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Digital Planning Technology: Data and Knowledge
NIU Xinyi, LIN Shijia, SANG Tian, ZHANG Xiaoke

Abstract: This paper provides a systematic overview of digital planning technology,
in particular, its scope, types, frontier trends, and main obstacles viewed through a
data and knowledge-driven technological paradigm. Firstly, it distinguishes between
the two concepts of digital technology and digital planning technology. Secondly, it
summarizes two technological paradigms, driven by knowledge and data respectively,
based on an overview of the evolutionary paths of three types of digital planning
technologies: urban modeling technology, spatial-temporal big data planning technol-
ogy, and artificial intelligence planning technology. Lastly, the paper discusses fron-
tier trends in digital planning technologies from the perspectives of data and knowl-
edge. It is concluded that digital planning technologies can be understood as digital
applications in planning analysis, simulation, and decision-making throughout the
planning processes. The specific application is determined by either the data- or
knowledge-driven paradigms. While the former better supports planning analysis and
simulation, deficiencies in the latter hinder decision-making. Future digital planning
technologies are expected to be driven by both data and knowledge. The challenge
lies in the transition from data to knowledge through data-based learning, extracting
the "white-box knowledge" in planning, and allowing knowledge to drive analysis,
simulation, and decision-making in planning.

Keywords: digital planning technology; digital technology; data-driven; knowledge-

driven;technological paradigm

M2 TR, B EOR EAERZIM SR AR A S A TAE D, =i, K

Bl . N TR RESFECTHOR MR AR TAETG | 2207 . IRBEN B 2 i T
TEEERY . 3k & MU RHRRE A B T B e . BOPHOR ISR . T 10 4R R 4
AR S R R E R BI 1045 BN, BO7 2P 8o | SRS T
NIRRT 28 (8] 977 5002, s R . AN T RESE R B T & B9 5
RIS, U GR YN TR BENA A (AIGC) FORIEESUEMRIEAR ., 1)
Ay WAL B SRR BRI S e b R A A, BT HOR 203k & MLk

R R E AT R R s ) 237 SR AR PR SRR SR B R (0 [ 4 S
2022YFC3800804); MUEAEETESE 20)@ “rh BRI ML= R R IBIE" BRI Ess



HFHMR)BA—HIE L S iRt

g MEFE R OB A

AT TR B K

i 2 10 W2 2 BRI 2= BHE oG
AR F AR 1047 FLRI2ERF it
2 REE . N TR R ARG Bl 28}
PRI, 51K TR . 2010 4F
ek, Bz REAEHE ARG T K
S, XTI S IS AR T B TR
TEI AR o 2SR AR IGH e I T
Y E T NS - R 5 Y I RS R R =4
WEE . TR AR 2 AT A 2
CRA, P TR R KRBT
7, 20104 USRS, AT H e
RIS T HRIARR RO, JEH R
BRI BRG] T N MR 2 A
T, ST SCHE 201 8 4F 5 b i 4
K BRI R N T R 2k
O BRI AR B 2 A U B g
M A, WFSR IR B AN T

MHTECTEAGRIA, BRI AR
R T IIN AR R T, BRI
AF 53 R SEE 3 v A 0 AR R o AR 2 Ak
Z, (AP RECH AR BRI A 2
Tfer AP 2 JR S ok B AR T ARk AR
XL Ty AT AEAE 1 2 8 T oA T 1Y) BE 7]
AR RS, E R e T
LRI ARME ST, B S MR 50
TR % [ B8 A S 5 AR Y i
L, REMRBEEE AR, e
B AT F AR BB T AT XS, B
A S R AR T AR B AR
A

1 HFUHMBEARRERER AR

1.1 ESHFEAMHEFURIEAR
BRI BT A B B
FEL R DL S % NI S T '
AFo ARITAME HE HOR” & I
AR—E, BURH MR BRI
ZIHSCRARMAR, RikN “HARRAE
S rhis IR ARRE TR V0 R
SRS M A, T LA A 4 A
RIFFEN LA I BAR X I R i
B KA LLEER N BT EOR .
BAREISL . mIF5 . PR AR
HBRTERLIIAT W e, BB X e AR
MR E AR, LA R
W BARIUNTERL] N SRR,
B RR: s 5 ik S S5 TR

