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ABSTRACT

In this research, we used Augmented Reality
technology to develop a planning support tool (AR-
PST) which combines virtual building models and
building regulations with a real site to effectively
check whether design alternatives obey the
building regulations or design guidelines, and
realizes detection of violations of the building form
control regulations under the Building Standards
Law of Japan. Through the AR-PST, the users can
interact with the building models using mobile
devices (such as smart phones and tablets] to
further understand design proposals as well as
their influence on the environment around the real
construction sites to achieve a more reasonable
evaluation of them. User experience investigation
for this tool was then carried out via questionnaire
and interview. The results show that the AR-

PST has creative functional design and good
interactivity which can improve the communication
efficiency between designers and users and assist
urban planning and design.

KEY WORDS
Augmented Reality; Urban Design; Building
Regulations; 3D Model; Planning Support Tool

WE T Thim BE FEE
EDITED BY WANG Ying WANG Yinyu TRANSLATED BY LI Huiyan

VOLUME 7/ISSUE 2/ APRIL 2019



SR | ERsLH

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

1. BREEERMAIAD

BRFASHE
THFI AKX
1. Parts of the building Land use zones

form control regulations

| M0 11 HREEEZTERD

Exclusively low-rise residential |, Il

| K70 | KB RET A
Mid- / high-rise oriented residential I, I

| K70 || KIEEREMM

Residential I, Il

for 6 residential zones in
Japan

ERERE Basic FAR |

50%, 60%, 80%

| | 100%, 150%, 200% | | 400%, 500%

!

EAEEBKR Basic BCR | 30%, 40%

| | 50%, 60% | | 80% |

!

BR/S Height limit |

10m/12m

TePR%] No limits |

!

RS TR |

Road slant-plane restriction

!

#5) Special case

! !

LS ER S |

North slant-plane restriction

5m + 1.25L

FBR#EI No limits |

'

A8t AP 7 R )

Neighboring slant-plane restriction

FeRR] No limits 20m +

.

454 Special case

1 RMEEETEALPFTHEARD TR/ NAFUHAAEE, NEY. STFERNEEXRER; | XREEETEMABFFTNEARLGRY. SHFRN, 28EER

BRI 150m H9RT b 2= [8)

2. | X BEETABIEATREFSREETERA. BT ERTAFRAS, TEAERERTBE0M HWELEE; | XhERETAYPFTHRAXUBRERTIAYE
Hoh, EEEERERRBIT 500m K. KLt KIREEFIRSHH L =E,
3. | XEEREMAMATERERERENEERE, FINERLEGFEEERABIIS 000m R L EE. AAZEMEE; | XEEREMADPFTNRRLRBRR L EE.

DAZEMAEES, EEEREHM.

4. EREIERRTEA (BIAER) , ESAEXZENNRRTAEELR “BFBELEAEA" (e-Gov Japan ) 3B

Notes:

1. The permitted buildings of the category | exclusively low-rise residential zone include residential buildings which are also used as small shops or offices and elementary / junior
high school buildings; In addition to elementary / junior high school buildings, certain types of the permitted buildings of the category Il exclusively low-rise residential zone include

shop buildings with a floor area of up to 150 m” are permitted.

2. Category | mid / high-rise oriented residential zone is designated for medium to high residential buildings. In addition to hospital and university buildings, certain types of shop
buildings with a floor area of up to 500 m* are permitted; In addition to hospital and university buildings, the permitted buildings of category Il mid / high-rise oriented residential
zone include certain shops and office buildings with a floor area of up to 1,500 m? to provide conveniences for the local community.

3. Category | residential zone is designated to protect the residential environment. The permitted buildings include shops, offices, and hotel buildings with a floor area of up
to 3,000 m? In addition to shops, offices, and hotel buildings, the permitted buildings of category Il residential zone include buildings with karaoke box.

