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The Interactively Generative Planning and Governance Empowered by Digital Twins
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Abstract Since the 21st century, digital twins have entered the field of urban planning and governance, accelerating the process of
urban perception and problem feedback, and forming a new interactive mechanism among time, space and people. This paper
argues that the digital twin city faces the challenge of the complexity of the city. In order to meet this challenge, it redefines
space from the point of view of human-centered immersive participatory, addressing the multi-dimensional extensions of the
spaces, and establishing the spatial expression model of digital twin city and its calculation logic of upgrading and reducing
dimensionality based on the model of spatial manifold. Then this paper discusses the interactively generative planning model
empowered by digital twins. Taking people as main actors and adopting the parametric design of digital twins, it continuously
adjusts real-time feedback of various planning parameters of the city, and thus builds an evolving digital twins' planning and

governance system and its inherent policies.
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Fig.l Development and interactive characteristics of digital twins' technology

HAHKR: E# H %,



6 | BFTEEHT

I I 1] P 208 TG S B S R R A 0L, T e % I
53 538 B, PRI XA 52 2% R GEARMEAS AL 41,
FFFRM o

b #2011 20804F AR DA K [ Fr 22 R LR
B AR E IR, W R 5T S AR
UATIAR Bl I 4 k2 3 0 R 28 T FRIE AL
A ST BB R T Y A 4
P o FLZE19604AX,, 1 1A 46 ikt R R iR R
TR A B R B AL 2 B, BB R A
Martin Centre!" "t 5 “% s EREE” HrfEH
KBRS RS 3 & R (urban grid) J&
BRI KR EI% (engine) 7 X BLAX
PRVE T 38 55 o 0 kA K B B, T
HAHH T 38 3 WAy 25 1) R G0 AR 2
I SE It X AL R AR T D - 55 ML R, 6
WAIRAEV IS BRI ER (BE=EN) A
7 REM BN T R A A B S el , H
YR T A5 R PR 2 5 s i, R 4
B A REAA RN P B B R R T R A -
Christopher Alexander™, Bill Hillier!'?,
Michael Batty ™4 — B #¢ 34 JF WU 24 &
G5 o J) - A Y ) A, B ) 8 R AT A
BE AL I G 42 T A 0bk G 6 T i 0 £ e ek
R

AR R T 0 AR EOR IR A P22 5, {5
HRIC— 11 3 1 T v v (g SR S 7 2 )
HEAT TR 3RIE , DA L9 i B2 3R ol Jm 4 2 ] g 1
F Al , TR R R TG D % 4 2R ALY
R T YT 5% KRR IR AR T R A
JZE AR AR, MR A R R RS A
WHEZHD AT NTH ALZIXFE T
Sk SH e i e AR A R T IR R 4 R
IMPAAEHEIEZE R, TR T ik vi7 4 b g e
X, HEW T RE SR EHM BHA A
A AL o 1 R Batty o, T B &
B2 RO MBS I T Ak R G
AL ISR 53 5 AL A AR AL S 2 AL o

ST, YT RGBT N BN
TE R G R A B AT 3 i AR A AR
FFATE BRI R — M E RN ET
N HAEES IR 4% AL S AR kAR S ik PR

Qi AN IR FR AR ST 5 25 2 1 A 5 i 3
B A B RO R M E 2, AR
A2 5 BT 25 1] W 2 (O HEAA A S 0 2
AR SRR 2 — o S BR b, IX U T PSS
SRR ML, KB LT e S5 f
HACAYIRAE Z A g i NB A, IFAA A
SRR AT A A K A5 R R R AE i AN
RN AR B8 A LA AL, FE AN ) Ml AN TR
BT I~ AN [ N 45 ) R, S R A3 i
SRR 07 G AR A B 2R A
R B s B gt T MBI R 48 TR, g 73X
i N5 N Z IR 2P B2l , A5 o] AR AL H B
KA 2 5 ABAR S 2 AR Br  A, kX
P SO TR Y T LR 5 9 B o

