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1 引言

规划支持系统（PSS）是一种应用系统性、动态化和交互性计算机

技术来辅助城市规划与设计的工具[1][2]，目前已被应用于城市开发预

测[3]~[5]、空间规划[6][7]、基础设施选址[8][9]、城市景观设计[10][11]等领域。

然而，当前大多数PSS或仅支持二维信息的可视化[3]~[6][8][10]，或仅能在

三维虚拟环境下运行[2][7][9][11]，无法使用户感知现实世界并与之互动。

而正在兴起的增强现实（AR）技术则可将虚拟的数字模型与真实

物体相叠加，以提供沉浸式用户体验，并使实时环境设计成为可能[12][13]。

基于AR技术的应用程序对硬件要求不高、易于操作，适用于智能手机、

平板电脑等多种移动设备。

20世纪90年代，航空领域首先引入AR技术用于飞行员培训[14]。当

前，这一技术已被推广至医学科学[15][16]、教育[17][18]、行为研究[19]、建筑
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设计、工程和建设[20]等领域；据由权威游戏市场调查公司Digi-Capital平

台发布的《2015年AR/VR发展报告》估计，到2020年，AR技术的市场

份额将达到近1 200亿美元，比2014年激增近5万倍[21]。在城市规划设

计领域，AR也作为一种新技术推动了文化遗产保护[22][23]与智慧城市建

设[24][25]。

近年来，城市规划与设计的决策越发注重吸纳所有利益相关方的

意见（包括普通居民和城市管理者）[26]；另一方面，在高密度城市环境

中进行建设需遵循的规划设计条例十分复杂，非专业人士往往对其并

不了解[2][10]，在上述决策中的参与度非常有限。因此，公众参与者迫

切需要了解城市规划设计条例的渠道。当前的虚拟现实（VR）等技术

虽然已能实现城市规划与设计方案的3D可视化与虚拟漫游等功能，

但无法在虚拟建筑模型与真实建筑之间建立直观联系[27]。因此，我

们研发了一种基于AR技术的规划支持工具（AR-PST），试图让使

用者能一边漫步于现实城市环境中，一边将虚拟3D建筑物投射到周

围的街道和地块上进行感知，以帮助提高城市规划与设计的公众参

与度。

这一面向移动设备的工具可基于规划设计方案生成虚拟建筑模

型，并结合相关条例与规范对其进行分析，得出可利用建设空间及其

与建筑形态控制要求的关系，从而判断设计方案是否符合建筑规范或

设计指南。通过使用该工具，居民可在实际建设场地中与虚拟建筑模

土地利用分区    
Land use zones

Ⅰ类和Ⅱ类低层住宅专属用地      
Exclusively low-rise residential I, II

50%, 60%, 80%

30%, 40%

10m / 12m

5m + 1.25L 10m + 1.25L

20m + 31m +
1.25 2.5

l l

1.25 1.5

特例  Special case

特例  Special case

50%, 60% 80%

100%, 150%, 200% 300% 400%, 500%

Ⅰ类和Ⅱ类中高层住宅用地     
Mid- / high-rise oriented residential I, II

无限制  No limits

无限制  No limits

无限制  No limits

Ⅰ类和Ⅱ类住宅配套用地      
Residential I, II

基准容积率  Basic FAR

基准建蔽率  Basic BCR

限高  Height limit

道路侧斜平面限制  
Road slant-plane restriction

北侧斜平面限制  
North slant-plane restriction

邻地侧斜平面限制  
Neighboring slant-plane restriction

注：

1. 	Ⅰ类低层住宅专属用地中许可的建筑类型可包含小型商业或办公空间，以及初、高中学校的住宅类建筑；Ⅱ类低层住宅专属用地中许可的建筑类型除初、高中学校外，还包含首层

面积不超过150m2的商业空间。

2. 	Ⅰ类中高层住宅用地主要用于建造中高层住宅类建筑。除了医院和大学建筑外，还包含首层面积不超过500m2的商业空间；Ⅱ类中高层住宅用地中许可的建筑类型除医院和大学建

筑外，还包含首层面积不超过1 500m2的、为当地社区提供便利服务的商业空间。

3. 	Ⅰ类住宅配套用地用于建设居住环境的配套设施，许可的建筑类型包括首层面积不超过3 000m2的商业空间、办公空间和酒店；Ⅱ类住宅配套用地中许可的建筑类型除商业空间、

办公空间和酒店外，还包含娱乐场所。

4. 	图中数据来源于日本《建筑标准法》，更多有关该法规的内容可访问日本“电子政务综合窗口”（e-Gov Japan）获取。

Notes:
1. 	The permitted buildings of the category I 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 II exclusively low-rise residential zone include 
shop buildings with a floor area of up to 150 m2 are permitted.

