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Synergised City: Frequency Synergy in Spatiotemporal Data-Augmented-Design
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Real cities continue shifting and evolving almost instantly. With the massive cross-modal, high-frequency, and spatiotemporal
data, the approaches in urban analytics and spatial intervention are now known to be high-frequency, complementing the
conventional, low-frequency methods, and providing new possibilities for short-term and long-term decision-making for urban
wellbeing. The so-called "high-frequency city" and "low-frequency city" imply two paradigms that are not well-associated
and mutually referenced, and the scrutiny on the urban frequency and on the cities under different frequencies is very still
absent. This research introduces a new paradigm named "hybrid-frequency city" as a new methodology to incorporate the high-
frequency city and low-frequency city comprehensively. It is argued that neither a fully high-frequency city nor a pure low-
frequency city is the ultra-form of the future city. Urban frequency is defined as a fundamental element in the hybrid-frequency
city, which is closely associated with domains, resolution, scales, etc. In our framework, the method to calibrate proper
resolutions and scales for the purposed spatial domain is proposed and a frequency modulator is required for synergising the
interventions across domains, scales, and resolutions for various urban issues. It is demonstrated that urban frequency is an

essential type of urban intelligence that benefits relevant urban studies and practice with domain-scale-resolution precision.
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Fig.1 Comparison between the old and new data environment
with respect to frequency
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Fig.2 Data-augmented-design information model as a well-balance of
high and low frequency cities
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Fig.3 Definition of spatial unit, scale, resolution, and distance in the condition of frequency

HHEKR: £ H 4.

E4 i EFHER S S =B A ?ﬁ}E’JE’J,ﬁﬂ

Fig.4 Emergence of essential patterns in space-time variability

HEKR: £ H 4.



12 | BURHERIRIT TR

LA AT RIS SR i A,
DN AR S 93 5 5 Je R Joe A 2 1l 4 ¢ g A8 3
PR A4, IR R S8 d 3R AR AL SRR
A U5 5 AELO4E DA Lo T EE R ) 2, JX LIy
IR A TR S AL T B SRy, i e
e ERE— PG AR S, B
TR 0L 750 By i LA S mT R wT g
G T T 950 FE SR R BE 5 oK o 3% L1 K
Z=RURIEE FURTE FE) 4 e s G
P, TR T X AR S P v R SR 78 oK 2 T R
SERH, WP AT A0 W 5 2 KR T,
T 33 7 A 300 948 DU A A A SR AR B il i R 4 TR
B, FF A B SR BT 1 B, i DR A T
W R R AT A B TR B AR R, I
K 5 Ik 2 0 9 LA A 30 R S8 A
REAT TG , 3 R O IR B B R AR ) o

3 EHhEN (HZ) HiEEERit
3.1 (=) #EEEIRITAUESR

WRFEHT ST id WAl , AR ST Hh I 2 Kl
BAER B VT R UESRAESR, HoHnr LAy 2 P 45 -
— 2 (R T, He AT 55 R AR AR
WA 5 I 23 1R A AT R, AR SR
BALTT RO BERORE BE T B 5% 2R , 0 R A 58 2 W)
SECFRI A Jey B VAR TR 265 B A H 5w PR
A B B R A I 2R AL, X SR 3 L %
2 e AN 5 R 2 T B AR, L T M 5%

TN B B 52 0 R 5 B R e U
BN B 34T I 28 S 10K , AR T B g ML A
I 2 4 B 5 b , 0 A ML T
P P 253 05 ], S04 2 KRS A 9 oL, 5 7 P 25
7853 Wi 4, TR DA 22 10D BT Y HATB 25
PR T8 SLIFY~ 45 I 2 Wi 12 A ) LR B 5RE
W (WL FE6) o P22 R HAR B 15 1R IB 2 F

(1) =I5 S He R 24k

KAV Hiw Ghp AR T
PR 2% ) BTG W A RE ~ ROBEAIRL 562
T SETT RIS , T 05 i A 3 T LA
ARG AT o0 AU , AR08 P 2 2 S BE TP 5 2% 930
B 0 o 22 430 2 1) R JBE AT SR JBE P8
R F o 2 N RO E LT Ik 2 e 4 45
T 15 ARSI BB AT IR Ak, PRUA 0
P 2% ) BT AISRE , P18 ] AR A AT B
e, 3 P 2 P A BT ) R A A A e )
R, 2200 5020 B D B 0 v, BRI B A 3%
W W) 282 B SR PR A o S BE R AR 72 HAT S
RURFAE 8 SCH B AR BE T, BB B B e 2
HBALER, 25 & o] AR AN AT g J Stk R ]
A 2 4t O B DU IR e 10 2 2 S, BE AL SRR
BT 53 ARAT I 2 VR ST W S T, T i 0
A% 4eqk -

