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Abstract This research aimed to develop the district unit plan simulation using procedural modeling
based on shape grammar. For this, Esri's CityEngine 2020.0 was selected as a main development tool,
and Inside Commercial Area in Bangi-dong, Songpa-gu, Seoul as the research site where about 25% of
the total area was developed over the past five years. Specifically, the research developed the simulation
through the following three phases of Data-Information-Knowledge after selecting necessary parameters.
In the Data phase, 2 and 3 dimensional data were obtained by utilizing data sharing platforms. In the
next Information phase, the acquired data were generated into various procedural models according to
the shape grammar, and the 2D and 3D layers were then integrated using relevant applications. In the
final Knowledge phase, three-dimensional spatial analysis and storytelling contents were produced based
on the integrated layer. As a result, the research suggests the following three implications for the
simulation development. First, data accuracy and improvement of sharing platforms are needed in order
to effectively carry out the simulation development. Second, the guidelines for district unit plans could
be utilized and developed into shape grammar for procedural modeling. Third, procedural modeling is
expected to be used as an alternative tool for communication and information delivery.
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Table 1. Comparison Table of Non-Procedrual Modeling & Procedural Modeling

Non-Procedural Modeling Procedural Modeling
Polygonal . Photogrammetry
Type Network Modeling NURBS Modeling Modeling Shape Grammar
Derive three—dlr.neflgonal Derive models using . . Reproduce three-dimensional
models from primitive . . Create three-dimensional . )
L . splines instead of objects according to rules and
Principle geometric shapes such as models through a laser ) :
roportional reduction or polygons to create scanner. camera. etc designs standardized by shape
fotation geometric shapes ’ ) grammar
. Photoscan, CityEngine
Software 3ds Max, SketchUp Rhino, Maya 123D Catch (CGA Shape Grammer)
- Intuitive and quick to learn, Adjust objects directly |- Use to express extreme . . o
from the visual interface to modify geometry picture textures or small|” Take time to build up the initial
Feature |- Suitable for individual building units dots shape grammar
- Save time and cost after the
- Hard to leave academic evidence on models shape grammar construction
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=(Rhino)9} wFoHMaya)7t AREEITH10l. F ZEF 7]
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Fig. 1. Non-Procedrual Modeling
(a) Polygonal Network Modeling (b) Photogrammetry
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Fig. 5. Total Cost Comparison Graph of Procedural
Modeling & Non-Procedural Modeling
(Re-drawn by reference [17])
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Table 2. Summary of Prior Studies

Classificat

Prior Studies Summary A
ion
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Procedure Mandi¢ & T. ic | Evaluation of 1 ionality and Flexibility in Shape G d
Modeling andi¢ epavcevic valuation o ntéracnona ity and Flexibility in Shape Grammar and | . .=
(2015) Procedural Modeling
Kelly & McCabe (2007) Analysis of Cityengine's Road Network and Urban Structure Generation | International
Establishing Dylla et al (2008) Reconstruction of the Archaeological Rome Using Procedural Modeling | International
Procedural Mustafa et al (2018) Utilizing procedural modeling in flood-contrast urban layout design | International
Model Ghorbanian & Shariat
or amgélg) anatpour | p. quction of Large Scale Urban Models Using Procedural Modeling | International
Kim (2014) Efficiency of DIF System in Korea through Procedural Modeling Domestic
Viinikka (2014) Efficiency of Procedural Modeling as a Tool for Urban Planning International
Utilizing Saldana (2015) Developmerlt as a PlaFform for Procedural Modeling through International
Archaeological Reproduction
Procedural
Model Introduction of Reverse Design Techniques to Self-Change the .
Vanegas et al (2015) Parameters of Urban Procedure Model International
Agius et al (2018) Proposing a workflow to modify and evaluate plans for nonexpert International
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of drE ggsiion, gae] 1500m7t e 73

9 237pdo] B8E Hikol 48m7HH Bigom
solahgic,
4. NEY0]d A
4.1 NS0l M3 B M
AFHAY ARl Aol gL 3349 nd
4 2ESo] 9 B o} Z Al H(X 2 g A AT
sigoR AgEy] dzel, AuuetelA ofn] g
23 34 BEIE LA BASITH32). o