2. 	Category I 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 m2 are permitted; In addition to hospital and university buildings, the permitted buildings of category II mid / high-rise oriented residential 
zone include certain shops and office buildings with a floor area of up to 1,500 m2 to provide conveniences for the local community.

3. 	Category I 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 m2; In addition to shops, offices, and hotel buildings, the permitted buildings of category II 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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型进行互动，以更充分地了解施行的设计方案和相关规划条例；城市管

理者则可以发现规划设计方案的违规之处，以提高城市建设的效率。

2 研究设计

在本研究中，上述AR-PST的开发工作主要基于安装了Vuforia SDK

插件的Unity 3D平台；研究团队随后邀请了若干非城市规划与设计相关

专业的用户对此工具进行测评，通过手动触摸等人机交互操作全面检

视虚拟建筑模型，以结合相关建筑规范更好地理解和评估设计方案及

其对实际场地环境的可能影响；最后对上述用户进行体验调查，以检

验AR-PST能否有效提高设计师与用户之间的沟通效率，以及是否为城

市规划与设计提供了帮助。

2.1 街区规划规范

本研究将日本城市规划体系下的建筑管理规范作为讨论对象①。

该规划体系首先将土地分为可开发区域和禁止开发区域；在城市建

设中，根据其具体用途，可开发区域的土地被进一步划分为12类土地

利用分区；各个城市可根据实际需要，在土地利用分区层级上制定更

为详细的街区规划（District Plan）。本研究选取其中6类住宅用地利

用分区—Ⅰ类和Ⅱ类低层住宅专属用地、Ⅰ类和Ⅱ类中高层住宅用

地，以及Ⅰ类和Ⅱ类住宅配套用地（图1），探讨其街区规划层级上的

建筑规范。

街区规划规范的内容涵盖三个方面：1）公共设施选址，如小型公

园、地方公路、人行道，以及开放空间等；2）建筑控制规范，包括土

地用途、建蔽率（BCR）、容积率（FAR）、绿地率、建筑用地规模和

建筑退线控制；以及3）绿地保护。其中，建筑控制规范中的退线控制

又可具体分为道路侧斜平面限制、地块北侧斜平面限制、邻地侧斜平

面限制[28]，以及最易被忽略的“角点（切角）建筑限制”，前三者主要

用于保障人行道具有足够宽度，切角的设置则使行人和机动车司机在

十字路口处的视野不受建筑遮挡，以保障出行安全；加之在土地和房

产交易中买家也往往更青睐位于道路交叉口的地段，因此了解建筑的

切角控制规范尤为重要。本研究将上述建筑退线的合规性作为AR-PST

最主要的检测对象。

2.2 AR技术

如图2所示，AR系统通常由摄像机追踪、虚拟模型渲染、三维配准

和显示4个部分组成。其中，摄像机追踪和虚拟模型渲染模块用于虚拟

世界与现实世界信息的叠加。三维配准是AR系统的核心，主要分为仿

真和触觉渲染两部分，用于辅助建筑规划，但其在本研究中的应用仅

限于对建筑形态控制进行合规性检验。

3 AR-PST的实现

3.1 系统架构

本研究所研发的AR-PST主要由用户界面模块和数据处理模块组成

（图3）。

摄像机追踪      
Camera tracking

三维模型配准      
3D model registration

模拟      
Simulation

世界模型      
World model

模拟引擎      
Simulation engine

触觉渲染      
Haptic rendering

碰撞检测      
Collision detection

触觉设备      
Haptic device

控制算法      
Control algorithms显示     

Display

虚拟模型渲染      
Virtual model rendering

追踪系统      
Tracker

图像引擎      
Graphics engine

压力反应      
Force response

2.  AR技术的系统框架

2.  System framework of 
AR technology
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用户界面模块是使用者与此工具互动的桥梁，主要包含4个与建筑

