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ABSTRACT

This report introduces the rapid prototype method 

newly developed to design individual housings. 

(Reference 1)  Since the individual housing naturally 

owns different indoor configuration and surrounding 

environment, an introduction of the rapid prototype 

method into housing design is therefore effective. 

Especially, the scene of the individual housing with 

the surrounding buildings thus reproduced can allow 

to propose the individual housing not only as a 

housing simply, but also a special space 

emphasizing the relationship with the surrounding 

environment. With this system, the data for virtual 

experience was succeeded to prepare within three 

days. The relating functions are also introduced in 

this report. 

1. INTRODUCTION

The authors believe that the simulation of 

performance for housing environment at the design 

stage will contribute in performing the design 

effectively. In order to satisfy customer s demand 

in housing design, it is essential to develop tools that 

can simulate environmental performance and 

explain the simulation result to the customers for 

their easy understanding. In the case of housing 

design, the customer s demands are diversified, 

and therefore, it is not too much to say that the 

environmental performance of an individual 

residence requires an exclusive solution definitely.

To obtain the exclusive solution, the authors have 

proposed the Rapid Prototype method. The Rapid 

Prototype method can reproduce the performance 

of a specified building with a computer 

instantaneously, and it will be a method to realize 

more optimum designing. (Reference 2) This report 

describes the development of a virtual simulation 

system for housing environment using the Rapid 

Prototype method. As a target of the development of 

this system, a number of days to simulate the 

environmental performance of an individual 

residence was set to a period less than three days 

subject to the condition that the relating CAD data is 

presently available. The authors have succeeded to 

develop the system to satisfy this target for 

lighting/thermal analysis partially. First, the outline of 

the virtual simulation system for housing 

environment is introduced. The hard ware used 

consists of a personal computer for data 

preparation/analysis, a graphic workstation for 

visualization, and a large size projector and a screen 

both for VR (Virtual Reality) display. (Reference 3)  

While the soft ware used consists of a modeling soft 

ware to modify CAD data, a lighting calculation soft 

ware, a thermal analysis soft ware, and a VR 

structuring/display soft ware. The design simulation, 

the basic function of this system, can be regarded as 

that equivalent to the general VR system as an 

extended CAD system. This report introduces an 

example of upgraded reality by fetching the 

customer‘s photograph into the virtual space at the 

design simulation. Next, the result of solar radiation 

analysis taking surrounding residences into 

consideration is shown. Here the importance to 

employ the Rapid Prototype method is explained by 

changing the configuration and positioning of 

surrounding residences.  In addition, a difference 

caused by the indoor configuration, especially the 

change of sizes and positions of windows is 

discussed. Next introduced is an example when 

indoor thermal environment was analyzed unsteadily 

by utilizing the result of the solar radiation analysis. 

In this analysis, the unsteady indoor thermal 

environment was simulated by changing the heat 

generation due to solar radiation as the boundary 

condition of CFD. Last, the virtual experience of 

customers for their living environment by using this 

system is reported.  

2. SYSTEM

2.1 Background

Table 1 shows the essential points in designing 

individual housings. Among them, the period 

required to prepare the data for virtual experience is 
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a decisive factor, for which a flow to prepare the 

data within a short period (three days) should be 

established. (Refer to Fig.1.) To perform this, the 

system was extended to that allowing to conduct the 

lighting calculation in two days and the conversion to 

the data for virtual experience in one day by making 

the texture mapping and the editing of the scenario 

for virtual experience effective. The problem in 

preparing the data was a necessity to judge the 

inside or outside of the surface for lighting 

calculation, as the data from 3-dimensional CAD 

data was received in DXF data. With this system, 

therefore, the unnecessary surfaces were 

automatically deleted previously to make the 

judgment work effective. Then day-lighting/lighting 

analysis was carried out, for which result the 

scenario for virtual experience was prepared. In 

addition, it will be fed back to the design change if 

required. 

2.2 Characteristics 

With this system, an indoor environment that takes 

the surrounding environment into account while 

eventually reflects the living manner can be 

proposed at the design stage. Table 2 shows the 

characteristics of this system collectively. In addition 

to the conventional simulation technology, the VR 

technology applied to this system has succeeded to 

obtain more practical human sensation.  

2.3 Hardware 

Fig.2 shows the composition of the hardware by the 

image. In this system, the preparation work of the 

display space is fully performed by the computer 

except the VR display that will only be done by the 

graphic workstation. Fig.3 indicates the situation of 

setting with the screen/projector in a cross sectional 

view. By displaying a living space on the slanting 

type screen in the practical size, and using 

stereoscopic glasses, it becomes possible to 

immerse into the virtual space. 

2.4 Method to stereoscope 

In this system, an image with a visual field of 170 

degrees in the horizontal direction can be displayed. 