HABAT . 2R 8 BT TE I 22 50
AR AR R S s B R A SR
PG BB R

BRI LIRRCY B AR R
AR BEFAR B AR T . 1
R S B PP 2% B B TR P SR B 7 1
JEis BT B SEI AR IR A B .
BTN . J7 SRHE . I R MR
Jiti . DAL Y TR . BARAS
ARENFEBCFEAR B AL T, (HI2IK )
BOEEFOARR AR A BRI, AT
FALFRFAN . AR I 7E R Bk
VA TN EL S UT NI E S (VNI ST N
PRI SR HI) W A A% B B ow T
UK, PR RS B T
STEHABGUR 2R BRI A B
FeSto

TERFHARBIAZE, CE&FTZ
RS H A, T DA — A 5] R 0
HTHART 5 BRI ER” BSC
BefZER . 19604EH1, McHarg#iH
TEEHAHT LS TP Al
MF TE GBI, FTIHTIO0R
MWES, TWT TR &6k
McHarg Q121 “ T2 &5 5 E—
R A, IR BN — 4 AW McHarg
PRI “BOTEEE AT MR EAR A
R 2B MeHarg AL AR &
T 1960 FFAR MR GISHF 9T, A T
GISHZE B S IIRE, JRARMN GIS 1%
WA R IREZ —. GISA & A& —
it BUOFHAR”, UKE) GIS A5 S A 1R}
FRMIERR . 19804 UG, &
JEH T 5248 GIS B 4 10 + 3 iE B
AT % NI » 9L B U T & X ()
WA, BRE) GIS A+ Ml B 4B
FARBIAYE McHarg 244538 H LRI 4R}
AR, TR CHLRIEORT, HECR
B CEFEROR”, P RS R
BAACRIEAR” BT XA
RETH R, A% WRE K
PR GBI BRI X TR

1.2 HFAMRIBARR ARER
D % NN & (B U5
A, JAT AT Eer LRI BOR 9 il i
P o BRI B A AT LUR R X HL )
BRI . XL AR AR . X B
pUROE 00 e S S BN DR b

FEXFRLN . ZE . MBI b o T SeAE
I 27— AR T
Bilhn, iz F s KEE T A R 4 IX
AT, BEA G2 Wkl IX 34 B, 5
PSR TR, H R “HE
7 — T R SR g . Bildn, A
O 2 30 T IBOHRE ST it 4 2 R IR 5 3
T3 S A B S MR SR i 1R R
R GE il s ke, AR A %0
o B, WML, B
PRI 2 B, B R AR 1
SR B BRI FBCE A R A
FB ARSI, (HJE IR 3k e bR
SFE A W& R A4 . AR .
W . R R B
TRFA R R 2R AR

g T R AR B AR BB & 0
WA, DL 1990 A48 LR 3k T A A 4
AL A REERHRI A . AT RERL
Sl AR A = IR R A A B3
A [ REA T, MU AR
R AR AR I 5 & Z A
KFE,

2 WWEKRRA: MIREIHS5H
#EIKEN

2.1 21 R RUREH IR ERHE R
TR AR (urban modeling) J&
Dy LA AR AR o 72 AT 1950 448
AR 3l T AR AR W I A SR AL
AR, BT TR, i
HEEARAE 1960 A0 i, BPERLR
TS TR R R, RN T
o 8 (large scale urban model) | N i
7, PRI R AR EE M E,
L PRz A FRYEF A (rational plan-
ning) AFIC. BEMERLR B4 T 1970
AR, RN TR B 32 e
HEVFS, SR T I T A A AR T R
— HAEFARIFAAEE, 1990 4FALTT
I, GISTEETFHAR G Z A", Wit
B ARy T MR B A R AR
2022 LK, A =R AR REOR
AT R . F— R G R RS
BRL, FE21 A TERESE R s 2k
JE 1990 4 A rF 3] 1 B A 22 7 ML D) g A5 8
(rule-based model) , =%/ GIS F A A
Al HE2ETTMI A SIPL (CA) S50

19



ﬁﬁm:%"ﬂ 20244 % 241 B F 2824

MBI X =BT AR R e 24
HH AR IR ISTEA W

22 WWEEHEANMIRRE S HE
IR Zh

55— SR AT A AT e T
XA - M R A R, LR R U
banSim!"2", 1990 4F-AR J5 1% K R BE 3k i
TR AL SR R B g 5 1) TR 3
ERR LTS SRS i -2
W, EFARTER B, KRR
THARIK S R A, BRI
RVHRFHE, 123 o] 555 AR BAE A,
FHE . Al . WU B B Ry AR
fifl o KR S T B AR R R < BRAE
HIPLT BRI BREh . O A
b, 3 . PR AR A R A
AR, RUSHAZL, 0L
i, ANHEIE T L X N ZS A H R H FR A
KM

