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ABSTRACT

Under the backdrop of refinement of urban
governance and the increasingly broad application
of information technology, an urgent demand

for intelligent investigation has emerged among
urban planning and design professions. Cat’s

Eye, an intelligent investigation tool developed

by UrbanXYZ, operates with position information
of survey photos and computational vision
technology, realizing spatial mapping and photo
management in investigations of medium- and
small-scale planning and design projects. The
Cat’s Eye applet is designed to collect information
of spatial setting, facility / amenity conditions,

and human behaviors and activities; and its PC
terminal is developed for higher investigation
needs such as result visualization, video analysis,
and data management. This article introduces

the product architecture, technical innovation,
interface and operation, and investigation methods
of Cat's Eye. Furthermore, by combining authentic
cases, the article illustrates how Cat’s Eye
investigates the spatial setting, facility / amenity,
and human behaviors in survey areas. Finally,

the article prospects the future of intelligent
investigation tools.

KEY WORDS

Planning and Design Investigation; Intelligent
Investigation; Image Recognition Technology;
Deep Learning; Cat’s Eye
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x1: M “WRKR YALTEBREREHTERNRS
Table 1: Spatial quality investigation with Cat’s Eye

AR
Aspects of spatial quality

ERRE

Investigation issues

1) HHHEE, TRLRBALRRNTE, BRMSERESNER;

Z2t 2) HEMTEREA, FECRRBAREATENRZ BRRENER.
Safety 1) Walkability, including unevenness and damages of road surface, and discontinuous sidewalks;
2] Night lighting, including the out-of-order street lights and places where street lighting is lacked.
WERE XEBAE (hBk. B5H%F) . BEMREREEL
Sanitary Sanitary conditions (such as garbage and stains), noise, and unpleasant odor.
1) BRER, OREERENRNEIETERAHFYENER (E5) ;
2) ELRELE. N E. RERT SRS
2eomass 3) BRI NGIARREINE 8 RS
EEFE

Visual impact

1) Visible vegetation ratio, including visible vegetation ratio of specific places and the average visible
vegetation ratio of all the photos (Fig. 5);

2) Graffiti, post adlets or fliers, unpleasant signboards, and other incongruities;

3) Dilapidated built-up or landscape space; ill or dying plants.

1) EEERMLRALE;

SERER 2) EWEFEN ( REFRATENEFEN, 05 RERBENALEBE) .
Tidiness 1) Illegal construction and wiring chaos;
2] lllegal parking (that occupies fire passages, green space, or other public areas).
EESH AHZEFEFESH I RISEER (E6) -
Parking Parking distribution in public spaces and streets during different time periods (Fig. 6).
=2: MA “WRKR” WNREEREITEHRORE
Table 2: Facility / amenity investigation with Cat’s Eye
RHERER BARRE

Facility / amenity condition

Investigation issues

WRAE. BRAT. |YUNGR. RESEM. BEAT. EEAEMEE (B, BRRE. RE/FNHHE. TER

pHESHE B, RYBBFESRAEL ) BOHER.
Distribution and Distribution and quantity of trash bins, street lights, landscape features, fitness equipments, telegraph
quantity poles, seatings, and other objects (fire hydrants, clothes drying racks, newspaper boxes, milk boxes,
electricity substations, and clothes recycle boxes are commonly observed).
RRER RHEHE IRTE ERBHRER o

Extent of damage

Dilapidated or damaged facilities.

fERER RE#HM. BRI E AN EMERAR,
Usage Usage duration and the number of users of fitness equipments, street seatings, and other facilities.
x3: A “WRKR” T RBENHITEHRONE
Table 3: Behavior / activity investigation with Cat’s Eye
f7hiEsh BARRE
Behavior / activity Investigation issues
. BIEHBSIEIN, SINAMXERRE—TEHA/ERE (E7-9) , MIAEREMESRA ROA/E
ARBIERSE o N
P ; ’ TR AT
edestrian and vehicle . ) ) . : .
volumes Quantifying pedestrian / vehicle volume at certain places in the survey area by taking photos or
videos (Fig. 7 ~ 9).
BARSIREIN, WERXERNERNIE (2R, BEETH. Bk, €§2%) . K8 (]
K. EE) CCAFE (MR, Ak, ERERE ) (M (MER. FTRE) | TESThEDM
= ek (E10) .
BETA