4. Data source: Building Standards Law of Japan. Please visit the official website of e-Gov Japan for more information on this regulation.
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1 Introduction

Planning support system (PSS) is a tool integrating systematic,
dynamic, and interactive computer-based techniques'" to assist

urban planning and design projects”, such as development

[31~[5] [6117]

prediction”™] spatial planning®"”, urban infrastructure

B1% "and urban landscape design'"""""!, However, most of

[3]~[6118][10]

location
the current PSSs either support 2D visualization or run
on 3D virtual environment™""! " through which the users can
hardly perceive or interact with the real world.

An emerging immersive technology, Augmented Reality
(AR), can overlap virtual digital components onto physical
objects, realizing a real-time immersive environment design'*"’!,
Combined with available hardware (such as smart phones and
tablets), AR-based mobile applications can be easily operated by
ordinary users.

Since its first introduction into pilot training'"*, the application

(5Iel e ducation!

of AR has expanded to medical sciences
human behavior research!"”, architecture, engineering, and
construction”. According to the “AR / VR Q2 Report 2015”
from Digi-Capital, an authorized investigation company of

the game industry, the AR market is going to reach USD 120
billion by 2020, nearly 50,000 times of that in 2014"*", In urban
planning and design, AR is also used as a new tool for cultural

[22][23] [24][25]

heritage conservation and smart city construction

€ Unity 2017.2.0f3 Personal (64bit) - arbuilding.unity - AR20170702 - PC, Mac & Linux Standalone® <DX11>
Edit Assets GameObject Component Vuforia Window Help

» € arbuilding*

@ Project
| create |

In recent years, the decision-making in urban planning
and design has increasingly emphasized the engagement
of all stakeholders, especially the public users and urban
managers”®. On the other hand, construction in high-density
urban environment is required to obey a series of complicated
planning and design regulations that are difficult for non-
professionals to understand and engage with”""" which
would impede the multi-party participation. Therefore, the
public need a knowledge source to these regulations. Current
technologies such as virtual reality (VR) have allowed for
a 3D visualization of the schemes of urban planning and
design, but they still fail connecting with the real world””. As
a response, we turned to AR and developed a tool (AR-PST)
with an expectation where the users can move around the real
streets and neighborhoods while perceiving the virtual 3D
buildings projected on them.

By generating and analyzing virtual building models with
the related building form control regulations, the AR-PST
for mobile devices can effectively work out the usable space
for buildings in the real site, and figure out whether the
proposal has made any violation. Through this interaction,
residents can better understand the design proposals and
regulations in real construction sites, and urban managers
can discover the potential illegality in urban planning and

design in time to improve the efficiency of urban construction.
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| Rend.sharematerial(1)

2 Research Design

In this research, at first, an AR-PST was developed through
the Unity 3D platform integrated with Vuforia SDK. Secondly,
ordinary users were invited to test the interface and performance
of the AR-PST: through examining the building models via
human-computer interactions like manual touch, users can
visualize the design proposals under the regulation framework,
and evaluate the implementation impact on the site. Thirdly,

a user experience investigation was conducted to assess the
AR-PST’s efficiency in designer-user communication and its

performance in assisting urban planning and design.
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gameObject gameObject
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2.1 Regulations under the District Plan

This research discusses the City Planning System in
Japan®. In this system, land is first divided into Promotion
Area (development promoted) and Control Area (development
prohibited); for urbanization promotion area, the land is
further classified based on specific purposes into 12 land use
zones under which a detailed district plan can be schemed. We
chose the 6 residential zones — exclusively low-rise residential
zone I and II, mid / high-rise oriented residential zone I and
I1, and residential zone I and II (Fig. 1) — and focused on the
regulations under the district plan of them.

Regulations under the district plan include three aspects: 1)

VOLUME 7/ISSUE 2/ APRIL 2019
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The District Plan under
the City Planning
System in Japan is
relatively perfect, they
play a positive role in
building form control
regulation, which can
provide references

for urban planning in
China.
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RH.