5 20 T L U g A 7 HC L R S
CUF2"HIl what if22, T B0 (5275 7=
A Z WD TRECR T PR AL
RN BUAR RTRESZ I, TR R SR w1 &
HPERI AT AT, SRR T, FERR
FEA L, TR A AT & T T K
BhIRLRIEA R A A i 3 25 R
WIwG . fa SR, BN, CUFRBERLSG
BTN SN = NGNS /T b S MR A Y o
PEAT b FH IR A3 P, BERUOR ST 7
M AR . B Hk B AR .
2T, ST EERERA “A
FEEN” BRSN, FF IR AR HE T
T BA AT RURLI] B H R BA g )
PR TR 5 8 = R R GIS Y il A 43 R T
NI

5 = RGO IR A 4G CA T A
BIHUBRIIRT ABM 22 [ S AR 4k
SRS ADUS R 7= 14 22 A9 3 S FH) 9 . A
PN AR, 45— HBE
TR . XIBERGAT R E T
BHLRFEIY CA FTABM, Mtk T4

1 WHEBERANRAEXR AR

BB IR S B ARG 20 OISR 7Y
AR T B[R] P 471 [ s B0 A A oA A6
SRR, B ) R 30 A 7 s %
PERYINGRIRL, A Re Ak AR ) £ o F)
A A, B, 200 45 B 8 8 sk e
TERIE , BEAD R Ok 50 4E 1% - Ml fdf P AR
SEON PR SIALRRA CA TR T B
KSR VL, JC A S DU R O
BRI, Hor o8 A A R B AN
JRHEL, BUMEMEAE 47 ORI, X
Bl gk HORAY IR B AE AR S <R
FHATAT
MEHRIRS . ARSI S AR
R, S ER I AR AR ) G
) o A% 20 KR I T AR TR S A il
CORFEENTR @ 0 FE TR0 (4 R A I
Bl “EFA”, OB AL T
RIS pEeGEs, WAk T R
FEAMR” (R Do YuiiT s R £
A SRy 3T A RN AL A RS2 B =, 5540
REFHE, A YA R Y
PP & . TEIe A HIN IR sk & 5
KN, YETE T AR R E R TR
L, AREA R R IR R K

3  HIEIK BN B = K E AR X
AR

31 MERHHER AR

28 KB HE AR B 24 i
1047 I 28 B AS B REAE o #L Sl v
M BT H AR, fe 19 Mobile Landscapes
T DAT- B 3% e SR 0TI 3% 2l i I
23R, H B 2 KRB I R T T
BORTEWES, I 1042k, 35 MR
I 25 KB BT B AR A AL IS
T 4 () 5 T 95 Bl =22 ) 56 &R A A
MUAEA, O PRI 23 [ 454 | X
23 (A5 . AT R . TG B
SRR ISR H AT RN SRR
28 T LRI B AR R 2 1] v i
BN G NSRSl a3 KA

Tab.1 Technological paradigm and usage of urban modeling technology

PNNER il L LT R R TRV 7
AN IR 5] SRR 5 et
i AR A e 00 L ED) GED)

20

KBAE TGS R 2 [ 3R SR (6]
SIS AR IPLEL” A 4 J5 T SR
CWHTE ST 5T AR RS,
QRN A€/ e IS AL e N S N
AKX 4 A T5 T8 Y I 23 R K &)
TR,

3.2 HRRINIEI S ZEHR

“JRINZE ] IS SN AR A SRR
238 KB F % 3T 2 I e sl st s 3
ZIEALHIR, AW RINGT G0
R S5 EILE . A2 — AR
A28 RAARAE N T 0T 1 Bl 25 SR 1Y
JEHIHE A . 4 Mobile Landscapes i H i
Tk LA G5 FCHRE 0 B I T 0 B B e 4
AREPS, NS R Bl A T R
23 B T 3T 05 s s 4 0F
A2 L s 1 Bl R A AR S
Firan, iz FH e e KER T 22 S0 A
B A TR 3k — 2 A e DA [) AT
a2 () AFAZ 4800 s iR A, 1
AR DL 23 (8] 516 2 A LEA T, X
PSR 23 KA (T 75 28 80 38 g T 080
L)

