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2 ABSTRACT

Urban vitality represents the use of urban spate. Aigher the vitality, the stronger the attractiblow
urban space is used in the planning process andh®vitality changes within the space during thg dre
important evaluation indicators of the quality aban space. Based on this, this study uses theéttef
Things big data product, the heat map, to changkirwa day, and draws on the concept of the ground
feature spectral curve in remote sensing to propdsé-time urban energy spectral line model. Adentify
the type of urban space vitality. Taking Tianjinaasexample, by classifying and sorting out theperal-
spatial characteristics of urban vitality levelsistpaper explores the spatial distribution charéstics of
urban vitality in different periods of time, the arhcteristics of urban vitality changes under diajn
contrast, and the spatial distribution of urbamliti types in a full-time perspective feature. Baon the
above results, we put forward planning suggestfongianjin's vitality promotion and day-night sy,
combined with the business characteristics of kexas and put forward targeted urban renewal measur
and corresponding policy recommendations.
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3 INTRODUCTION

Vitality is the vigorous vitality, and refers toefability of things to survive and develop. Urbamtislogy
believes that urban vitality is composed of ecomonitality, social vitality, and cultural vitalitySpatial
vitality is merely a spatial representation of abdkiree parts[1]. Urban planning and architectunetipe
vitality on physical spaces such as settlementtreets, expressed as the ability of residenesdifersity,
species continuity and use intensity. Vitality stislone of the mainstream research directionkerfield of
urban planning[2]. In 1961, Jane Jacobs analyzedvifality of street perspectives and proposed as w
composed by mixed-use plots, blocks of appropsatde, mixed-age buildings and high population itens
His study is the beginning of research on urbaalityf3]. In 1977, Alexander proposed that urbatakty
was affected by the combination of event mode gadiad mode. The connection between cultural a@ivi
and public space formed the basis of urban vi{dlityThe above researches represent two perspeative
existing vitality research in planning science: iemvmental perspective and event perspective. $tudy
uses Baidu's heat map to characterize the inteakispace activities, defined the vitality by thegdee of
crowd activity, and explores the spatial and terapodnaracteristics of urban spatial vitality distdion.

In addition, the research methods of urban spatiality have gone through three stages[5-7]. le past,
researches were explained from a qualitative afjestive perspective, for example, by constructing
spatial vitality evaluation system and calculatihg probability of event occurrence. Later, it Hmsen
developed through voluntary geography Informatiod data to analyze the impact of small-scale dpatia
vitality, which is shown in space-time geographyithththe development of communication technology and
the quantitative analysis revolution, big data paw/ided new technical methods and data to sugpothe
study of spatial vitality. Some scholars constrdcte Social Sensing theory that provided a thedaletic
framework for urban space characterization throGglo-data and GIS technology[8,9]. In China, Interne
map supplier such as Baidu and Gaode recordedatitede and longitude information of service calis
mobile phones to integrate and form heat map ptsdwhich own a wide range of practical and scienti
value. This study is based on the concept of sseiasing, using heat map products and other datagsify
urban space under Tianjin case.
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4 DATA AND STUDY AREA

4.1 Data resource

Heatmap is a new kind of big data visualizationdoici, which was launched by Baidu in 2014. Thigdpuai

is based on the geographic location data colle@tech mobile phone APP. Through a certain spatial
expression processing, it is finally presented sersi with different grades of clustering. That tise
distribution of the population in the city is debed in real time by different color blocks supgrimsed
beyond on-line map. Specifically, it is based om libcation information carried by smartphone usdgngn
accessing Baidu products (such as search, map#eweand music, etc.). Then calculate the crowtsitie
and speed of crowds in each area to reflect thieasp#ferences in the flow of people with differtecolors
and brightness.The heatmap is displayed on thelenpbbne in the form of tiles. According to the lscaf
the acquisition area, it can be divided into 12évéls of spatial resolution. In each level, 7 typé RGB
color differences are obtained by inversion. Thdorso correspond to 7 levels of vitality intensity,
respectively, representing extremely low vitalityy vitality, lower vitality, medium vitality, higar vitality,
high vitality, and extremely high vitality. Thisugty uses Baidu heatmaps that are updated evergmalbur
(0-24 o'clock) during the whole day (0-24 o'clook) November 21, 2019 (Wednesday).
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Fig.1 frame of Baidu heatmap product

4.2 Study area

Tianjin is one of the four major municipalities @hina, with a resident population of 15.956 milliand a
total area of 1007.91 km2. In this study, the amihin Tianjin's outer ring road was used as theeaech
area, with a total area of 548.97 square kilomefEne Haihe River as an important tourist natueaburce
passed through the area. Judging from the lightlitons at night, this research area covers Tianjmain
economic and social activity areas, and the stadgganingful of megacities with a population of entran
10 million.

