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Labor productivity of the construction sector in Japan is lower 
than that of other sectors.1)  In order to raise that productivity, 
improving the construction life cycle process becomes an 
important issue to deal with.

Construction and improvement projects in railway business are 
made up of many stages from conceptualization/planning through 
survey/design, construction and maintenance, and many people 
from many organizations are involved in each stage.  Information 
and data exchange between organizations at individual work 
process stages as the project progresses is done mainly by paper 
media.  Thus, data is separately kept by individual department, 
and necessary information is not always appropriately circulated.  
As a result, there are thus various problems in the way work 
is currently done, such as discrepancies between diagrams and 
reworking at the construction stage.

In order to solve those problems, and at the same time to 
improve job efficiency and structural quality, we are proceeding 
with research with an aim of building a next-generation 
construction project delivery system.2)  With the next-generation 
construction project delivery system, we unify project information 
and allow many people involved across the work process stages 
use that information to improve productivity and to visualize 
topography and structures using three-dimensional models 
(Virtual Reality (VR) models).  We are aiming to link those 
models with databases, and by that, to give people involved an 
overall image of the completed structure in advance of starting 
construction.  Doing so will lead to a system where problems can 
be easily detected and ease of construction improved.

In research on those models, efforts to design structures 
using three-dimensional (3D) models are underway to improve 
design quality of civil engineering structures at the design stage.3)   
As we aim for information to be used across the boundaries of 
job process stages with the next-generation construction project 
delivery system, we decided to examine a method to use at the 
construction stage as well as the design stage 3D models created 
at the design stage.  In examination of that method, we assumed 

Introduction1
that we could make construction plans visibly understandable by 
clarifying the image of the structure and visualizing its scale.  This 
would be possible if we could project 3D model design diagrams 
onto spaces at the construction site because VR models have 
visualization characteristics. 

We have thus undertaken research on a method to clarify the  
image of the structure at the construction stage and also to visualize 
its scale.  More specifically, we have developed a method of 
superimposing 3D model design diagrams on industrial television 
(ITV) images as media to show the site space from cameras set 
up to check the construction site by applying augmented reality 
(AR) technology.  And we conducted research for supporting 
supervision of construction work at the construction stage. 

Consideration of Daily Construction Plans2

In the event of an accident in railway construction, there are 
significant risks of casualties of passengers and accidents of 
operating trains.  We thus carry out construction with the utmost 
care.  In meetings between the supervisor and the construction 
contractor on the daily work and safety plans (work called PKY 
at JR East) we create construction image diagrams by individual 
type of construction as shown in Fig. 1 to confirm risks between 
the supervisor and contractor at consideration of construction 

Research on Visualization of Construction 
Plans by Networked Cameras Using 
Three-dimensional Models
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Visualizing the status of work by using three-dimensional models of structures in the construction stage could allow smoother 
communication between people involved, more efficient construction oversight, and improvement of quality and safety of 
construction.  We thus developed a system where three-dimensional model design diagrams are projected on pictures from 
on-site monitoring cameras by applying augmented reality (AR) technology, and we studied a method to clarify the view of the 
structure during construction and to visualize its scale.  Field tests confirmed that virtual reality (VR) models could be accurately 
superimposed, that positional relationship and scale of structures could be made clearer, and that the system could function 
without problem.  Those results suggest that this method is effective for visualizing structures in the construction stage, and it 
thus makes construction plans easier to understand.
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Fig. 1  Image of Diagram for Discussing Construction Plan
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enable VR drawing in 4D. 
As methods to align VR space with actual space, vision-based 

AR using markers and location-based AR using GPS have become 
widely accepted these days,4) however those have disadvantages 
such as limitation of camera position, insufficient superposition 
matching precision, and need for large equipment,5) 6) preventing 
those from being simple methods.  We were focusing on producing 
images that allow simple and accurate views of the construction 
plans at the site.  So, we attempted to introduce a method of 
providing virtual space produced from 3D model design diagrams 
with coordinates in actual space and of matching coordinate 
systems to easily superimpose virtual space on actual space.  This 
employs the coordinate values of the center of the lens of an 
ITV camera set up at the site as the origin of the virtual space 
coordinate system, and it controls virtual space position in line 
with orientation data calculated based on the ITV camera lens's 
angle of view and direction angle and the platform's rotational 
angle.  Note that, in this research, the coordinates were surveyed 
for the location where the ITV camera used to superimpose 
actual and virtual space when positioning the camera. 