This visual field was determined by the positional 

relationship between the viewpoint being set for the 

stereoscopic view and the screen to display the 

image. The image for the stereoscopic view is 

displayed by the Z-screen installed to the projector 

under a frequency of 48 times/second for the right 

and left eyes alternately. The distance between the 

right and left eyes has been set to 0.07m. Wearing 

of polarizing glasses for stereoscopic view 

completes the stereoscopic image. The 

transmittance of this glasses counts for 33.7%. The 

size of the one lens of the glasses is about 0.05m 

squares. The limited view field caused by the 

wearing of the glasses remains a problem unsolved. 

2.5 Slanting type screen 

The size of the screen is that with 2.4m x 1.8m. In 

this system, as the moving picture that images 

walking motion will be displayed requiring to observe 

the feet, and the action to look upward will be scarce 

inside a residence, the top of the screen was 

inclined to the backside. The slanting angle starts 

from the perpendicularity to 25 degrees. Since it is 

required to observe the VR image for a long time, 

the sitting position was adapted. Fig.4 represents a 

photo showing that the subject is working in this 

system. 

2.6 Display in the practical dimension

As same as that almost VR image display systems 

are attempting, this system also wishes to realize 

the display in the practical dimension. Differing from 

the image display on ordinary large screens, this 

system employs the slanting type screen. This 

requires the complicated transformation of 

coordinate system. Even though the display in the 

practical dimension could be realized, it is 

impossible to verify it within the virtual space 

although it can be compared on the screen. For 

example, when a 1m long rod is placed on the actual 

surface of the slanting type screen, and it is 

displayed at the same position in the virtual space, 

they will surely be agreed if the position of the 

viewpoint is fixed. Under the circumstance, it is 

necessary to conduct an experiment using subjects 

to verify whether the display in the practical 

dimension could be realized in the virtual space 

other than the screen surface. (Reference 4) 

Through this experiment using subjects, it was found 

that the performance of this system can fully realize 

the practical status of the height and width of the 

space but insufficiently realize the status of the 

depth. While promoting the development backed by 

the result of this evaluating experiment, a method to 

display the image of the subjects themselves inside 

the virtual space has been devised to provide more 

reality to the display in the practical dimension. 

(Refer to Fig.5.) Fig.6 shows the flow to display the 

subject. First, a virtual space is prepared beforehand.  

Next, image information is obtained by 

photographing the image of the subject with a digital 
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or video camera. Then this image information is 

processed into the information that can be displayed, 

and pasted on a space being prepared at any 

position inside the virtual space. Meantime this 

space surface has been designed facing to the eyes 

of the subject not to give the sense of incompatibility 

at his experience of walking through or others. Fig.7 

shows the examples of the display and change 

relating to the design and application for display in 

the practical dimension. For the display of a person, 

the image of the subject is prepared by following the 

flow shown in Fig.6, and displayed in the living room. 

The height of the person was assumed as 1.7m and 

the digital information was adjusted to meet the 

dimension. Further, the ceiling height of 2.7m was 

changed to 2.4m. The merit obtained here was that 

a difference in the ceiling height is more remarkable 

in comparison with the person. 

3. LIGHTING SIMULATION

3.1 Outline 

In this system, a space should be reproduced as the 

final VR image with a set of polygon data added with 

color information at its top. For this reason, the 

radiocity method was employed for the daylight 

simulation because of its calculating time and easy 

setting. (Reference 5) To define the reflection ratio, 

texture mapping is applied to each composing 

member and furniture of which form has been input. 

As the reflection ratio of each composing member 

differs each other, it is naturally desired to set the 

individual reflection ratio precisely. This time, 

however, the reflection ratio was determined taking 

into consideration the color information of the texture 

for mapping and applied to the optical simulation. 

For the outdoor, the reflection ratio was evenly set 

basing on the color information of concrete, while for 

the indoor, it was set to each composing member by 

changing the texture. 

3.2 Case 

The plan of the residence (living room) used in the 

simulation is shown in Fig.8. The residences of 

different types were located around the objective 

residence so that the difference of sunshine caused 

by the neighboring residence can be considered. 

The simulation in three types was carried out by 

changing the shape of the building at the southeast 

side and the latitude/longitude/date/time. (Table 3) 

Since shapes can freely be changed within a 

computer as featured by the VR technology, this 

report studied on the daylight simulation when the 

position/size of the window was changed. 