“RBERFIE s A R E R R
it s KA 1R 500 5 i S T 3 30 7 IS
B2 ] P52 R R S0 fgi) it 22 05
Feb 2 OB, DI T 136 Bl s 2 AR 4
BT D RER, 3R DB v g 1S R kT
IREMF B . %28 0] 5 76 3h ro A
FHBLER” 20 B 2 OB VRS 0 3 T
25 (6] 5 T 0 S AH AR FHARAE, VI
FEFRIBLHI AR ISH  fildn, Afi A 4
TR FEE S 5] ) RE S T R ol o 1 5
) AR 25 B, 56 TR Rl O A SR R
T HEFRIEP . kSR MBI A e T
T Bl 5 4l T 23 (0] AR BRSO UERE A 2= R
V31N SR S RN € R v N <E IR
¥E T AR S .

SN € B U B N FEA ST
BRI B ANER, BT IZHRE R,
HE A B E BB IS . BUERE
AR S R R 4 AR A=A R R
— BRI, Re RS
)5 96 B0, 1 J0T RS
TR (FR2). a8 B I o i
23] LW E MR A ) Cmi,
HEMT SRR, 33X SR 28 RAEE AL
AR AT Z—.



HFHMR)BA—HIE L S iRt

g MEFE R OB A

4 ANITEBEMREA: MIREE
SHEKz

41 HIRERHHNERRFGHEA

N TR R IR AR B FH A .
ANTHEBEHE KR EELERRAL
(ES), WHAAEFMIAMRLE (KBS).
1980 4FRi G, £ M4 HRR LR A
Goni A, SRR U A A, B
AN T e R B R h i B AE 1980 45
&, Fie™, LESRI, BAEATR
G, LT XA (zoning) HIEZRK
RGP HT AR R RGNS, R
19804 AR, T EM I RO AR R
Wi LR R, BEHGEORERT
1989 4F A FI I (150 45 B L R R SR8 5C
2 T TR 2 A AT — R85
X5 EPR BRI RS,

LR RGeS R B ARE 175 B
PRI EAR . R SR AR I
ok, ESZERPE, CRERRS S T
PNk, PLERRAERN S T, &
KEAG AT WA FR IR Bh R,
HOCHE R R AR AR A R T MY |
AT IIEHLZS B “if—then” RN, 41
BURE R AR IR . RGN
“if—then” HELIFECH PO

LRRGEMUNFEA B TRZH
MEPT, 1990 4R, =R —FUA AW
AME SRR T MR8 S — A HfE
VBRI, e R A 0 R S o
SRR . BRI LR | HELLR
BURTF &SRR & R ARG R KB,
TR R R AR B R P 1 . 5
ASMESURARRRTR, B L R
FRIINA AT R TS
EERRERIE N “if—then” 1, FHHZ M
FIWEE A . AIIEIE . AR =R
PO LRI LA 2 3K A 785 Wi 8 L)
XS 1990 AF A7 BRI =B g L T8 e
WREE IS | SRR

4.2 HEERFBMIBFFEIIEAR

2010 FFARIRALER 4 B, ki
T AT RRR N —W AW . 20104E )5
Wy, Plgsse I ik A TIRm R, =4
B SR M T N T8 BRI A 19 FE 5,
HLAS 2% 2 R PR AR I, i 2 K
WA “HdR e, kblsE A C

RN, B 2T S0 FR e 7 )
W, e, LS 2] 0 AR A
T RR NSRRI . ARETE R, A
PUME AP IR, MELLFR IR AR . 53—
16, MLES 22 o st R EdE, R
BAE UL B . KRB Lok
THLAS 2 R TR, X UE AL
2] N T REXL T RBAEH Z 5 1
JRA o B 2 B A& A O B
PIBATE

LT > MBS R AT, 1T
i T R PP T L R LR LY
JHIEP, RS i SOPTEA E 5E 4 o
BRI SRR A, A R AR
YLk, IR REITH . HLdRF > E ik
FHF FA0 I 6 AR i B 4 70 R e,
PG, 38 A X 4k T T O 2% DR A T 2
>, B4Res 8 b kS Dy s XL
Rl — AR R E B, T
PRI, (H AR R R — IS
IR, HRT—ZENE A0

2023 4F N T8 BN A A A AIGC &
GG, AIGCYW M TR . ARIE
AR Z LA ST EOR, AT AL
s S BRI —FIE R EE AR
PREARIBLRE -, ARSI ZRF0I0 Lol JAsis
HETT TRl 4t o AR A
T b AR R R g B A Rl MR 455
K, LRETE R SR . EUR S LR
WA g . OREMRRF AT
RERLRIF AR .