Field Check Tests4

We carried out functionality tests of the created system at the 
Smart Station, a JR East test facility.  Major check items included 
how superimposed VR models are shown on ITV images, the 
degree of misalignment, and whether drawing of the VR model 
switches according to panning, tilting, and zooming (PTZ) of 
the camera.
(1) Camera specifications
As shown in Fig. 3, we used an HDS-1000 camera by ADVAS 
set on a PT1 remote-controllable camera platform in the tests.  
Major specifications of the camera (design values) are as follows.
· Image sensor: 1/2.8-inch CMOS sensor
· Effective pixels: Approx. 2 million pixels
· Pixel size: 2.5 µm
·  Focal distance: 5.196 mm (camera-subject distance (WD) 5 m 

to infinity)
· Horizontal angle of view: 49.584 degrees
· Vertical angle of view: 37.188 degrees

methods and safety measures.
We make out those diagrams by drawing members to be 

installed, temporary structures, heavy machinery, and the like 
onto design diagrams or photos of the site.  That takes a great deal 
of time, however, and the ease of understanding of the diagrams 
varies according to the imagination and drawing skill of the creator.   
We thus studied a method of easily and accurately producing 
diagrams that can provide an image of construction plans. 

As a result, we assumed that 3D models produced taking 
into consideration construction procedures for structures would 
be efficient as they could make construction plans obvious at a 
glance and eliminate the need to produce new diagrams.  This 
would be possible if the 3D models could be projected in situ 
at the construction site because it would allow representation 
of structures being built according to the time line of 
construction.  We thus devised and attempted to develop a 
system where 3D model design diagrams could be directly 
superimposed on ITV images of the site. 

System Outline3

As we were aiming in the research to easily allow AR to be 
experienced with existing items, we attempted to use ITV 
cameras usually set up at on-site offices and the like for 
construction site checking and incorporate a function for 
processing VR models in those.  That configuration has, as 
shown in Fig. 2, a PC for image processing placed between 
the ITV camera and monitor.  3D model design diagrams of 
the structure,  construction procedure data, and camera control 
data are output to the monitor. 

We used Delphi by Embarcadero Technologies and Microsoft 
Visual Studio (Visual C++) by Microsoft as the programming 
languages, used an external library for items such as input/output 
of ITV images and VR models, coordinate calculation, and 
three-dimensional display on a monitor to create the system.  We 
also created VR models based on design diagrams of structures 
with Autodesk AutoCAD by Autodesk, made out timeline 
data with Microsoft Excel by Microsoft that expresses the work 
process for individual construction stages, and gave VR models 
attribute data for individual construction steps.  All that data was 
integrated with Autodesk Navisworks Manage by Autodesk to 
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Fig. 2  System Configuration

Fig. 3  Camera Used in Tests
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(2) Lens distortion
The refractive index of light passing through a spherical lens 
differs according to the position of incidence, making the focal 
position uneven.  That, in turn, causes lens distortion.  As shown 
in Fig. 4, distortion of light going through a spherical lens to 
the inside causes pincushion distortion, and distortion to the 
outside causes barrel distortion.  When those are superimposed 
by a VR model made out on a rectangular coordinate system, 
such distortion looks like misalignment.  We thus measured the 
distortion rate of the lens to investigate the effect of distortion.  
When measured with a camera-subject distance of WD = 0.5 m, 
5 m, and 10 m, the distortion rate was around -1% at any of 
those distances.  This means that the distortion is not visually 
perceptible, so we decided not to take into account adjustment 
of misalignment by distortion.