3.3 Results 

Fig.9 shows the results obtained from the Case 1 to 

3. The VR image of the Case 1 is shown at the 

upper left, while only the result of the sunshine when 

removing the texture is shown in others. Since the 

illuminance distribution is merged with the color 

information on the texture, the shadow is especially 

difficult to be discriminated. Further as the 

illuminance of the direct solar radiation can’t 

physically be expressed as a computer image, the 

present daylight simulation can only be used to 

compare the exposure to the sun. As a result of the 

comparison of each case, it can be found that a 

significant difference is caused depending on the 

difference of neighboring residences. Fig.10 shows 

the result of recalculation by changing the position of 

the window on the VR display. The change of the 

window position deteriorated the exposure to the 

sun, while the enlargement of the window dimension 

improved it. This system can flexibly correspond to 

the versatile changes of conditions thanks to the 

introduction of the Rapid Prototype method. 

4. THERMAL SIMULATION

4.1 Outline

Fig.11 shows the 1F/2F plan of the objective 

residence in the present simulation. The total floor 

space counts for 97m2. As the condition of the 

simulation, Tokyo situating in lat.35°N and 

long.140°E. was assumed. Here the fluctuation in 

terms of time was studied by compounding all 

simulations of ventilation that takes outdoor wind 

into account and of outdoor and indoor thermal 

environments. The VR display of the simulation 

results on the ventilation is also introduced. In order 

to study the fluctuation in terms of time, the 

simulation of solar radiation taking the surrounding 

town areas into account was carried out for each 

hour, and the data obtained from the result added 

with linear interpolation in terms of time was used to 

minimize the duration of the simulation. This time 

however, the heat generation caused by the solar 

radiation was only taken into account for the 

fluctuation in terms of time, while the fluctuation of 

heat storage or weather factors was not taken into 

account. For the ventilation, the windows of all 

rooms were set to be open. As this report 

emphasizes the flow of simulation, please refer to 

the Reference 6 and 7 for the results in detail. 
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4.2 Simulation of solar radiation considering 
surrounding area

The surrounding residences were firstly reproduced, 

and the change of the solar radiation as time 

elapsed was simulated taking the day of October 1 

as an example. (Fig.12) From this result, it can be 

found that how the surrounding residences affect the 

change in terms of time to be given to the central 

residence (objective residence in the simulation 

hereafter). For this simulation, the simulation 

program of solar radiation originally developed by 

the authors was adapted. With this program, the 

previous input about the material of the receiving 

surface of solar radiation enables to obtain the 

quantity of the heat generation on each surface. 

Meantime, in this simulation of solar radiation, the 

same shape and mesh were adapted as that for the 

thermal simulation. Then by interpolating the hourly 

heat generation of each mesh linearly into the data 

for each 5 minutes to carry out an unsteady 

simulation. Fig.13 shows the change of the heat 

generation quantity of the solar radiation for each 

wall surface in terms of time. Fig.14 shows the 

simulation result of the solar radiation at 10:10 AM 

and 01:10 PM where the distributions of the heat 

generation quantity of solar radiation are indicated 

with the depth of color. These distributions were 

obtained through linear interpolation from that at 10 

minutes later after the simulation of solar radiation, 

therefore not exactly representing the distributions of 

heat generation. However, as the total quantity of 

the solar heat generation for each wall surface can 

be regarded as mostly proper as shown on Fig.13, 

this linearly interpolated data was employed. Since 

the transmittance of glass was also taken into 

account in this solar radiation simulation, the direct 

solar radiation through the glass contributes to the 

indoor heat generation. 

4.3 Compound simulation of solar radiation/ 
ventilation/ thermal conditions 

Examples of the thermal simulation based on the 

result of the solar radiation simulation described 

formerly are shown in Fig.15. Here the temperature 

distribution immediately above the floor surface at 

the 1F living room, entrance, passage and stairs is 

shown with the depth of color. Affected by the solar 

heat generation, the east surface of the residence 

reached high temperature at 10:10 AM, while the 

west surface high temperature at 01:10 PM. Fig.16 

shows the result of outdoor and indoor thermal 

airflow simulation (natural ventilation in the 

intermediate seasons). The outdoor wind was given 

with a south wind of 1m/s. The arrow mark indicates 

the flow of air while the depth of color the thermal 

distribution.  At the 1F living room, it can be found 

that the temperature is rising affected by the solar 

heat generation on the floor surface. Further it was 

found that the ventilation effect is slight at the 1F 

area due to the existence of residences at the 

windward side, although the ventilation effect can be 

found to some extent at the 2F area. 

4.4 Ventilation simulation 

Fig.17 shows the result of the VR expression 

conducted to verify the ventilation effect with this 

system. For the condition of the simulation, the 

condition of the solar heat generation formerly 

introduced was used, and the human heat 

generation of 4 persons was taken into account 

additionally. The particles in light color represent 

fresh air while that in dark color conditioned air. It 

can be verified that these particles have been mixed 

well at several minutes after the starting of the 

ventilation system. 