43 M "HEREMIR” #EINRALIE
REM KA

DL Bl 57 g Bk f T
BREMAIHEAR o AR R A TR REM

F2 HERHEMAYEAHEAEXR g

RIEARR G ] . ARG RRGR M
WK By, JET CHAERIR 8, H
SERUI RIS o IR AE . Y HTAL
freE A HIEOAR, 1EALE A 2 K
AR, ARG R
FHR” o ONBMERSEIERA, B
FEALE A A RSS2, X
JERUE R HRAY . BV R R UK E)
OPNNE = 511578 E s NP S 2 S| VAT
YRR, JCARR “PRARRIR,

BN T E LA B2 A it rh L4
N T RERLRI AT i T HITR K ) (9 12
ARFEA, MIHLE T R AR T R R
SREARTE . TEIR R RITREK Bk 2
POk, HETA TR MR Z T
MM g, X LA R R SR AR Y 7 SR
(£3). MARARSEIERE TATH
REAL I H A AE LLSE IR E) , L AREAL
SERARIRS, ORI o R

R, MRS RERE S AE “RAR A
W Z k.

Peng S WAL 5 AL Z [B]5C AR 1Y
PRI T 4B B, BB BE 1 AL
HBhAY (Al-assisted) . B2 ATHE 55
(Al-augmented) . BrEc3 AL HZIR (Al-
automated) . BB 4 Al H F & (Al-
automatized) . Tl SCHE RN T 1 1 H 5)
A R SR R TR BE 3, AT M
Fbr . ALZE D758 0 4 B BOsT
R ATRZL LR TR R B BL AR A Bt
NHEBRAERLRN Z 51, TR R R 202 A
NS S . N “Ei SRR
PN TR B AR, BBE T4
H PR AL O WL, B LA G
AR Sh R 2 HA IR S,
ML A 1N “BAERIRT

Tab.2 Technological paradigm and usage of spatial—temporal big data planning technology

A R S | AR AE S | RBUER TSI | RS SR A
ZE G ISk FEFIPLEL
ARG i gR 5) i gR 5) i 3R 5) i IR S)
g ST CIHTIE) 3BT PRI ST (RRBEIE) ST (RS
F3 AIZHAUBERHEREXRRAE
Tab.3 Technological paradigm and usage of artificial intelligence planning technology
LR FRYES/KBS HLEE2E S ML
HARTE AR ) LSS
g IIHT R

21



ﬁﬁm:%"ﬂ 20244 % 241 B F 2824

5 “ME#HEIIFHIR”: BFHRAK
RARNRZSHkE

5.1 HIRIREN S ¥R E)

SRR R Bl B A AR AR R 2
PRSI HT . B0 SR, T2
C AL 2 B R S Sl o
FER RES TR - s 22 B R L
BB N R LR RGP, M
2 RHR LONE 2 B 7R R
AR, Bl A A, B
FRIORE B, SEorpr . B
PRI o

808 3 B0 14 5 AR A A 8 A
b, B R, EAeATEC MM
SUE S S SIAWE S €T 67 £ % U
R P SO P2 AL R )RR |
S R R AEHIPLEE,  Ani 28 KR AL
RIHA ;B2 IBE I ZRRER, DI R
BEATHLRI B BB TR, npLaRer
TR

SRR 5l 5T ML A RHRRR &
JE AL A RHE A AT 2E IRk s
SERUTF AR R, B IR Sl A A
R ARETF ARG RN RS 5 A
BB ARIE A . B R B AT R /Y
S8 9K Sh HLI B A K i BEHE Bl T R
AREJE, v TARZ R LR N L)

RO EEATELE, BE I A B 3R 50
B AT E 2 AT R AL AR
71 b7 8

5.2 mMiR: 8. kHE. B

“HA RS S R IR,
XA E SCARTE A T AR S R Z Y
K F o Il = e AR AR AR
#E, FARR AR R RER: =24 R HR X
ok, RZHFAME AR TIE N
SRR IR R AR < RAR IR
LT RN AR L R R G, AR
A AERRUE AR, R
TRAG; TETCHE A ShHLEL R AR LA 2
STRRIEAR T, MURRAE, WE 1,

“HAER” B EAE, A
PRI AR SRR AR O
B, MRSFR CEARER Y
o AR AR ORI iR Rk, ]
BRI . BRSY  RH0E BRI R

22

o e
A ::> S |:{> Lfee)
THEN % il X

SRR LR ZSE (ES, KBS)

R PETROR

-

i

|:{>5§i..+..