£ 980 A= 9 A AE Ao AMEEE DIKW j2h]
& #aste] 2AtE(Data) - FE(Information) - A4
(Knowledge)®] 3842 A% dAES AHstach
Az(Data)i= olib#{o]al AW AM B= HEZ
ofustr] ol SAME £22 221 9 331 A= &
£o0= H7st9rH32]. o FH(Information)= AH&
7F 229t 9l FA9E € AJH Q] dA0)7] w2l F5gt
Awo 7HE 9 FE F FHCR SIYTH32]. vRAet
o2 A4(Knowledge)> FHE 53 A= 4 o
7k T €7 ZEd A7t Alg s Aol W
o, ¢4 #olotE Sl 34 B st

Set 1 Set 2 Set 3
Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5 Parameter 6
B:rs:j (?I;O%)i?)d Under Over Under Over Under Over Under Over Under Over Under Over
Under 4™ floor : 80
0, | |~ |~
BCR (%) 60 Over 5% floor - 60 60~80 | 60~70 60 60 60
FAR (%) 788 894 600 750 600 750 | 700~850|850~960| 850 960 850 960
1* Floor : 4.5 ~ 6.6
f \
Floor Height (m) Over 2™ Floor : If Under 15000 (Land Area) = 3.3 ~ 3.6, else = 3.6 ~ 438
Maximum
Height Limit (m) 50 80 50 80 55 100 55 100 55 100 55 100
Donation (%) - 10 - 10 - 10 - 10 - 10 - 20
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SHATH33].

DIKW HZtrE9] 4EFHRI 7ML Ame JEE A
At 7hsob, FAEE= A4 A4t 7hssithe Foloh
[32]. ol= & AlEolAd ©AZ HE 9 fAH =R
B, A3A-vE8x8 Hd, 334 FEAeE AFddE
5= Sl °o]&4 7I§to] Hr}. AHH O & Table 59 &
o] AlEdolA] i 9 WA ERE A=(Data) 3
H(Information) A|4](Knowledge)?] 394 5E0&
st

Table 5. Phase Outcomes

Phase Simulation Outcomes
- Acquire 2D, 3D data
Data R
- Execute preprocessing forsubsequent steps
Information | Create 3D models
- Integrate 2D & 3D Layers
- 3D spatial anlysis
Knowledge | _ Utilize Integrated Layers

4.2 Xt=(Data)=tA|

421 2xt3 ¥ 3xH K=

A2 (Data) A4 B Q3 23+ HlolEl Table
63} o] W AR(SHP) 7AS /ey zd
(NSDD& 53] AZELTAHE U EXEAYRE, 2
€] 12 (PEG,TIFF)9] 3¢ FEAZFEY FAto|Ed]
Al AR ] Al ofw]A] mHUS FS5ateict. $HH
T 4 Y §5UF AF(PEG)Y AS A2Al 2
RS7 M| ABEAAEIAS Bl SS9 niRge g
321 dlolEls EFE(Trimble)Ate] 2A1XA(SketchUp)
2020004 AlZsk= 3D Holske-2A(Warehouse) g &
A Y 3 2y A=(0B)E 559t

Jpok
dn

Table 6. Acquisition Data Status

)

g53t 249 4 33 AEE2 a9 AR
(Information) GAIE 913t AA 2 FPo= HHA &
G(dE dlolE]) 9 X HHAYEAE o|v]A] E 3%
¥ mdho] s3Itk o} ol GRSUEFAATMSE ) =
HAIQl 2000 Korea Central Belt 2010 (EPSG ¥H3.:
5186) FHAIE 7|02 WE AR HAAE TSI
on, o] HFEAE HIFO R FUTH FZH fIXof| Fo|=
& HAEH oHAES A2 HAX(Georeferencing)
stack 9 FHE Bl =% dACIAY Holo B3],

33 B2 59 of golskA ABE & Al

o3t HMA2 Y MY
O

il

4.3 ™Y (Information) ©HA|

4.3.1 X EE HH MM

Y B (Inofrmation) DA B1EXA 9 Axp4 wd,
I8 £94 24 5 Al 7 2dS AAstelth 94
HERA Hdg F55h7] 8] Alm dAllA gsgt
SHP A=9] o] gt dHo] wet thid]e] dA] 421 4
A5k= 176719] 33+ Ej B A/dsieitt A4dd
EoE BE2 FPIRARIZIEANA AlFste Hold
E(V-World)9] 32H d% HE-g arsto], AAXAS
285l Fig. 129] b &3} Zo] #5313tk

¢

Fig. 12. 3D Models of Study Area Status
(Non-Procedural Model)