TEXF BN 253N 255K AR i 201
o Zp e, SRR T BRI 45 36 B 2 A5
A o X T4 SRR 2 5 WA T A K A
st H A b B A RS, 28 A |
T T HEE 0 T — B BE A NS R 2 5k
BAT g, AT A5l 285 0 ) B0 5 PR 10 30 1y 7 5
TH AR 5 36 B2 A A W A 5, AR B S
AT R U AR o PRI T, S0 A i o A o
# “BURIBEGIL, I RIS R G R, 12
W5 FT A O UE S S 0, A 7 2 BT
PEIATENTT S RATE IR, B A
L IER T RLR) SR B A A B Ak 3, ik
BOFR A TR S 6 B A R Y R,
Pk 22 A A5 B o (%38 % %07
L Zl {438 5 T AT W 03, WY LS N R R AR
SR 2 T G TE IR Ao, X872 A b
R B R A N e DR EX R ]
NS e U R S PN
FAdT AR 2R A i T Gk

3 MERE5AMEEFERX

BRI T5 5 09 A B, N2 5 B 22 )
e SER MR , HMPAT 5 A2 ot
BT — el 55, i 2 (RN 1K B 34
20 J3E P 5 2 AW L B 2 )5 G 72 1) ) 4% F
W, 23 1 2 1) A5 b 2 A KA 91
2 1), R ¥ g RS /N 28 o BAAE19

42 2%, Bernhard Riemannil iy, %4114
17 e L AR 2 AU JUAR R3], T 22 )
W T BT A A R AR R LA 22
I AR T A5, AT A T Y S R o
MACSE A2 g 5 S B 28 I AS R A =2 1]
A L % L 35 AT S 10 T 5 T 1 ) e 2 1) K
(=4 2R) s WAL ) 3 b, AT Rk
BB Z Y RROL AR W o X AR S5 A
AR 23 1B A 8, EECRT SR8 T LA 28 ), IV
TR AT g 5 26 BE R R, WA PAT 4
KA 2 WA, Riemannd i T 4k BK L AT
B, K X B A LA 25 ) 5 SUHEAT 48
— o M2, Riemannf i i JE (manifold)
A 5 B3 B B L LA LA R AE Y 4 b
22 )0 3% 86 J5) S K I 4% 1) 3 A 3 25 P PR AG
R A b A Sy 2 B (R LA 22 ] S B L
Riemannih g JU{af 25 i) 2 £ JUAE b &2, RIARL 4R
=AM 22 2 ) b — A 25 ) 22 TR
FEAEFESEI I I8 , MR T S s B WU TE
HA SR R, T TER -

MNFEZ TR Iz 2 R A, AR LA 23 1)
R BATERAL T X 2 TR R A, FATN FARA
JUART 23 1] ¥ DA 60 S P AR 0 B 25 24 1 2 W) ik
O\ oMl , HUER I B ERAAEAS TR “BR” N
S YRR RS R AR LR, TR IR A 4k
TAHE & o AT b, FATTAS TN S5 A 0 R 26
B ILM ], TR IR 25 2 U = %
TARZE 28 1R Y ZESRAE W 5 2, RATAR I =
T Py o 23 25 A S0 JLART 2% W o 451 B, FRATI AHE 25 1)
T E, MNARRRRATS (WE2), %
A DI FR 0 TR 2 X RR B, W
“Hl 5 R R R G R7BIE 5 B IR
AL/ R om” 2245 5 s T 1) w5
M, REH “G"WR” M B2,
w3 % 0 I A R T R R B 1 S TR A4, B
TSR AR 20 T B S B G 22 R B 2R
FYBR A, IX BRI B 23 TR I B A 56 R, B AL
PR A SR 23 ) B S Ak B X AN A o
2 B A B FAT R 05 3, Xk 7 & AR
1953 JB 50, M B A PR R R V4

T8 2, 5 I3 17 30 2% ) v AT A Y A R



Ao BN RRAE BT B, 5 S
AR IR 2 P i 2 A — o ARS8 R IE R
A0 DA% b, 2 ] A SR R S0 5B S AR T
TP AR 5 AR e e A R R T
JLE 02 I e G 25 e 2 R 2 A
ASARRRIGL, LA YL, XT84k A ] 5
b g 1 8 B A AR, I 4 b e %
K 2 TR0 B AR 5 5 R T A G, JE L B
Be”, R T2. 3425 1A (WIEI3) AR 4, 72 S5 55
PR i, B MR A T B, E
=225 XK R TR A 2] - 2 1l B BFSEIE
WU SRR G A HLRIR B T R
215 XA J7 , BUAAFE LA T 1 %
AR FE SRR I T 9T 73 XIS o IX A