The AR-PST for
violation detection of
building setback line.
Users can use tablets to
access the initial page
of AR-PST.

locations of public facilities, such as small parks, local roads,
footpaths, and open spaces; 2) building form control, including
land use, building coverage ratio (BCR), floor-area ratio (FAR),
green space ratio, scale of building lot, and building setback line;
and 3) green area preservation. In building form control, the
building setback line is especially important for ensuring enough
space for a wide pedestrian path. It is composed of slant plane
restrictions of the road, north site, and adjacent site”™, and the
easiest to overlook, the restriction of the “horn site (commonly
known as corner cutting)”. It secures the safe view for
pedestrians and vehicles at the intersections of roads. Moreover,
considering the plots and houses at corner usually appeal more
to purchasers, it is essential to understand the building control
regulations on it. This research also takes the corner cutting
restriction as a core detection item.

2.2 AR Technology

An AR system usually consists of four parts: camera
tracking, virtual model rendering, 3D registration, and display
(Fig. 2). Camera tracking and virtual model rendering are tools
to combine the information of virtual and physical world.
As the core of the AR system, 3D registration is composed
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of simulation and haptic rendering, which are conceived as
a planning support but in this research only for the violation
check against the building form regulations.

3 Implementation of AR-PST

3.1 System Architecture

The AR-PST developed in this research mainly consists of
two modules: user interface module and data processing module
(Fig. 3).

The user interface module, conceived to facilitate the
interaction between the user and the tool, performs four
functions related to the building form: real-time editing, design
scheme comparison, usable space calculation, and building
regulations verification. According to actual needs, the real-time
editing function can input the size and shape parameters of a
site, where the design proposal model can be overlaid, moved,
zoomed, and rotated. Through the design scheme comparison,
the user can switch the roof and type of building models to
learn different appearance and interior layout alternatives for
a comparison of the impact on the real environment, to inform

design decision-makings. The function of usable space calculation

© © B, WRT



is developed to indicate the FAR and BCR of different design
proposals. For the building regulation verification function,
users need to determine the land use zone of the site and then set
the building form parameters, such as height limit, road slant-
plane restriction, north slant-plane restriction, and neighboring
slant-plane restriction. All these done, the tool can tell whether
the building model meets the building regulations of Japan by
the collision detection technique of Unity 3D.

There are three layers in data processing module: the
imaging layer, unity layer, and rendering and displaying layer.
The imaging layer consists of various components that deal
with imaging and marker® acquisition and tracking. The unity
layer consists of C# scripts repository and the core Unity physics

and graphics engine. It acts as an intermediary between the
imaging layer and rendering and displaying layer, conveying
the drawing calls to the Graphics Processing Unit (GPU) to
create virtual building models and positioning them in a virtual
3D environment. The rendering and displaying layer processes
information from the unity layer and outputs the data (real site
image, feature points of AR marker, virtual building models,
etc.) to mobile device terminals by the virtual model rendering

technique.

3.2 3D Modeling and Camera Setting
The next step after developing the AR-PST was 3D modeling.
The research utilized 3D Studio Max to create building models

=

Planning Support Tool for Building Form Using Augmented Reality

Statement: The tool is developed on the basis of building code

based on collision detection.
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Figure 4 shows an
example of AR marker.
AR marker is used to
detect and recognize
lighting, partial
overlapping, and
directions based on an
object's characteristics,
and shows excellent

performance™.
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with various forms and registered a 3D object in ImageTarget
hierarchy using Unity Package as the matching coordinates
(Fig. 5).

The second step is to set AR Camera. It is used to capture
images of objects in the real site to form a rendering background
for the virtual building models, so that the user can view the
design proposal with a reality-based environment. Through
system setting of AR-PST, the camera FRUSTUMs projection
type can be defined, as well as the plane and viewport rectangle;
the direction, device mode, mirror video background, and world
center mode of the AR camera can also be set. The target objects
are set by script codes. Through the camera’s detection they will
be imported into the AR-PST system, and the information of
their images will be saved in an XML formant for the system’s
call.