2Dimensional 3Dimensional
Type Vector Raster 3D Models
e Building Land 1910's 1970's 2007’s 2018’s Floating Non-Procedural
Classification ) . .
Information | Information map map map map Population Models
File format SHP SHP JPEG TIFF TIFE TIFE JPEG OB]J
. National Spatial Data National Geographic Information Institute's | golmok.seoul.go. 3D
Offering platform Infrastructure Portal ional . f . K h
(NSDD) National Territory Information Map T Warehouse
Projection & 2000 Korea Centeral Belt Imported in
) . 2010 (EPSG Number : Perform using georeferencing function in ArcGIS Pro 2.6.2. .p K
Georeferencing 5186) CityEngine
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A 2dPS 24 AFEAAL AEF ol A

2] AXA 2l 15Z 96, 3.2.3004 A% wet AAE 33k 2do] AAEr olo mt Fig. 16
meulE 2 152 A4 § odo] 249 /\IE]OJXJ 3} Zo] AR dat vt AS5ES] o A4
olA JF3tAt. olE 53 Fig. 13, Fig. 14, Fig. 159} ©] 7Fs3lith.

Zo] 3719 NER 4" 67 A3 ZhS skt upRto 2 AarA mdo] A9 @ HAE(OB]) Y
E3 AFE 99 FHS AEHAR oA A 2 HEe] Zhssh] dieel, 33 ZHEE o]-&5to]
(Detailed)2 W7 A, Q3 24, L3 ZoJe} Hol,  Fig. 173 £ E84 ZES F=5H9T

L9 M4, S49] "IAA, X3 B Fol drgtel

-
-
-
-
sy
-

p

Sy 8 6 6 ARSI,

Fig. 16. Exterior of Buildings Fig. 17. Physical Model
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4.3.2 2X2-3xH2 2[0]0] S&

A H(Information) @AZIA] A4 22 2 334
#lo]o] &2 oA Ake] A WA HlojEHo]AE 55
AgdzT 53 7Hsst o ejAl0]Al olaGIS X2
£ 59l Fig. 187} Zo| s}t9] glojoj2 Fotqiet. &
A9] A= (Data) FANA AAE S AF7] wiol
2249 9 3 FREL ofAGIS TRo|A A B9
= Qe Ao vjAxA Bd Ay By, fAE
olu|z] o] Holo] TS Bl ATHIANE S &
AzE QA FEsknt o]A FF A4 (Knowledge)
DA FHEA 9 &8 HRkS BolsHA| ohlth

4.4 X|A(Knowledge) THA|

441 3ty SUEM 2 2E

Fig. 187} Zo] otAGIS Zzo} ¢ A g-8slo o}
e glojoj2 S8 AFEAAE AlEEold2 33+
27 B40] FR5sit. FANOR Fig. 199 2 AR
A 4 ol9of A vl E4 5ol € A o W
B4 715024 AFH o] Jollw $475KE B-eet

7
AAE 24, Fig. 203 22 23444 9 334 Flojo] 7F
33 24 50l 7Fesitt

EQ oA Al 24N 4 7| JESIeR of
AGIS 221 AlFSIL . ofol] w2t ¢ 4l &3
T5H 224 9 33 FojolE 4 FER T

Fig. 20. Overlay Analysis

Fig. 21. Storytelling Contents (Storymap)

L ol=aGIS 2EY ¥ B3 Fig. 213 Zo| 74
2 Adzg Aol 7hssiith. 2R os dAvit
A 9] A AAE olrRE A mEgol ofs) A4
9 setulESo] AR ANz A71FE A

5. HAE AAE R 2E

51. HAYE AMME =&

5.1.1 X2 (Data) B : X2 BQ BUE U X2 I

ST M EHR

E40l| ARES AR(Data)= =74 9 32 F
T EAFES B 5ottt 1y ARl ARt
35 7heotilom, S5 AR ET AR AR =t
o] WAYsto] BEolslA H7lsto] ARESHYI. o] wet
ZH(Information) TA1Q] 33 LE 344 &2 24
(Knowledge) ©A19] 32+ FIHEA] 5 915 AAY
gl B2 AJ7to] AQE|QITh wEkA] AlEFolH A8
H-89] AAZ 9of, 33529 Hold 3/E AT ¥
23t 7tol=el 9 9 QIR ol A4k 4
Al Zo] F& ¥RE 52 B3 AARS HYE JjMdo] e
st Axtd o g AXA wdg AlEdold /S gt
AAY v&S AAAZ 5= lofof Tt