Human behavior

People's working (e.g. security guarding, cleaning, delivering, and vending), rest (e.g. physical exercise,
walking the dog, and playing games), living (e.g. cooking, doing laundry, and trash dumping], social
activities (e.g. chatting and playing cards), walking, and other behaviors are recorded with photographs or
videos (Fig. 10).
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1 Introduction

Urban planning and design relies on field investigation to
collect first-hand data. Traditional investigation focuses more
on physical setting survey rather than considering social
factors, partially because it lacks efficient methods to measure
human behaviors or to quantify information from survey
photos and other recorded materials. In addition, traditional
investigation, as well as material sorting and mapping,
requires a considerable labor work. With a transition from
incremental planning towards inventory planning, planning
and design practitioners begin to seek refined investigation
approaches and take more consideration on the individuality
of research objects. Meanwhile, continuous advance and
innovation of information and communications technologies,
such as Internet of Things, Internet, cloud computing, and
big data, offer new technical supports to planning and design

research and investigation, especially to micro-scale practice.

Intelligent investigation tools, including online forms, online

o)

——— —mmOEABS

questionnaires, and survey-route recorders, have improved
investigation efficiency greatly. Nevertheless, such tools are
mostly developed for single use, which fail to meet multiple
needs during investigation processes of urban planning and
design practice. Cat’s Eye, an intelligent investigation tool
developed by UrbanXYZ in May 2018, was designed as an
integrated system which can improve investigation efficiency
and enhance the rationality and accuracy of schemes with
advanced technical means of deep learning and so on.

2 Design Concept

Investigation is about collecting information, which,
in a broader sense, entails research and analysis work. In
application scenarios, Cat’s Eye is defined as an investigation
tool for medium- and small-scale (e.g. communities or
neighborhoods) urban planning and design practice and
research. Such investigations are conducted to collect

information of spatial settings, facility / amenity conditions,
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Skylark is an
investigation tool

to collect public
comments. Users can
upload pictures of a
certain place and make
comments on safety,
traffic, environment,

or public service
problems.
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The average visible
vegetation ratio of the
Qianmen East area of
Beijing

Parking distribution of
the Qianmen East area at
8:00, 12:00, and 15:00.
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human behaviors and activities, and users’ comments. Since
comment collection largely relies on public participating,
UrbanXYZ developed another intelligent tool, Skylark®, to
investigate users’ comments specifically.

The product architecture and design of Cat’s Eye reconciles
multi-functionality and user-friendliness, in forms of applet
and PC terminal (Fig. 1). The Cat’s Eye applet runs within
WeChat program, which is low-tech and free to all users.

It provides basic investigation services, covering spatial
setting, facility / amenity condition, and human behavior

and activity. The PC terminal is designed for higher project
management and analysis needs, supporting large-file (such as
videos) uploading, data analysis and management, as well as
visualization of results.

Photography is the most commonly used data-
collecting means in investigations. Cat’s Eye operates with
the information of photo-taken locations to realize spatial
recording and mapping and smart management of survey
photos — Cat’s Eye is China’s first application that combines
intelligent technologies with investigation devices. By using
a user-friendly WeChat interface and adopting open source
datasets and algorithms of image segmentation and target
detection, such applets can recognize required information
from site photos taken by investigators. For example,
pedestrians and vehicles in given pictures or videos can be

detected and counted in seconds (Fig. 2).