JGH A SHUASIEEA s BLERE ) B A

B 1 HFUAMEAREEMIR, KE
R, BAEFIR
Fig.1 White-box knowledge, gray-box knowledge,
and black-box knowledge of digital planning
technology

RN AR BRALN
P e S VREATT, XA ARME S iy AL
A SRR E I . XA AR S)
E AL

S0 9K 2l B4 A B A [l i T IR
WORRR IR, (AR T A
FIR” o MLARA T N TR RERLRI B A
A BARPLER A N RE AL R 4
VR ART SR EE R, (HXT AR
BESRTITEALEY “IRARRIL, Bk~ iy
CRRFERRT — R . MR BE
R AR CRAERRT Z b, U
R e SR SR TO R S AR R AR
Wb R R I B PR RE
B SRR b . B g, (HAfE
PASZHF USRI A A

53 HFUMUBATERR “NEiE
BFIR” HIREE

TER A AR B AR o i
PRHTES, v TR AR
BB B, BRSRTR AL T, tdibk
FE T BRI TR S H AR A 3
PEo AR PRI A HE A B E 22 F
FAT, ALGE MBI BRI S PSR A 7
TEWL A, R IRsh 4 4
THTRRIEAR, HFERER T R
W T X AR B Sl i L B AR
RERLF T T . BT, i AL
AR, PO CRRARRT T
PSR SFATAE HER AL

PRI I LI AR IR R R 2

BHIAER . B SO R o
i, BERRIE AR AR T B
AL E SR )" AR, A
RO LR “BAMUY . WRGEE
it DR B T it — 2P 2 ) B A
W, o AL S R B, AR
PRI, B2ig A AR
HEATRRR Ay BT . B4, PSR, W T
AL EAREBNEARER, BT BE
AR EOK )", Sl EL g AL
PEEVER, SRR RIS K £
CERE T, BNEIET A A
HR AR AR IR SRR 4
Br. B, RS

NEE AT RUEs TN EE- P €y P
PULREIRE)” AR e M
BE R AR, B B Hh 2 2
B, SR T B PR
T, AIGCRRARAIC 28 s 1 HW H
MR S o A 3 RS 78 e JIR R )
SRR PRI L SIS M R,
FE IR A Rl AR, KR
4Rk HR B 2 B B R AR ol
KB, TR, X —
AR e DR 2
B—Fh T AS, (EASRHER.

6 HRTRE

ARSCRGE T AR B ARAME A
T, MECHE SR 4E s &, Hise
AR B A A E AR,
T ECE AR AR BRI ATV RO
R LT 4 54518

B, PO THCEARIE AR,
B X 50 T ACE AR AR T E B
AL F AR RS 1 BUR Hr . E
L STNINYE S VN S 7 N b U
it R W T PEA 45 B B v PR
ARG, AR AR R FH T . A
P PURAE =2k .

S BRI AR B R LA R
BAEIR S . HBR S A AR,
TR B 114 B AR 2R A [ A Y
B 3R 3l (1 B AR R B R Bl AT
R B IREh . NIRRT
UE T EE AR A 1 R 2R

S5, AT TR PR g %K
AR KN A Froe il . Bl gk s+



HFHMR)BA—HIE L S iRt

g MEFE R OB A

ARFE A BEBAF L SRR 73 B
B, EH CRARANRT SR R L]
ToHe. MR A SRR E TR
YR B AN AR IBCR RIR R 35
ST, DAL PR A BT A BoR
SEME LA b Hb T S PSR 3

0, HCeE AR B AR AR
Em BRI S, o
FORfRTR “MBAE RN, s R
ARMEE it — 2027 2] | R LR A
Bt CEAMARRT, s AT S
R IHT . B, SR

s R B BAT S 5 A
RIFA . TR MRS, IFA
& 6OAFR] “HRERR” AOELER . R
ARKRM T N EHE BRI e
BCF AR AATHE e LU e i
RS R UE s % Sl - PRYN L Ui
(9, ATEREACAR IR, AT~
FHAS SRR 1Y

xR

®© saiFa (S FRAHE (Cambridge
Academic Content Dictionary) ) [£1#FK
i AL (Cambridge University Press) ,
2017 S R] s AR (technology) — 734
0y R A

method by which science is used for

“Technology is a particular

practical purposes.”