5 METHOD

In this study, the 48 pieces of obtained heatmagsliected into a raster dataset, and the curestablished
of each pixel. The curve is called the vitality sfpem. Based on the temporal characteristics alityt
spectrum lines in specific time periods, specifieas, and specific change patterns, the spatioteinpo
characteristics of Tianjin's spatial vitality typ@® summarized. Based on the above resultsdivided into
tidal space, quiet space, active space, and tramsjppace.

HealMap-00: 30

HeatMap-01: 00

...... - :|
48 pieces ‘ Ted :
Df HeatMap-12 ¢ uu —i | S _- 48 b d f—»
HeatMap o HeatMap dataser ‘ Angs:Q
...... y raster
p— dataset
HearMap-23: 30
Fig.2 Technical route
m SHAPING URBAN CHANCE REAL CORP 2020: SHAPING URBAN CHANGE
LIVABLE CITY REGIONG

FOR THE 21ST CENTURY Livable City Regions for the 21 * Century — Aachen, Germany



Peng Zeng, Zongyao Sun, Ziwei Gao

6 TIANJIN'S VITALITY SPATIAL PATTERN
6.1 Level Study

Fig.3 Temporal change of heat level ratio

According to the change of the heat level in a dag,city vitality of Tianjin's 24-hour cycle cam hlivided
into the following phases: 0-5 o'clock means laghhperiod, 6-9 o'clock means morning period, Z0-1
o’clock means working period, 18 -23 o’clock meaitght activity period. At 0-5 hours, there arelstdme
previous-day activities in the city that have noted. As time progresses, the active public fasliand
businesses in the city gradually go out of businass the city begins to enter the sleep rhythmthig
stage, it shows a decline in urban vitality andt hezels. At 6-9 hours, the city enters the morrogy hour,
and the working commute increases, which showsthigalievel of urban vitality rises and the spee@iser.
After 10 o'clock, the morning rush commute phasgsenand the city enters a period of smooth oparatio
Until 17:00, the city's vitality fluctuates littleAfter 18:00, the city changed from the working radd the
night active mode. According to the data, the ititdevel in the city has changed greatly, from triginal
0-1 two-level change to the 0-7 eight-level chargm. comparison, the reason for this phenomenonlgho
come from the data itself. Therefore, this studgsinot explore the difference between day and nigftt
only performs dimensionless processing at the damee After analyzing the changes in the area baor
vitality level after 19:00, it can be found thaetbverall decline of vitality in Tianjin after 190the areas of
extremely high activity areas, higher activity areend high activity areas decreased, and the afeas
extremely low activity areas increased. Gradualtgethe quiet phase in the middle of the night.

6.2 Pixel Study
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Fig.4 Vitality Spectrum of maximum, minimum and mdzeat level
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Analyzing the changes in the maximum, minimum, amdrage values of the heat level in Tianjin in one
day, the above rule can also be found. It is wadting that the maximum value change curve duritg t
daytime working period has an increase lag froma¥erage value. The trend of active areas and lbvera
vitality varies in individual day. By calibratindgpé above-mentioned areas with special phenomenaawe
find that several locations are typical first-cldgsspitals, retail centers, and financial centerdianjin.
Compared with the situation before 12 am and ddéyexperience in Tianjin, Tianjin residents ased to
going out for dealing affairs at afternoon, and shace with functional priority has become thet futsoice

for people to gather. The spatial vitality polatiaa caused by the scale effect is the main driforge of
daytime urban operation in Tianjin.

6.3 Vitality Spatial Pattern
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Fig.5 spatial distridution of heat level at 6 tispots