5. CONCLUSION

This report described the development of a virtual 

simulation system for housing environment using the 

Rapid Prototype method. As a target of the 

development of this system, a number of days to 

simulate the environmental performance of an 

individual residence was set to a period less than 

three days subject to the condition that the relating 

CAD data is presently available. In order to express 

a housing environment to obtain easy understanding 

of clients, the simulation system of virtual housing 

environments was explained, and the VR method to 

display images in practical dimensions and change 

window dimensions to upgrade the reality was 

introduced. Using this system in addition, both the 

daylight environment taking surrounding residences 

into account and the thermal environment were 

simulated. The simulation of daylight taking the 

effect of surrounding buildings at the design stage 

was found to be effective in grasping the 

environmental performance of residences. Further, 

the action to change the position of windows 

suggested developing a cooperative designing by 

both the designer and the owner. Last in the 

simulation of thermal environments, a high 

possibility could be shown to realize the study taking 

the time fluctuation into account. Consequently, the 

authors believe that these technologies will greatly 

contribute to the designing work in the future.   
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Table 1 Essential points in designing individual housing 

Table 2 Characteristics 
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                               Detail 

Correct reproduction of individual housing for
inside/outside view of the building within a 
comparatively short period (Targeted for three days 
to complete data) 

Easiness in changing indoor/outdoor materials and 
reviewing the design of window layout or the like 

Rapid dealing to establish virtual experience 
scenario and change the condition at experiencing 

Realization of more practical virtual experience in 
which the planned site and surrounding buildings 
are taken into consideration 

No.

1

2

3

4

Lighting calculation 

  (1-day)  

(2-days)   

Preparation of 3-dimentional CAD data 

Receiving in DXF data 

Conversion of analysis/result to data for virtual experience 

Texture mapping, reflection rate setting 

Feeding-back

Setting of condition for day-lighting analysis 

Fetching of surrounding housing data 

Setting of accuracy for lighting analysis

Conversion of inside/outside of surface in CAD data 

Virtual experience and design change 

Data processing 

Editing of scenario for virtual experience 

Fig.1 Flow to prepare data for individual housing 

1  Virtual experience of design  

space (by walking through, etc.)  

2 Facilitated response to design  

change by connection with  CAD data  

3 Design simulation by change of  
material   

4 Design simulation by change of  
furniture layout  

5
Sensing of virtual space in  

practical dimension  

6
Grasping of scale feeling by the  
image of subjects themselves  
displayed inside virtual space   

7
Changeable space dimensions  
(ceiling height/corridor width) 

No. Merits 
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Projector 

Slanting type screen 

Polarizing glasses

Subject
Joystick 

Monitor 

Z-screen

Graphic workstation 

Keyboard 
Mouse 

VR display 

HP 

Disk  
(RAID 100G)

Personal computer 
Modeling  

Lighting analysis 

ONYX 

Operator

Monitor 

Keyboard 
Mouse 

Fig.2 Hard ware composition (image) 

image A

living

kitchen

image B

screen

virtual space

real space

subject A

subject B

Fig.5 Display in the practical dimension (image) 

Production of virtual space 

Obtaining of image information on subject 

Processing of image information 

(Resolution, color tone, texture mapping) 

Pasting/displaying of subject image 

inside virtual space

Simulation experience of virtual space

By walking through, etc.

Fig.3 Screen/projector setting 

Fig.4 Situation of experience 

Fig.6 Flow to display the subject 

(Ceiling height: 2.4m) (Ceiling height: 2.7m) 

Fig.7 Example in the practical dimension 

Projector 
Screen

Mirror 

Unit (mm)
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Table 3 Simulation case

case contents

1 lat. 35°N, long.145°E, 3/21 9:00AM 

2
lat. 35°N, long.145°E, 3/21 9:00AM

3
lat. 45°N, long.145°E, 12/21 9:00AM

9:00AM 10:00AM 11:00AM

12:00 1:00PM 2:00PM

A three-story house (south-east)

A three-story house (south-east)

Unit (mm)

Fig.8 Plan of the residence (living room) 

Fig.11 1F/2F plan

Living 

Kitchen 

Room1

Room2

Bedroom 

(1F) (2F) 

(Case 1:VR) (Case 1) 

(Case 2) (Case 3) 

Fig.9 Results of day lighting simulation 

Fig.10 Results of recalculation by changing 
the position of the window 

(10:00 AM)(9:00 AM) (11:00 AM) 

(1:00 PM) (2:00 PM) 

Fig.11 Change of the solar radiation 
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Fig.13 Distribution of the heat generation quantity Fig.15 Temperature distribution

(W/m
2
)

(W/m
2
)

(10:10 AM) 

(1:10 PM) 

(10:10 AM)

( C)( C)

( C)( C)

( C)( C)

(1:10 PM) 

Fig.14 Trend of the heat generation quantity Fig.16 Result of outdoor/indoor thermal airflow simulation 

Fig.17 Results of ventilation simulation
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