@ E1970FRA BRI G PFIF, KR
JER AR AL AL L) Ky Sty BT,
Jo R R REIR AR 5 )5 ok b ILAY TR
BFAL, MEF T FAA ) e arAa ik,
KRESR T A & o T A A fin 8y
AR

S 3k

[1] WHITE G, ZINK A, CODECA L, et al.
A digital twin smart city for citizen feed-
back[]]. Cities, 2021, 110: 103064.

[2] SILVENNOINEN H, KULIGA S, HER-
THOGS P. et al. Effects of Gehl’s urban
design guidelines on walkability: a virtual
reality experiment in Singaporean public
housing estates[]]. Environment and Plan-
ning B: Urban Analytics and City Science,
2022, 49(9): 2409—-2428.

3] E& S, RAOA A TRIFRTH K
= 7R YR T BRI LR AR AE )] ST ALK,

[10]

[11]

(12]

[13]

[14]

[17]

2021, 45(11): 43-53.

MRE, AR, I, F AP A TAT REAR
IR IR R MR kIR R A T AR
AL A KMIE] T AKX, 2021, 45
(3): 46—56.

FEE, AR IR AL LAY
FACIR T R R )T M BRI T
A A AI]]. R TR T, 2021(4): 10—
17.

AL B, AR L R AR B P ey B
KEHE: BARIRSE AR BL AT EAH
[J]. 3ATHLR] 2], 2022(6): 50-57.

FEB AL AR B IRTALRI[)]. iR
S, 2018(1): 6-11.

KOUTRA S, IOAKIMIDIS C S. Unveil-

>

ing the potential of machine learning appli-
cations in urban planning challenges|]J].
Land, 2022, 12(1): 83.

&R, HIE, JHE, FADRT: 2ith
B R[], s K] F A, 2022(5): 17—
23.

F LA BT A B RIM]. WAL, #F.
R KK B, 2020.

CARVER S ]. Integrating multi—criteria
evaluation with geographical information
systems[J]. International Journal of Geo-
graphical Information System, 1991, 5(3):
321-339.

MALCZEWSKI ]J. GIS—based land—use
suitability analysis: a critical overview[]].
Progress in Planning, 2004, 62(1): 3—65.
KONTOKOSTA C E, FREEMAN L,
LAI Y. Up—and—coming or down—and—
out? social media popularity as an indicator
of neighborhood change[J]. Journal of
Planning Education and Research, 2021:
0739456X21998445.

KIKUCHI H, EMBERGER G, ISHIDA
H. et al. Dynamic simulations of compact
city development to counter future popula-
tion decline[]]. Cities, 2022, 127: 103753.
FANG Z, JIN'Y, YANG T. Incorporating
planning intelligence into deep learning: a
planning support tool for street network
design[]]. Journal of Urban Technology,
2022, 29(2): 99—114.

LEE D B. Retrospective on large—scale ur-
ban models[]]. Journal of the American
Planning Association, 1994, 60(1): 35—40.
WEGENER M. Operational urban mod-
els state of the art[]]. Journal of the Ameri-
can Planning Association, 1994, 60(1): 17—
29.

[18] KLOSTERMAN R E. Large—scale urban
models retrospect and prospect[J]. Journal
of the American Planning Association,
1994, 60(1): 3—6.

[19] WADDELL P A. Behavioral simulation
model for metropolitan policy analysis and
planning: residential location and housing
market components of urbansim[J]. Envi-
ronment and Planning B: Planning and De-
sign, 2000, 27(2): 247-263.

[20] KAKARAPARTHI S K, KOCKELMAN
K M. Application of urbansim to the Aus-
tin, Texas, region: integrated—model fore-
casts for the year 2030(J]. Journal of Urban
Planning and Development, 2011, 137(3):
238—247.

