametric modeling is a
technique for defining the geometric shape of a model by setting variable parameters such as coordinate
and size values to the model and giving values to the parameters. The parametric modeling is
characterized by its easiness to edit because it allows the user to represent the design intent of a
structure. The 3D-CAD engine developed in this project adopted parametric modeling. The CAD kernel
is used for parametric modeling in commercial CAD software, which is expensive for Japanese CAD
companies to use.
3.3

Basics of 3D Modeling

There are two basics of 3D modeling: the plane view drawing using sketches, and the 3D modeling based
on plane view drawing. Regarding sketches, plane views are created to use as the foundation of CAD.
In a plane view drawing in 3D-CAD, unlike 2D-CAD, it is not necessary to draw a plane view precisely
since the length and angles of elements are determined by constraints later. After making plane view
drawings, we go to the process of 3D modeling. As an example of 3D modeling, Fig.5 and 6 show some
examples of creating a plane view drawing with sketches and 3D modeling with sweep.
3.3.1

Sketch

First of all, a sketch surface is made as shown in Figure 5. On the initial state of the sketch surface, a
rectangle is created. Geometric constraints are applied to the rectangle to create a square. In this
example, a square is created by constraining all lines to have the same length, and constraining all
angles between the lines to be 90 degree.

Sketch surface
（initial state）

Making rectangle
（4 lines etc.）

Specify target of
geometric constraints

Making square

（Constraints in same length for each lines
Constraints in 90 degrees for each lines）

Figure 5: Sketch Surface
3.3.2

Sweep

A sweep action as shown in Figure 6 is applied to the square created with a sketch. To make a sweep
action, a sweep line is created. A sweep line is created as a 3D geometric element. After this, a
combination of a sweep plane and a sweep line is specified, and a sweep action is executed. Then a
sweep model is generated based on the sweep surface and sweep line.
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Making sketch

Making sweep line

（3D geometric shapes）

Specify combination of sweep
surface（sketch） and sweep
line（3D geometric shapes）

Sweep model

（Shape based on sweep
surface and sweep line）

Figure 6: Sweep Action
3.3.3

Extrusion

As to the extrusion as shown in Figure 7, someone can create an extrusion model by extruding the sketch
by the specified length.

Making sketch

Making extrusion model

Figure 7: Extrusion
3.3.4

Chamfer

Figure 8 shows an example of the chamfer. After specifying the chamfer distance, the chamfer process is
performed.

Whole
Enlarged view
Figure 8: Chamfer
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3.3.5

Fillet

Figure 9 shows an example of the fillet. This generates a round surface based on the specified radius.

Whole
Enlarged view
Figure 9: Fillet
3.3.6

Boolean

Figure 10 shows an example of using the boolean. A pipeline is connected to a pipeline to a manhole.

Figure 10: Boolean for Connecting Pipeline to Manhole
3.3.7

Example of Creating Alignment

Figure 11 shows an example of creating an alignment by using the sweep. An alignment model of road
or railroad can be created by generating a cross-section using Sketch, and making a sweep action.

Figure 11: Example of Creating Road Alignments
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