形态相关的操作功能：实时编辑、设计方案对比、可用空间计算及建

筑合规性检验。通过实时编辑功能，用户可输入地块的大小和形状信

息，并将设计方案模型叠加在地块上，进行移动、缩放和旋转。设计

方案对比功能可切换模型的屋顶样式及建筑类型、改变模型的外观及

内部空间布局，供用户感知、比较和评估不同方案中建筑物周边现实

环境的影响，并选出更合理的方案。可用空间计算功能可显示不同方

案模型的实际容积率与建蔽率。在建筑合规性检验模块中，用户首先

需选择方案地块的土地开发用途，并设置好相关的建筑形态控制标准

参数，如高度限制、道路斜平面限制、北侧斜平面限制和邻地斜平面

限制等；而后，系统可通过Unity 3D平台的碰撞检测技术检验建筑模型

是否符合相应的建筑规范。

数据处理模块分为成像层、整合层和渲染显示层三个层级。成像

层由用于成像和标记②采集与追踪的各种组件构成。整合层由C#脚本

库和核心的Unity物理引擎及图形引擎组成，衔接着成像层和渲染显示

层；该层级可向图像处理器（GPU）发出绘制指令以创建虚拟建筑模

型，并在虚拟三维环境中对模型进行定位。渲染显示层采用虚拟模型

渲染技术，对从整合层获取的数据（包括真实场地图像、AR标记的特

征点、虚拟建筑模型等）进行处理，并将结果输出到移动设备终端。

3.2 三维建模和摄像机设置

完成AR-PST的开发之后，研究先使用3D Studio Max软件创建

了若干形态不同的三维建筑模型，并以Uni ty资源包为匹配坐标，在

ImageTarget 层级中进行三维模型配准（图5）。

操作的第二步是设置AR摄像机。AR摄像机可以采集现实场地的图

像并生成渲染背景，以便用户将虚拟建筑模型投射到上面观看，从而

实现虚拟设计方案与现实世界的结合。在AR-PST系统中可以切换摄像

机视椎体（FRUSTUM）的投影类型，调整平面和视口矩形的大小，亦

可对AR摄像机的方向、设备模式、镜像视频背景及全球中心模式等参

数进行设置。摄像目标可通过脚本代码来设置。摄像机检测到目标物

体后，目标对象将被导入到系统项目中，并将其图像信息存储为XML

文件以便调用。

3.3 基于碰撞检测的建筑退线合规性检验

碰撞检测模块是AR-PST实现建筑合规性检测功能的关键。图6与

图7以建筑切角合规性检测为例，展示了该模块的设计与工作原理。

AR-PST使用碰撞触发器进行碰撞检测，虚拟建筑模型即为碰撞体。当

检测过程中存在冲突（即碰撞发生）时，碰撞触发器将发送一条触发

消息作为提示。研究人员可通过对比两个碰撞体的结构与其预期值来

检验建筑模型是否符合建筑的切角限制规范。

4 用户体验调研

4.1 调研方法概述

用户体验调研的结果能够客观反映AR-PST是否易于使用。调研的

主要内容包括AR-PST的功能、交互性和流畅性的体验，体验数据可通

用户      
User

视觉反馈       
Visual response

数据传输      
Data transmission

指令传输      
Command transmission

实时编辑      
Real-time editing AR图形码     

AR marker

摄像机    
Camera

成像层  Imaging layer

整合层  Unity layer

渲染显示层  Rendering and displaying layer

图形码识别与追踪       
Marker recognition and tracking

Unity物理引擎与图像引擎      
Unity physics and graphics engine

C#脚本库      
C# script repository

渲染设备      
Rendering device

结果显示      
Displaying output

设计方案对比      
Design scheme comparison

可用空间计算      
Usable space calculation

建筑规范检验      
Building regulation verification

系统     
System

退出     
Exit

用户界面模块     
User interface module

数据处理模块       
Data processing module

操作      
Manipulation
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过参与者基本信息了解、操作体验及与参与者沟通三种途径获取[31]。