3 Operation Methods

In the interface of Cat’s Eye applet, users can set up
a new project or import an on-going project and start an
investigation by creating certain tasks. When users take and
upload a photo, they can select or edit its basic information,
including location, time, and type. Specifically, photo types
range from human behavior, spatial setting, street furniture /
amenity to landscape, parking, and others; each type also has
detailed divisions. When a photo cannot be categorized into
any of these types, investigators are allowed to rename the
file for a more precise description and classification. When
investigators finish a task, they can review and export data of
six indicators: number of pedestrian, number of vehicle, visible
vegetation ratio, built-up area ratio, road area ratio, and sky
area ratio (Fig. 3).

In addition to the functions above, Cat’s Eye PC terminal
supports upload, image recognition, and data analysis of video
files (Fig. 4). Investigators can review all the analyses of a

certain project and visualize the results in indicators, time and
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types of the taken photos, and tasks in forms of dot-chart,
heat map, etc. The PC terminal also supports photo and
video exporting, which facilitates project management.

4 Investigation Methods

Cat’s Eye was initially conceived for community-scale
investigations. Now, as the number of its users grows, it has
been employed in boarder survey fields, and the priorities
of application and data analysis might vary according to
different project types or demands. UrbanXYZ summarized
a set of methods for general investigations, covering analyses
of spatial quality, facility / amenity, and human behaviors /
activities, which is demonstrated here with two authentic
investigation cases in Beijing: the Fayuan Temple case
conducted in August 2018 and the Qianmen East area case
conducted in November 2018. The survey areas of them are

N o tREHRBEHEBRAE

around 1.2 km” and 0.5km?, respectively.
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by Cat's Eye intelligent
recognition on video

—

files.

4.1 Spatial Quality

Investigations on spatial setting evaluate environmental

quality of public space by focusing on safety, sanitary, visual

impact, tidiness, and parking (Table 1). Specifically, parking
is one of the most lasting problems in urban governance
nowadays: quite a few public spaces are occupied by illegal

parking, impacting people’s use, perception, and experience of

public spaces.

4.2 Facility / Amenity

This investigation targets at the distribution, quantity,
extent of damage, and usage of different kinds of facilities and
amenities in the survey area (Table 2). Fitness equipments and

seatings are most commonly observed.

4.3 Behavior / Activity
This investigation records the patterns of people’s behaviors

and activities observed in the survey area. As important
indicators describing the vitality and traffic situation of the
survey area, numbers of pedestrians and vehicles are recorded.
The investigation also aims at collecting information of people’s

working, commute, rest, walking, living, and social activities at

particular places and time segments, and then selecting typical

behaviors for a further tracking observation (Table 3).

© o ItEEHRREHRERAT

5 Conclusion

By the end of March 2019, Cat’s Eye has served thousands
of users from all Chinese regions , as well as more than ten
oversea cities in Asia, Europe, and North America. It has been
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employed in a great number of planning and design investigation
projects, ranging from community renewal, urban design, rural
planning, landscape planning, historical and cultural heritage
protection, planning implementation evaluation to real estate
developments. By offering scientific methods that combine
intelligent means with investigation approaches, Cat’s Eye meets
various investigation needs and increases investigation efficiency.
In the future, Cat’s Eye is expected to keep improving its
efficiency and scientific reliability. On the technical level, image
recognition datasets will be updated to improve the accuracy
of intelligent recognition. Moreover, UrbanXYZ is going
to integrate more intelligent technologies into investigation
approaches. For example, drones are expected to be combined
with Cat’s Eye to take aerial photos or videos, offering an
alternative examining perspective that helps investigators
understand the survey site and inform the development of
pedestrian and vehicle circulation and parking planning schemes.
In terms of the interface, the team is considering introducing
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T4  Working
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455 Living

#3  Social activities
7%  Walking
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custom photo types and adding more indicators for result
analysis and review.

Technological advance has profoundly influenced the form
and trajectory of socio-economic development. With the aid
of intelligent tools, planning and design professionals could
overcome the limitations of traditional research and practice
modes. The future will see a faster and wider spread and
application of new technologies. In particular, the advance
of deep learning technology might allow for a highly refined
intelligent processing and analysis of image and video materials,
meeting higher demands of planning and design investigations
and the real needs of related practice in this age. LAF
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