(3) Perception with superposition
In the tests, we simulated construction where an external wall 
would be built in the back right corner of the space shown in 
Fig. 5 and an escalator on the left.  The results of superimposing 
VR models at each construction step proved that the system 
functioned without problem.  Furthermore, Fig. 6 showing 
the escalator under construction clearly indicates the positional 
relationship between and scale of the structure and facilities.

When we simply superimposed actual space and VR model 
coordinates in the confirmation stage before testing, we confirmed 
that some inconsistencies such as discrepancy in the positional 
relationship occurred.  For example, as shown in the area enclosed 
by the dotted line in Fig. 7, the pit for the escalator looks as if 
it were floating; and as shown in the area enclosed by the solid 
line in Fig. 8, the wall actually behind the panel looks as if it 
were located in front of the panel.  We thus conducted occlusion 
processing before performing confirmation tests at the site.  For the 
areas of inconsistency enclosed in the lines in Fig. 7 and Fig. 8, 
we produced VR models, superimposed those with VR models 
of the structures, and masked the parts on the VR models of the 
structures where the two models were redundant so those parts 
are hidden.  As a result, we found that it is important to create 
VR models based on advance information on the positional 
relationship of the elements and the construction procedures to 
prevent the need for more masking. 

(4) Image misalignment
In the scope of test fields and with the equipment used in the 
tests, there was no image distortion by PTZ of the camera or 
misalignment with the VR model that caused visual discomfort.  
In order to verify the amount of error in more detail, we 
calculated the amount of misalignment between the positions 
of points measured in surveying and in VR by using the pixels 

count in the system, as is shown in Fig. 9.  From Fig. 10, where 
error is arranged per angle of  camera tilt, we can see that the 
largest misalignment was four pixels.  Roughly estimating actual 
dimensions to make pixel size easier to perceive, the white grid 
lines in Fig. 9 form 1 m squares.  Deducing length from the 

Fig. 4  Pincushion Distortion and Barrel Distortion

Fig. 7  Floating

Fig. 8  Superposition of Structural Members

Fig. 5  Test Site

Fig. 6  Example of Superimposing a VR Model in the System
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pixel count on those line segments, 1 pixel  1 cm and four 
pixels is equivalent to about 4 cm at a tilt angle of 21º and pan 
angle of 5º.  Taking into account that the distance from the 
camera position to the measurement point was approx. 17 m, 
superimposition can be considered to have been done accurately.  
The measurement point was the point where the camera was 
panned approx. 20 degrees so that point would be directly facing 
the camera lens surface.  Fig. 11 shows the angle of panning 
of the camera.  Fig. 10 and Fig. 11 show that error is almost 
constant, regardless of the relation between the measurement 
point and camera lens surface, so we presumed that the setting of 
the virtual space was appropriate in the test. 

At the beginning of the tests, we set up the system based 

on the design values published as lens specifications, but large 
misalignment occurred.  Then, after resetting the system based 
on the actual values of the focal distance and angle of view 
measured by the manufacturer, error became small as shown in 
Fig. 10.  This demonstrates that the published values are rough 
values, so it is necessary to know exact lens specifications for 
accurate superimposing.

Conclusion5

In the research, we investigated a method of effectively 
utilizing ITV cameras installed at construction sites and 3D 
models created at the design stage to visualize arbitrary sites 
in the construction stage.  The research results showed that, 
because VR models can be superimposed according to the 
construction stage of a structure, the positional relation and 
sense of scale of the structure at that timing become clear, and an 
image of the construction plan becomes easy to perceive.  They 
also showed that superimposing actual space and virtual space 
based on a coordinate system allows for accurate positioning 
and that influence of camera panning and tilting operations is 
prevented. 

This method makes cross checking the actual construction site 
and the design drawings easy, so work progress and defects can 
be checked and detected at a glance.  The method also clarifies 
the image of the structure in advance of actual construction; 
therefore, it shows promise in improving understanding and 
communication between people involved and reducing on-site 
adjustment and reworking.

In order to make the method usable as a tool to enable more 
substantial and higher level considerations at construction 
planning meetings and work safety meetings, we will continue 
research for easier and simpler visualization of construction 
plans.
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