2017年2月，福州大学－日本国立金泽大学国际联合实验室对福州大学

20位非城市规划设计专业背景的学生进行了用户体验调研。

首先，参与者使用平板电脑进入AR-PST的初始化页面（图8），

该页面显示了AR-PST的名称，并说明了其用途是通过碰撞检测技术对

建筑形态的合规性进行检验。随后，参与者进入主菜单界面，以手动

触摸的方式测试各功能模块的效果及此工具整体的人机互动灵敏度。

整个调研均在福州大学校内的实际场地中进行（图9）。最后，参与者

需根据试用体验完成问卷调查，问卷包含参与者基本信息、操作评价

和反馈调查三部分，其中后两部分采用修正里克特量表形式。

4.2 调研结果分析

内部一致性信度可反映问卷调查结果的一致性程度以及量表和问

卷调查的信度，通常用克隆巴赫系数来表征，该数值通过计算项目之

间的相关性得出，取值范围为0~1，越接近1说明各调查项目之间的相

关程度越高，量表或调查问卷的信度也越高。表1展示了本次用户体验

调研中操作评价量表和反馈调查量表的信度检验结果，从中可知两部

分量表的克隆巴赫系数均在0.70以上，即调研结果具有良好的可信度。

参与者的基本信息结果清晰地呈现了其对于AR-PST的倾向性。从

表2可见，85%的参与者对城市规划设计有着较深的理解。但参与者对

建筑规范的理解程度则远远低于对城市设计的理解。因此，AR-PST在

普及建筑规范方面有着较大的发展空间。同时，75%的参与者认为AR-

PST非常有趣且很有意义；另有75%的参与者支持将AR技术应用于城市

规划设计中，其余参与者持反对意见的一个重要原因是认为AR技术的

发展还不够成熟，虚拟建筑模型与实际项目地块的叠加契合度还有待

提高。

针对AR-PST进行的操作评价和反馈调查结果可参见表3。90%的

参与者认为AR-PST可以提高设计师与用户之间的沟通效率，另有90%

的参与者认为各功能模块之间衔接顺畅；85%的参与者能够成功识别各

个功能模块；80%的参与者对人机交互界面的灵敏度非常满意。此外，

75%的参与者认为AR-PST可以辅助城市规划与设计；65%的参与者表

示喜欢这款工具。与仅支持虚拟环境的传统PSS相比，AR-PST的主要

优势在于趣味性、交互性和灵活性：趣味性表现在AR-PST能够以三维

空间模型的形式呈现建筑规范条例，以帮助用户加深对规范文本的理

解；交互性是指其能以手动触摸的方式实现灵敏的人机交互效果，且

可以动态呈现设计方案；灵活性在于其可轻松实现视角转换以及建筑

模型的实时编辑。

5 结论

本研究所研发的AR-PST可令用户在真实的建造场地中更好地理解

与评估相关规范指引下的建筑设计方案，从而帮助提高设计师和用户

之间的沟通效率。用户体验测试结果表明，AR-PST具有创新的功能设

计和良好的交互性，可以对建筑形态的合规性进行有效检验。本研究

的下一步工作是将AR-PST应用到更多的实际案例中，以基于各项规划

规范更合理地分析建筑可用空间，促进其在城市规划与设计中的更好

运用。
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4.  AR标识示例

4.  An example of AR 
marker
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5.  供AR-PST检测的三维虚

拟建筑模型

5.  A 3D virtual building 
model for AR-PST 
detection5
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1 Introduction

Planning support system (PSS) is a tool integrating systematic, 
dynamic, and interactive computer-based techniques[1] to assist 
urban planning and design projects[2], such as development 
prediction[3]~[5], spatial planning[6][7], urban infrastructure 
location[8][9], and urban landscape design[10][11]. However, most of 
the current PSSs either support 2D visualization[3]~[6][8][10] or run 
on 3D virtual environment[2][7][9][11], 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[12][13]. 
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[14], the application 
of AR has expanded to medical sciences[15][16], education[17][18], 
human behavior research[19], architecture, engineering, and 
construction[20]. 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[21]. In urban 
planning and design, AR is also used as a new tool for cultural 
heritage conservation[22][23] and smart city construction[24][25]. 

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[26]. 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[2][10], 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[27]. 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.

DA19040249-5-120-143-c6.indd   137 19-5-7   上午7:05



138 VOLUME 7 / ISSUE 2 / APRIL  2019

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.

2.1 Regulations under the District Plan
This research discusses the City Planning System in 

Japan①. 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 
II, 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) 
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切角示意图       

An example of a corner cutting

Less than 6 m

2 m

2 m
Less than 6 m

Corner cutting

小于6m     

小于6m     

切角      
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6.  道路转角处的建筑后退

红线

7.  碰撞检测中触发器（图

中竖平面）的状态变

化：当它与另一个触发

器发生碰撞时就会发出

触发消息，并改变颜色

作为提示。

6.  Building setback line in 
a road corner

7.  The state changes of 
a trigger (the vertical 
plane) in collision 
detection: the triggers 
will send a trigger 
message and its color 
will also change as an 
alert when a collision 
occurs.
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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 

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[28], 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 