T NSk 25 3] 5 R R b i —Fh a2 A
G, AR A IR 2 5 A 2 R
{ERiemanni H i TEWE & 2 /i , BEAE it
HE AR T m I W ML, BiMannig-
faltigkeit. 1x 3 7 HH A% 2 44 1 B ¢ — A, o
mannig KRR %, fallighnyid, keitkm
PRI ARG — P E W o M B 5 4R
A HRZ BN E R SR F RN X
2 H SR I TR R A SRR T S R
BV 3o N\ B S BT AR A B 52 S R I 8 3
SO GX IR T B R fAE, W
WIERT “I%” A B N\ A
STV AR — 1 o B 6 R WA AR - LV 6 &
HR A HDRS o BT S8 1Y, B 2 0 A Bt 5

\m
Rif18) 2 §F

E2 AN AMTEMAREFZ=ENGEE

Fig.2 Viewing the direction of space from the perspective of individual walking patterns
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Fig.3 Types of street networks in different dimensions from a participatory perspective
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Fig.4 Digital twins: metaurban system of artificial
evolution system
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planning mode

KHFR-E#0%,

BFFEHT | 9

1756 H ST o Jl PORAAG SRR HAR =S
I A A DL, 3456 2 BRI T SR B2 T b
R, RIGZAIRIT B 5 OB B i,
TR IR AS o Wi 2 A% S 5 1 F A AR T
P R PR B e B LR B A
BiH W (WLE6) o il B IR IEAR, P A
B A B by R 2 B BUR 5 28 T A R B
R AL T o

BHRF 3 A H HL R, I 2R R T RS
B, w4 H A AR = AR (LT, S
X AR SR LR 5 v 2% R B AR A Al
W AT = AEROCR, T % £ AR M2 B A
W0, JRTHAE B, A F T B AR il
52 T7 MNET7 S0 vt B SR vl 4 30 24 Ak
S5 XM e R R BALE A S, TG
BOR PTG 55K

FL R, SR ol S B P 28 B o I AR
JRG P e, X 2 ) M A S N DS B0
MESEEAT WG, 45 B AT P TE T A, T A
% YEVPAG I RS, DLRGE 33 50 H 45 B i B
bk BVt A AF 20 T SRR T7 PP
SEA B OB R IF B TR T SR A A
PR BB, b R A R 7 S B = kR R
Y SCA B AR 5 1 SUURE Y Tl 5 45 0 S5 B A
Huh Bl b R OR Y R BARIX LT B DA
By “A_EWR” 605 S e Mg B, (Ll
YR B B R MR B AR AL
fE SR “AFWE” r R b
A8 SR XA, DARESR R XA 1)
A F5 /BT G 4 RSB 0 Aol i
NS AFERR S5 B0 SRS BAL POISE R H:
A7 5 M UL I T B SRR i £, et S R T
S EE RS I GRS T R, AR =
A FWIR B N5 Y BB A AT SR A
FEiitlh, I HAERR E 53 J2 7 A B AT DAEERE A
PR S B, AR SRS 20 AL BRI, F o

7 YiE

B 2R YR W% O R S LB, FE LB
WA AL SE R T R R R R
AR F MR T 38 AT TR I R A A



10 | ®FFEEHT

maasEn

Ele MEZEHEH
Fig.6 Budget fund calculation

prreey

e i

E7 SRR

Fig.7 Consultation on planning and design conditions

SRR M T EHE (CIM) E#-F £,

WA RR AT B I I, NAE AR A5 M AR
T e A A 05 SRR AR A, AR B
SRR BEEAL ZTCAUI S I B R GERR
ik o [R o, 3 el 7 o P AR5 200 R 58 25 # F 2A
RI7 e BB BSER, ii Bew Ak T3 200w
b SER AT B, B X S A% 2R 45 v vl A B
) PRRIG” A RBRAT PR B, ASOA
BT AR IR B4R, AR 2 2
P BRI SOAR AT Bk s ] o 2%, 3 i 0 2R A
WLTE 25 W) B 2 B B3l , SCHER 2 AH 56 05 A by
BN I R T B 5 B 4T S 5L TE A
% I 2% ELEl RS AR B A2 R DA REREY
T b 7 - 63 g S48 B0 AL R i Bl RS, HHE 2 5%
PRI BB B % I WL 5 YR TR R “ELE)
ARG AR B BT BB

SR References

[1] JACOBS J. The death and life of great American
citiesfM]. New York: Random House, 1961.