This study selected six time points: 00:34, 0712t34, 12:34, 19:34 and 22:34 for comparison. Feih
o'clock, the city enters the working commute stégen sleeping, and the vitality of the city increas
significantly. The vitality area increases, theaaoé vitality plaques increases, and the vitalipgrade in the
study area is evenly distributed. From 7 am to mQ he city transitions from the morning traffiat to the
working state. The level of urban vitality contisue rise. The area of vital plaques in the certrea of the
city has expanded and formed patches, formingtenpadf daytime urban crowd activity. A small numbé
roads in the city have obvious vitality, indicatitigt the road has more traffic at this momen. Fi@nam to
12 pm, the urban space vitality changes little, Hreoverall vitality distribution area slightlyrdinishes,
indicating that Tianjin residents have no obviotess¢l trend during the lunch break. At 19:00, tlity c
entered the night economic time, and the overtlity of the city increased significantly. It cae seen that
local residents have a certain preference for nighs and activities, and the highly dynamic areas
located in the central area. The circle is a typiepresentative. The southern of the Haihe Rier thigher
vitality than the northern bank. By 22:00, the nighbtivity entered a declining period, and thelitifaof the
city declined. Only a few entertainment businessridi's remained with a certain degree of vitalitie city
slowly entered the sleep rhythm.

6.4 Space category

Based on the analysis of residents' full-time béravand travel characteristics, this study irliji@lonsiders
the space into four categories: quiet space, aspaee, tidal space and transition space. Quieesders to
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the area with a small number of users during thelevperiod, including industrial land, storage laatt..
Active space is typically represented by businéssicts and has full-time vibrant urban space.al'gbace
is shown significantly dynamic characteristics bedw daytime and nighttime, such as urban spaceasich
CBD. Transition space refers to the area wherecttagacteristics of vitality change are not cleartHis
study, four types of space are distinguished basethe time line of the vitality level: if 80% oeds of 48
bands of pixel is lower than average grade ,iéggmrded as a quiet pixel; if 80% or more of 48 lsawfcpixel

is higher than average grade, the average valdetésmined as active pixels; when the vitality leMethe
pixel shows the opposite situation during the dag might, it is considered a tidal pixel; when thility
level of the pixel frequently fluctuates near thverage value, it is considered to belong to thetfotype of
space, the transitional space.
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Fig.6 vitality space classification result of Tiamgore area

Through the above classification method, the tygeognition of the areas within the outer ring radd
Tianjin was performed, and the obtained resultssamvn in the figure above. Analyzing the spatettgrn
characteristics of the vitality types in Tianjihjs found that Haihe River, as the birthplace @fhjin, has a
strong interference effect on urban vitality. Mtian 50% of the active space is distributed orsthehwest
side of it, and its integrity is strong.Patchesvihlity distributes independently, the size of ghas is
basically in line with the scale of the block. lretstudy of vitality, each block is relatively inmndent, and
the level of activity is not much different. Theffdsion effect caused by the vitality of one blosk’t
significantly stronger than that of other blocks &typical tourist area, the Italian style ared ¥raobailou
area in the middle of the Haihe River show obvitidal attributes. It is a dynamic area that proraatgban
culture and promotes tourism development duringddng but lacks vitality at night. The blue-gregrace
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and scenic spots in the city are all quiet spaeesexample, the Five Avenues Tourist Area is ledanh the
southwest side of the Haihe River. It is a quiedcgpin an isolated and active area. The trans#ijiate
mostly appears in the outer area of the study aneaily in the northeast direction, and is wrappsslnd
the small-scale active plaques, indicating thasehactive plagues have initially attracted poptyabut due
to their size and function, the attraction pointwuiility has a weak driving effect on the surroimd
area.Urban planning can be optimized and orgariaespecific function combinations.

7 CONCLUSION

The spatial classification method based on heat imahis study has certain practical significanoethie
study of spatial vitality pattern. This paper casibally achieve the goal of evaluating the typéd spatial
pattern of urban densely populated areas througtuBeaal-time heat map products. Taking the coea af
Tianjin as an example, the 24-hour data on Noverithe2019 were processed. The analysis resultasare
follows: The full-time urban vitality spatial patteis that the southwestern region is more actiwere
widely distributed, and the active areas in thethheast of the Haihe River are scattered The coiumect
between the vitality areas in the northeast shbeldtrengthened; the number of peripheral vitgiagues
is large and the area is small, and there is a toepldn for vitality improvement and transformattitm make

it a new space active pole.

From a methodological point of view, this methoddses the distribution of urban space vitality fram
macro perspective through data methods, which eamskbd as a pre-analysis and analysis of urbalityita
enhancement construction. It is also hoped thauttr this thesis, more scholars will be able taifoon
China's urban data construction, and more datasswyill be used in urban planning and construdtiche
future. Of course, there are still many deficiendiethis study, such as: there must be more datfication

of urban space vitality on weekdays, how to adfbst underactive areas needs further in-depth asalys
whether the active areas are too active and forgathe space. The above issues urgently need furthe
research and discussion.
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