8.  用于检测建筑是否违

反建筑后退红线的AR-
PST，用户可通过平板

电脑访问该工具的初始

页面。

8.  The AR-PST for 
violation detection of 
building setback line. 
Users can use tablets to 
access the initial page 
of AR-PST. 8
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①  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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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 marker② 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 

(a) 初始化页面      
 Initialization

(c)  实时编辑界面

 Real-time editing

(b) 主菜单界面    
 Main menu

(d)  建筑规范检验界面

 Building regulation verification 

9.  用于用户体验测试的数据

9.  The data used for user 
experience testing9
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②  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[30].
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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 α, 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 α 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 

表1：用户体验量表调查的Cronbach α信度检验结果
Table 1: Cronbach’s α values for all scales

5

4

0.703

0.716

调查量表
Scales

操作评价
Operation evaluation

用户反馈调查
Feedback investigation

每个量表的项目数
Number of items in each scale Cronbach α

表2：参与者对基于增强现实的规划支持工具的兴趣调查
Table 2: Participants’ interest in the AR-PST

对城市规划设计有基本了解。

Having a general familiarity with urban planning and design.

对建筑规范有基本了解。

Having a general familiarity with urban building regulations.

支持增强现实技术在城市规划设计中的应用。

Believing AR technology be applied in urban planning and design.

AR-PST很有趣且有意义。

Believing the AR-PST very interesting and promising.

85%

45%

75%

75%

序号
No.

1

2

3

4

调查项目
Test items

符合描述者占比
Proportions

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 FRUSTUM’s 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[31]. 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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表3：软件操作评价与用户反馈调查的结果
Table 3: The results of operation evaluation and feedback investigation

此工具中用户最感兴趣的一个功能模块

Which functional module of the PST interested the 
user the most? 

用户对此工具中最感兴趣功能模块的满意度

User's evaluation of the functional module that 
interests participants the most.

此工具有助于提高设计师与客户之间的沟通效率。

The tool helps improve the communication 
efficiency between designers and users.

用户能顺利找到各功能模块。

The user can identify the function modules 
successfully.

此工具对城市规划设计工作有帮助。

The tool can assist urban planning and design.

各功能模块之间衔接流畅

The cohesion between the functional modules is 
smooth.

人机交互界面（如手动触摸区域）的灵敏度较高

The sensitivity of human-computer interaction (e.g., 
manual touch) is satisfactory.

与仅能在全虚拟环境下浏览的传统规划支持系统相

比，此工具最大的特色是哪一项？（对右侧6个选

项进行排序；本表统计结果为各选项出现在首位的

次数占比）

The characteristics of the tool, compared to 
conventional planning support systems that only 
work in virtual reality. (Users were asked to rank the 
six options; the proportions listed the rankings.)

调研参与者是否喜欢此工具

Whether participants like this tool.

A. 建筑模型实时编辑  Real-time editing 

B. 设计方案对比  Design scheme comparison 

C. 可用空间计算  Usable space calculation 

D. 建筑合规性检验  Building regulation verification 

A. 非常满意  Strongly satisfactory 

B. 满意  Satisfactory 

C. 无倾向  Neither satisfactory nor unsatisfactory 

D. 不满意  Unsatisfactory 

E. 非常不满意  Strongly unsatisfactory 

A. 是的，有帮助  Yes 

B. 不确定  Uncertain 

C. 无帮助  No 

A. 是的，可以  Yes 

B. 一般  Tolerable 

C. 较困难  No 

A. 是的，有帮助  Yes 

B. 无帮助  No 

C. 不确定  Uncertain 

A. 是的，很流畅  Yes 

B. 不够流畅  No 

C. 流畅程度一般  Tolerable 

A. 是的，很灵敏  Yes 

B. 比较灵敏  Well enough 

C. 灵敏度一般  Tolerable 

D. 灵敏度较差  No

A. 智能性  Intelligence 

B. 趣味性  Interesting 

C. 灵活性  Flexibility 

D. 互动性  Interactivity 

E. 吸引力  Fascinating 

F. 教育性  Educational 

A. 是的，很喜欢  Yes 

B. 比较喜欢  Well enough 

C. 无明显倾向  No preference 

D. 不喜欢  No

10%

45%

15%

30%

40%

50%

10%

/

/

90%

10%

/

85%

15%

/

75%

/

25%

90%

/

10%

80%

20%

/

/

/

45%

20%

35%

/

/

65%

25%

10%

/

序号
No.

1

2

3

4

5

6

7

8

9

调查项目
Test items

选项
Options

选择此项的人数占比
Proportions

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. 
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