[2] MUMFORD L. The city in history: its origins, its
transformations, and its prospects[M]. New York:
Houghton Miffin Harcourt, 1961.

[3] ALEXANDER C. A city is not a tree[J]. Architectural
Forum, 1965, 122(1-2): 58-61.

[4] BATTY M. New ways of looking at cities[J].

[3]

(6]

(7

[8]

[9]

[10]

(1]

[12

[13]

[14]

Nature, 1995, 6550(377): 574.

HOPKINS L D. Urban development: the logic of
making plans[M]. Washington, D. C: Island Press,
2001.

SHAFTO M, CONROY M, DOYLE R, et al. Model-
ing, simulation, information technology & processing
roadmap[J]. National Aeronautics and Space
Administration, 2012, 32: 1-38.

GRIEVES M, VICKERS J. Digital twin:
mitigating unpredictable, undesirable emergent
behavior in complex systems[M]//KAHLEN 1J,
FLUMERFELT S, ALVES A. Transdisciplinary
perspectives on complex systems. New York:
Springer, 2017: 85-113.

FEMNEF o BRBFFERTHESS A
B Z[EB/OL]. (2021-03-23) [2022-08-20]. https://
m.thepaper.cn/baijiahao 11852264.

Chinese Society for Geodesy Photogrammetry
and Cartography. Logic and innovative thinking
on the construction of digital twin city[EB/OL].
(2021-03-23) [2022-08-20]. https://m.thepaper.cn/
baijiahao 11852264.

HALL P. Cities of tomorrow[M]. London: Basil
Blackwell, 1998.

MARTIN L, MARCH L. Urban space and struc-
tures[M]. London: Cambridge University Press,
1972.

ALEXANDER C, ISHIKAWA S, SILVERSTEIN
M, et al. A pattern language: towns, buildings,
construction[M]. New York: Oxford University
Press, 1977.

HILLIER B. Space is the machine[M]. Cambridge:
Cambridge University Press, 1996.

BATTY M. The new science of cities[M].
Cambridge, MA: The MIT Press, 2013.

BAK, 4 B Riemannii /5 2 0 DL &
U 4 A TE iy B 52 o LT 7 R IM. b AR
R Tl R Rk, 2021

FENG Chengtian, YU Yangzheng. Riemannian

HARFIR: AN T T M5 BER (CIM) #a#F 6.

[15]

[16]

[17]

[18]

[19]

[20]

manifolds differential forms, and fiber bundle
theory: geometrical methods in physics[M].
Harbin: Harbin Institute of Technology Press,
2021.

AiE. — R A X 8 = ] B B R AL
X, 2015, 30 (3) :43-52.

YANG Tao. A spatial theory of urban parts[J].
Urban Planning International, 2015, 30(3): 43-52.

KANT I. Kritik der reinen Vernunft{M]. Hamburg:
Felix Meiner Berlag, 1998.

PR B AR E IR IR A
RN FEAZFEEH FE, 2016 (2)
237-257.

HU Saier, SHAN Bin. Basic research on the
phenomenological origin of natural spatiality[J].
The Phenomenological and Philosophical
Research in China, 2016(2): 237-257.

KLEIN F. Gesammelte Mathematishce Abhand-
ingen Erster Band[M]. Berlin:Verlag von Julius
Springer, 1921.

DUBITZKY W, WOLKENHAUER O, CHO K H,
et al. Encyclopedia of systems biology[M]. New
York: Springer, 2013.

Wi R ARAGNATHRTEEHEA
(CIM) EA[I]. KM T #I5EE, 2022,
10 (10) :8-13.

YANG Tao, SHAN Feng. Construction of City
Information Model (CIM) from the perspective of
complex systems[J]. Future City Studies, 2022,
10(10): 8-13.