3.3 Collision Detection in Checking of Building Setback Line
Control

The violation detection against the building form regulations
is realized primarily through collision detection, illustrated with
an example of corner cutting detection in Figure 6 and 7. The
collision detection of AR-PST is realized with a trigger (based on
control regulations) and a collider (the virtual building model):
if there is a confliction (a violation against the regulations),
the trigger will send a trigger message as an alert. According to
the expected value in the trigger message, the user can verify
whether the building model meets the corner cutting regulations.

4 User Experience Investigation

4.1 Methods for Investigation

The user experience investigation can objectively reflect
whether the AR-PST is user-friendly or not. It mainly contains
users’ experience of functionality, interactivity, and fluency
of the AR-PST. The results can be obtained by participant
cognition, operation experience, and communication with the
participants respectively””'!. In February, 2017, the joint Spatial
Planning and Sustainable Development (SPSD) Lab by Fuzhou
University and Kanazawa University invited 20 students from
Fuzhou University, who do not major in urban planning and
design, to participate in the investigation.

Firstly, participants used tablets to enter the initialization
page of AR-PST (Fig. 8). The initialization page displayed the
tool’s name and statement so that participants can quickly
understand that the tool is developed on the basis of building
form control regulations and collision detection. Secondly,

participants went to the main menu interface and tested the
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F1: APFIREFRFERCronbach ofSERIER

Table 1: Cronbach’s a values for all scales

RESX BYERNREH Cronbach
Scales Number of items in each scale ronbach o
BRAETN
Operation evaluation 5 0.703
APRREE
Feedback investigation 4 0.716
x2: S5EVETIEENTMNNZISTRGBREE
Table 2: Participants’ interest in the AR-PST
Fs WERR HEmAE S
No. Test items Proportions
IR EERT #,

85%
Having a general familiarity with urban planning and design. 0

WEAMEHERT #o

Having a general familiarity with urban building regulations.

45%

3 THHERI KB ATE M AR R AR A
Believing AR technology be applied in urban planning and design.

75%

AR-PSTIREBEBR X
Believing the AR-PST very interesting and promising.

75%

performance of each function and the sensitivity of the human-
computer interaction by screen touch. The whole investigation
was conducted in the campus of Fuzhou University with three
design cases (Fig. 9). Thirdly, the participants were required

to fill out a questionnaire, reporting their basic information,
operation evaluation, and feedback investigation (the latter two
parts were in form of the modified Liker Scale) about the tool.

4.2 Investigation Result Analyses

Internal consistency reliability is used to indicate the
consistency degree of the questionnaire investigation results, and
the result reliability of scale and questionnaire investigations.
It is usually measured by Cronbach’s o, a statistical value
calculated from the interdependency among the investigated
items ranging between 0 and 1 — the more it approaches 1, the
higher reliability the investigation has. Table 1 illustrates the
Cronbach’s alpha values for all scales in this investigation. The
results indicated that the Cronbach’s a values are above 0.70,
showing a good reliability.

Participants’ tendentiousness of AR-PST was clearly
indicated by the questionnaire results. Table 2 shows that most