(2) 23 VAR - ) 2 B =2 ) Ak

1 B B Ik 2 5 ) ER) - 8 v 30 kR T
BEAL5 H AR L Ha At SR 1K, 38 1 22 1) 43

EAEIGHYARNNN

e s

; :

f umHE - b bl mmacnn |

= | |
aERRE | |

His AR Z 0 LS 2 33 5 B2, s i
FORE R FR , IH A2 0 B35 LA AT I 2B
T, P LR B 2 SR TR 250 S o i
2 MU AE A R RO AORE T 1T %
L, A5 20 HAT WA T 285758 SR 2 i 2 RE g 4
FHs KA R, -5 MR B H b s 2 4
JEE~ ROBE VSR AR 5, 4520 DR i ) A0 DR o)
BRI BV SR o 32X S SR W 5 200 AT W Y
TR, VA B A 12 P s 2 W R S AR 22 1
T AR AR o B VR TR, A LRIVt T4 3R AR
Ik 2 0 PR 39 3, DO IR B T 0 955 e 4
22 T LR TS 8, 8 T R 0 AL P 9% 2 o

SR YRES BT B A Y — i 2
AR HRBET AR o AT DURHZ —HERRR S
TR RV TE AR R B A 5
1A B AR S TR , s AR5 Ay RO
I LB AL i A B DAL AR T o

3.2 1hRIEET : ERASRATSEERE

AE b5 Ihf 22 BRI SR R HE SR T, 9 i i
5 R B 0 P e S AR T — A AR S
XA A AR EL % DL R SAMRAE : (1) I 3
BT - B2 S0 94 i By LR B T
TP SR I 52 LG W42 98 AR, A A
AE AR BEVE T 50 B 2 A 5% 3 BL A 3 J 24 AL
il W5 LRI B R (2) WP AR
AL o 2 0 L B 0 A S e, I 2 AR 3

| b R S
L IEABEEY . REAANE T |

- EI:L-."IIII.'.ﬁP*I'I'E
TR, R e et e W

I

i

| *
| =vammm i | iz || ma || ma |

I -

)

|

g = [ =R |

* i HEHEREE DEESNN | | ¥

8 o LT A S B

H _ AR MR [| i = y - 2

= - == o] AEAMNER. RN B8 | E

e ae— . 2

n Ff o i | 3

- it bt I men | B

» WasiTd W winm L EE L ] "Wt Tl BEAN. RAaYYY | e

 um|  f — : :

A | 3
i

EARBRTRANTREAMEENCEANREARX R T HAH EEEHE, o
Els R LB EKOEESE S =BRES

Fig.5 Urban issues scattering against frequency and scale

[El6 SRR E AT = BRI SRR T AR R

{ AEERsNiE |

LA P T I

Fig.6 Frequency synergy in data-augmented-design processes

HEKR: £ H 4.

HEKR: £ H 4,



S8 Y VUL 1 LA R B BETE A AR S A e
DAL 23 19 B S 28 R, O (84 5 DU
PBEEA T BN R BRI TAE; (3) I
IR IR A+ o 2 S 5 P A TR R ) — 33
JETRASIR H AR A EL S & , ORIE LA T Y
PR BEVE FAT A EL 5 AR 5 (4) 050 B
[5) SRR - Bk 22 S04 94 5 Gy 3L T A S5 1 1) )
— Yl BB, A R A A A R SR A LS
£, T8 B S0 8 B ML B R 5 (5) B5
AR AR 2 - I 2 B 3R Y B BT AR 5T
PRI BLE 2R AL, 9 2 5L A T IRk
YZ MRIAIR IR RIBA 20078, F S HISRTT
I Y45 A TR 2 R AR R o

4 G

R I LEAE (3T A W R A T
A5 TS 4032 2 R LR BT AR i Y — T
o AR SNSRI — 7 0 A T A R
AR BV Y AT RRY R R4, 3 HH IR BT
PS8 A BURRAE , 2 R A I Y B B A, R X
A G B30 B T B, R R SR LRI 33
I Hy o B DX ) 4 B 4B BT AE S ZE R
JEE LR B S FR AR S VIR O, BT — A
ot 2 0 38 3 BV B RRAE, th AR B0 H A
A8 Y 43T BT R AE S L - I 22 B A
Ly FA DL AR AL, A7 78 I TR AE 5503 0 22 1)
SECFRIAR J5g o T 33 i B0 B B Al LA R AR I )
IS AN 2% 1 R BRI, 4 — 3 223 D P of 22
BRI DR BB BT 5% o ST, AL
1 DA B2 B 9 8 AR A ] - 2 il
TN 2247 g LS, DA 1] LA Z 4 A i
SRR N T Be, SRAF LRI B SR e 1 25 1)
T B 5 | A0 LA I 2 SR A, DA B W ) A
BT AR BV 1 A0 . B A # B
LIRS HLR RV IR A i 01 B Y T
BLAHT R B SRS T A L2 IRIK R, B
JGELA T2 B B T LR B PR 2R
PR AR R R T A AR — NN A
5 BhFATI ST HER P 200 B i £ B
B, FR B 2D A5 HAT I Btk R AR S
W, BT BRI B AN B AR e 3

SR References

(1]

[2]

(3]

(4

[5]

(6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

R, M. B AR B I AT AR BOR L
B 240, 2018 (3) :26-29.