[21] LANDIS J D. The California urban futures
model: a new generation of metropolitan
simulation models[J]. Environment and
Planning B: Planning and Design, 1994, 21
(4): 399—420.

[22] KLOSTERMAN R E. The what if? col-
laborative planning support system[J]. En-
vironment and Planning B: Planning and
Design, 1999, 26(3): 393—408.

[23] PETTIT C, BIERMANN S, PELIZARO
C. etal. A data—driven approach to explor-
ing future land use and transport scenarios:
the online what if? tool[J]. Journal of Ur-
ban Technology,2020, 27(2): 21—44.

[24] LANDIS J D. Imagining land use futures:
applying the California urban futures model
|J], Journal of the American Planning Asso-
ciation, 1995, 61(4), 438—457.

[25] COUCLELIS H. From cellular automata
to urban models: new principles for model
development and implementation[J]. Envi-
ronment and Planning B: Planning and De-
sign, 1997, 24(2): 165—174.

[26] BENENSON I. Multi—agent simulations
of residential dynamics in the city[J]. Com-
puters, Environment and Urban Systems,
1998, 22(1): 25—42.

[27] CLARKE K C, GAYDOS L J. Loose—
coupling a cellular automaton model and
GIS: long—term urban growth prediction
for San Francisco and Washington/Balti-
more(]]. International Journal of Geo-
graphical Information Science, 1998, 12(7):
699—714.

[28] RATTI C, FRENCHMAN D, PULSEL-
LI R M, et al. Mobile landscapes: using lo-

cation data from cell phones for urban anal-

23



ﬁﬁM%—‘?J 2024 %20 %

24

[29]

[30]

(31]

[32]

[33]

[34]

24

ysis[J]. Environment and Planning B: Plan-
ning and Design, 2006, 33(5): 727—-748.
BWAMBALE A, CHOUDHURY C F,
HESS S. Modelling trip generation using
mobile phone data: a latent demographics
approach[]]. Journal of Transport Geogra-
phy,2019, 76: 276—286.

ZHANGY T,LIQ Q, TU W, et al. Func-
tional urban land use recognition integrat-
ing multi—source geospatial data and cross—
correlations[]]. Computers, Environment
and Urban Systems, 2019, 78: 101374.
VAN MEETEREN M, POORTHUIS A.
Christaller and “big data”: recalibrating
central place theory via the geoweb|J]. Ur-
ban Geography, 2018,39(1):122—148.
ORTOLANO L, PERMAN C D. A plan-
ner’s introduction to expert systems(J].
Journal of the American Planning Associa-
tion, 1987, 53(1): 98—103.

KIM T ], WIGGINS L L, Wright ] R. Ex-
pert systems: applications to urban planning
[M]. New York, NY: Springer New York,
1990.

DAVIS ] R, GRANT I W. ADAPT: A
knowledge—based decision support system
for producing zoning schemes[J]. Environ-

ment and Planning B: Planning and De-

[35]

[36]

[37]

38]

[39]

[40]

[41]

sign, 1987, 14(1):53—-66.

FINDIKAKI I. SISES: an expert system for
site selection[M]//Expert systems: applica-
tions to urban planning. New York, NY:
Springer New York, 1990.

MRk 4], & &b, RAA F RN
B AR A A s B KRR 4
M A E BRI, 1989, 6(2): 1-10.

HAN S Y, KIM T J. Can expert systems
help with planning? [J]. Journal of the
American Planning Association, 1989, 55
(3): 296—308.
RUBENSTEIN-MONTANO B. A sur-
vey of knowledge—based information sys-
tems for urban planning: moving towards
knowledge management[J]]. Computers,
Environment and Urban Systems, 2000, 24
(3): 155—172.

oHFL R A, KRR, AR R L B
T A S UM e 2% A AR A AT AT
PR KB SR IARZR[]]. B FRIR
THLK],2019, 34(1): 18—27.

MRS, KB ATAT AR TR AR
RE#ZB R L X RXIE L[] B R
WA KR, 2021, 36(2): 7-15.

HIE, X &R, EAME, F . AIGCHIBIM T
P A AR A []]. IR T LR A,
2023(2): 12—18.

[42] PENG Z R, LU K F, LIU Y. et al. The

pathway of urban planning Al: from plan-
ning support to plan—making|J]. Journal of
Planning Education and Research, 2023:
0739456X231180568.

f&E: 2024-02