of the participants (85%) have a general familiarity with urban



x3: RERMETHTSARRISAENER

Table 3: The results of operation evaluation and feedback investigation

Fs BAERE IR IR A S SEL
No. Test items Options Proportions
A BSERISCR 4348 Real-time editing 10%
PR ESGRE— DI REAEE NN . .
EEIEEPFW:E“ BE—1 Iﬂﬁggk B. ®It77 Xtk Design scheme comparison 45%
1 Which functional module of the PST interested the
user the most? C. o] =3 [8)iT# Usable space calculation 15%
D. B AMMIL Building regulation verification 30%
A. EH#HR Strongly satisfactory 40%
AP TR PRGBGSR B E B. i#®& Satisfactory 50%
2 User's evaluation of the functional module that . R R
. . C. Z£fiifa Neither satisfactory nor unsatisfactory 10%
interests participants the most.
D. Ni##&E Unsatisfactory /
E. EFHAHR Strongly unsatisfactory /
RN NSV A 2, B Ve 90%
TR TR SR A2 AR, | e PR Yes ‘
3 The tool helps improve the communication B. A#%E Uncertain 10%
efficiency between designers and users.
C. T8 No /
A ZH, T Yes 85%
FA P RRIMATE 5 TR AR SR
4 The user can identify the function modules B. —f% Tolerable 15%
successfully.
uecessty C. BEH# No /
A 28, B Yes 75%
I TR L& TS,
5 . if ﬁj ) B. £#B) No /
The tool can assist urban planning and design.
C. RZE Uncertain 25%
o A 28, RAEH Yes 90%
B B
6 The cohesion between the functional modules is B. REi7R# No /
smooth.
C. T2 E—M Tolerable 10%
A RH, RRE Yes 80%
AMIZERE (0F AR ) BREEBD | 5 pomer well enough 20%
7 The sensitivity of human-computer interaction (e.g.,
manual touch) is satisfactory. C. RBUE—# Tolerable /
D. REERZE No /
4k H
SREEER IR TSR g | A BHEM Inteligence /
. B TRERAMNFERM—I? (HAWeME | B kit Interesting 45%
T ATHER; ARGIHAR A SR RAEE RN
KEAELE ) C. RJEM Flexibility 20%
8 The characteristics of the tool, compared to D. E#M Interactivity 35%
conventional planning support systems that only
work in virtual reality. (Users were asked to rank the | E.#%3|71 Fascinating /
six options; the proportions listed the rankings.) F #& M Educational /
A 28, RER Yes 65%
BHS5ELSEERILTE B. LA EH Well enough 25%
9 - . .
Whether participants like this tool. C. S No preference 10%
D. REXR No /
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planning and design; in contrast, their understanding level of
building regulations is far lower, which may be enhanced by the
AR-PST. 75% of the participants regarded AR-PST as interesting
and meaningful, and those supporting to apply AR technology
in urban planning and design also account for 75%. Some of the
objectors thought that the overlapping performance of virtual
building models and actual project plots is barely satisfactory, so
the AR technology is still underdeveloped.

The results of the operation evaluation and feedback
investigation of AR-PST are shown in Table 3. Among all the
participants, 90% believed that AR-PST can help improve the
communication efficiency between designers and users; 90%
appreciated the cohesion between each functional module; 85%
of them can identify all the function modules successfully; 80%
participants were strongly satisfied with the sensitivitiy of human-
computer interaction. Moreover, 75% of the participants held
that AR-PST can assist urban planning and design; 65% of them
liked AR-PST. Interestingness, interactivity, and flexibility are
three main advantages of AR-PST in comparison to conventional
PSSs that only work in VR. Specifically, interestingness means that
AR-PST can present the textual building regulations in form of
3D models, which are easier to understand; interactivity indicates
the excellent experience of screen touch and human-computer
interaction, and the dynamic presentation of design proposals;
and flexibility reflects that AR-PST can easily realize switches of
visual angle and the real-time editing of building models.

5 Conclusions

The AR-PST developed in this research allows users to
better understand and evaluate building design proposals under
building control regulations in real construction sites, so as to
help improve the communication efficiency between designers
and users. The results of user experience testing indicate that
the AR-PST has shown creative functional design and excellent
interactivity in the process of violation detection against building
form control. In the future, AR-PST is expected to be applied
into more practical cases, for a more reasonable analysis of the
usable space of buildings considering all planning regulations
and the enhancement of its better application in urban planning
management. LAF
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