WU Zhigiang, GAN Wei. Urban intelligent planning
technology practice in transitional period[J].
Urbanism and Architecture, 2018(3): 26-29.

BATTY M. Inventing future citiesfM]. Cambridge:
MIT Press, 2018.

BB R AR — L B ] TR A T T AR
B B A 18] B[], T EE S, 2016 (16) :21-24.
CHAI Yanwei, DUANMU Yibo. Time problem in urban
planning from the perspective of time-geography[J].
Urbanism and Architecture, 2016(16): 21-24.

7. B A B A A ik ——T A AR T A AL
AHAHELRD]. B PR A%l 2019 (1) :54-63.
SHEN Yao. Dynamic space syntax: towards the
configurational analysis of the high frequency cities[J].
Urban Planning International, 2019(1): 54-63.
BATTY M. High and low frequency cities, big data
and urban theory[M]//WILLIS K,AURIGI A.The
Routledge companion to smart cities. London:
Routledge, 2020: 51-60.

K, R BB BRI — I RERRTH
AR E BN S AN b ALK, 2015
(2) :81-87.

LONG Ying, SHEN Yao. Data Augmented
Design: urban planning and design in the new data
environment[J]. Shanghai Urban Planning Review,
2015(2): 81-87.

ALEXANDER C. A city is not a tree[M]. Portland:
Sustasis Press, 1968.

LIU Y, LIU X, GAO S, et al. Social sensing: a
new approach to understanding our socioeconomic
environments[J]. Annals of the Association of
American Geographers, 2015, 105(3): 512-530.
MICHAEL B. The new science of cities[M].
Cambridge: MIT press, 2013:13-20.

HiE, KR, R R TR BAEAL (CIM) 1B 48
WEFAL" [ AR RIEE, 2020 (6) (7578,
YANG Tao, ZHANG Yecheng, QIN Xiaoyu. City
Information Modelling (CIM) as the digital territory of
the city[J]. Beijing Planning Review, 2020(6): 75-78.
FHCEARFES E HERTHAE—F
B A WA R A T 1 I b LRI,
2018 (1) :40-43, 62.

NIU Qiang, XIA Yuan, NIU Xuerui, et al. Smart
model: the brain of smart city and its concept,
categories and function[J]. Shanghai Urban Planning
Review, 2018(1): 40-43, 62.

W LT AR R R
HKIAEZR[I]. 3T AR %7, 2021 (6) - 45-52.
ZHEN Feng, KONG Yu. An integrated "human-
technology-space" framework of smart city
planning[J]. Urban Planning Forum, 2021(6): 45-52.
K, Wb R KR R e B L = B 5 A
(TSP) #Al—— R B R b A L Ay 4 v 9], k7
#4, 2016 (16) :33-37.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BURHESRIRIH IR | 13

LONG Ying, SHEN Yao. A Time-Space-People
(TSP) model for the human focused, fine-resolution
and large-scale urban design[J]. Urbanism and
Architecture, 2016(16): 33-37.

SHUGART H H. A theory of forest dynamics:
the ecological implications of forest succession
models[M]. Caldwell: The Blackburn Press, 1984.
SONG C, QU Z, BLUMM N, et al. Limits of
predictability in human mobility[J]. Science, 2010,
327(5968): 1018-1021.

ZHONG C, BATTY M, MANLEY E, et al. Variability
in regularity: mining temporal mobility patterns in
London, Singapore and Beijing using smart-card
data[J]. PloS ONE, 2016, 11(2): e0149222.

CHENG T, ADEPEJU M. Modifiable Temporal Unit
Problem (MTUP) and its effect on space-time cluster
detection[J]. PloS ONE, 2014, 9(6): €100465.

R, B, R TR AR R
R IR T A B R AT, 2021 (1) 12633,
SHEN Yao, ZHUO Jian, WU Zhigiang. Precise
urban design toward socially sustainable urban
form[J]. Time+ Architecture, 2021(1): 26-33.
FoeB, R MTF AR T IA LS &
[9]. B Z SR, 2018 (1) :24-31.

BATTY M, SHEN Yao. Artificial intelligence in city
planning and design[J]. Time+ Architecture, 2018(1): 24-31.
B R B AT B ER R A
B[] A R, 2022, 41 (1) ::1-15.

TA Na, CHAI Yanwei. Disciplinary position and
research frontiers of behavioral geography[J].
Progress in Geography, 2022, 41(1): 1-15.

K, KB I B ESRAMTRE LB
SN RNERE R TS AR A]
R, 2021 (3) :62-65.

LONG Ying, ZHANG Enjia. Three ways to promote
urban research and practice with emerging technologies:
from the perspectives of city laboratory, new city, and
future city[J]. World Architecture, 2021(3): 62-65.
SENOUSI AM, ZHANG J, SHI W, et al. A proposed
framework for identification of indicators to model
high-frequency cities[J]. ISPRS International Journal
of Geo-Information, 2021, 10(5): 317.