283 AFEAAY AEHelA Y

5.1.2 M (Information)THA| : EIAX 2 XS
29| FIHH WY EQ

AlEEold e F 5= o HEAA= AEIR
W ELAR AIFEHE "7 F dRE A5k T
Sttt 284 ole =9 HlAAE HYsto] ARGt
Zo|HE 9 XA md AlEe ol 7Y S
9ol =l @A} Fesls "glAA S0l AdE oo Bitt
oyt pAH 0 S8ETt 2 AYAIEY 7, oft
E o] 53 &2 d2HE50] 7itE dart Qlok EgE
AFEAALD S A5 33 2dE PEAE 5 A
+ HERE F3E 2 EAEAA| ol o] A
Ago] 5 e A23HER MY 7Fso] o=
ofmgitt. wEbA & AtolM 289t HEES A2 9
ol A%E9] &%=, A5=9] WA} A, AE5E2 B
gt A, A 5 AFEAAEY v AHE '3

kel
[s]

o

o

4 BUH) FHRY ATYER BT £ Ui 2
7He @7t B Qsitt AiaH o R AlEdolAd el &
A FAAI7) ol AFE T gax 4 7Y
AZ SPAFL 744 o] dasict

5.1.3 X[Al(Knowledge) | : &N M ol AE

EFEM RN DEE SEer He

94 waYe WE A9 TELE 29y
Aol] o], w34 olwlo] B SA71 &
A ABE. Z defulel 2300] el E 240] 7}

B, B ATolAE A B4 W AEedy Ad
= AR ANTANA TSI, wetd] FF et
B1E 7F $X2Ql Aljo] 7Mse A BAjo) Rt
o] Wasit}. B3 B o}EAo| MO 75T A8
oldl ArtEe AEelds Auzet st AT
Azl wrt anHel 4w AL JhsoiA wt 27
Hoz ATeIAe] ANHQ AZet U AEeldy
2 B9 ATRAL 59 7 AR o4 £ @ 5
oA B3 5 5 7K 99 nRold B8 FsAol
o} whebd AAGACIN A mde 28 ete] 1
312 918 AA B4 % ATHAL WANA &
% E7EA 8 Yo U uele] ofe F744 A7
nelo] Wasitt,

gl

5.2 ZZ
ATSAT e Avle 84
2, 452 gejot A4, A2
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W8-S A -0 w2t 22+
3t 9o, o2 1
Ae= 15k
A= 224H98 =} 334 E% 2l
o= 5ol Ho] =3 star AT, AT
9] 334 RERA JRAGS shr|ole vEs
o oA 2 Aqs A AAY Dol 2E A8
&40l #2 434 HdgE st AFEAY
< 33 Bd=E 2ok AlEolAE Jidstalor,
7ol e AARES TSIt ALY 2 =&
e} Eof wet AlEeld AF, AlEH ol AR
HHog AP=glon, AEH o)A A T thA|
Aol =t A4, AFhEA A%, ool A4
o] FAR U, FAH AlEd o)L A=(Data), 3
H(Information), A|4(Knowledge)?] 3@tA|Z &35}
of Y= At

ojwf AlgFolAd 7Y MAF TFof sfFol= A=
(Data) dAA = 5 4= e A= A= 24,
A 9 AeHwHuy 54 59 AV TSt &

Alzo] A8 =]t} mebA] AAY 48 &Y FZ

sl AA=9] = QA et misdo] R E]lL o
+ AE(Information) TACNA 334 RHM[ERH,
A, EeEA)E Aol =% A4y rdg &
/35 AEYo|AY F4 S A8 AEE 9 g9
A 9 ATEAL 9] F7HER1 HAH =Y sfdo] &
TE k. #1214 (Knowledge) BAOIA 542 Al
Edo]4E E83 A14F 334 I B 1 AR
& Ad=E A&t EgE A4)(Knowledge) THAl
A9l B A= AT B 49 g
84 87, AFEAAG Y] HYA o] £ § JAAE
9] TFEA TheAdE AT EIT

PHH 2 A ot 22 A9 Aol Atk A
A, A&l M Yol 558 ATEQolE AR
Ak AlEFolAS floll ARESE Eqls BE oA A
9] AnEgojEoltt. oo weh WA dHo]EHo]A
g AA”E B9 tlolH 9] Bl R-85tiARt =14
ol o] et @Y = Al Bl-8F Hgo] WA 4
Arh A 25 AZE o] ol H-E9] st
e vk Ee QEAA HPAY] HAd Yy ATE
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