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Abstract: In this paper, a light weight architecture modeling approach based on feature wires is proposed, which
is called Fe-Wires. The approach is a procedural modeling method based on shape grammar. In the method, 3D
models are reconstructed based on inputting and manipulating feature wires of architecture objects to overcome the
interaction weakness of original rule-based approaches. To interactively tuning complex architecture models, we
present a global deformation model which uses axis-aligned spring constraints. Different from previous nonlinear
optimization methods, our approach only need to solve a convex quadratic problem which can be efficiently solved
in real time. The presented experiments show that our method can be applied on the real applications for interactive
modeling inner and outer part of buildings.
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Fig.1 Workflow of Fe-Wires
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Table 1 Example of construction rule for modern architecture in Fe-wires
F 1 Fe-wires RGEH T AL AR AR R O S 3 L 7 451]

Id pred Command Cond successor
1. Field Add Field, Building
2. Building Add Building, new Floor
3. Floor Add New Floor
4. Fe-wire Wall Floor Wall
5. Fe-wire Ground Floor Ground
6. Fe-wire, Wall Window Intersect Window, Wall with hole
7. Fe-wire, Wall Door Intersect Door, Wall with hole
8. Fe-wire, Wall Balcony Intersect Balcony, Wall with hole
: . Intersect(wall): Object on wall:
9 Foyire Object Intersectggrou)nd) Ob}ect on ground
10. Fe-wire, Ground Stair Intersect Stair, Ground with hole
11 Fe-wire Hole Intersect(wall): Wall with _hole:
‘ Intersect(ground) Ground with hole
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Fig.3 Deformation under X-aligned spring constraints
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ki [(XI* - Xi*—l) - (Xi - Xi—l)] = ki+1[(xi*+1 - X.*) - (Xi+1 =% )] (3)
N T G, A L=xo,R=x, A 5 5 iR 3 0 4 AF AR BB 28 i R ATT A 35 2 i AN AR B L=, v A 3 7 78 5028 &2
R'=R+D. Il 4 £ AT A #00E R AL ki(i=1,2,...,n) IO 0 T AR LA b n—1 A i 14 1) 2 ek e, v ol — A 1
n—1 M RAAEFR X"
UL BRGNS 1 Gk ) S P Ay R B AT TR A AR A 1 FR I AL AR — e,
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o

*

X4 = X — XS B (5)

X
T3 A0 R T e A 4 BUE T AR R A19E R IR A LR X — %, = O R LA 407, B A i SCH A 538 Ol £k vk
{19 245 ROAS 2 R 25 50, TR0 0 GG, Xgy- -, X3) = O L FH UL BATT 1Al 1) 3L 1k 249 SROBE AR 3 1 T — AN AR HE 1K) — ORI

] R

— X =7 X

. . N PR
nllnF(x)_mx!nE(Ax) AX —b Ax (6)
st. G(x)=0
HI T ATA S22 TEE AR, T LA il R A ™ e 0 5o 38— Al A 2R v ) R e B B0l HUREAE 1000 AR,
AR AT A T R AR R S R e, DA L R g ST 1 k.

(AR b, FRATT T LA Y-l 75 1) S5 il [ A P 1 48 ol 2 Ao SR SRAAEGT IV (1) ORI T 0 3 A6 A TR AT 3 v
Y-JRT Y -H P AN 77 1 AT SR AR R AT SR 3 5. AR, — P AT 11 SR A A BRI IR B O B e A H
b ek

F () +F () O

FEAE AN T5 0 (R IG5 I R I SR AR — U0 A ) 803 Pl v 32 SRS AT LA ) B dsz /N AN 5 1) B TR TR AR

AR ST TR R A R TG 1k SR A 7 92 VAR AR A AP A5 TR e, AR S e A A T 0, R T U R A R
TOAR TR A 22 T o A 5 P TR 48 S 1 — A A B S B ) — s U SR A AR T, KA 1) 7 A A v B 4 g PR R
RETEAR T 75 5 IR AR LR M L0 SR 45 4t B R 53 T SR AR IR

Bk L Xl B £ RS

(1) #EGZ PN T AISIELET AR y M ARLES B ME R % — A1 i/
Bi(i=1,....n);

(2) $EHUIZ T AN T AT SR LR 2 b 5 X-4h 3 EU 0 x (5, 438 R A48 B (4R & x, IEWTRR AL T AT R S S 4
“{Ki};

(3) X AEEAN Ay BEAT 1 AR B 400 45 17 1 RN 1K) KA B H 7 R (2 20 (3)) LA K AT R 7 R (2 2U(5));

(4) BRSO AP RS R MG AR AL b DU HRARE G;
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(5) =R — v LN 1 (A X (6)), 3K EL x*.
R T A AR AR 2 3 W, I T TR R L S A
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BRI TE R Bkl
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Bl 4 5185 45 T IS SEER BB 1, 2 AARBL T ARSI VE N Y T R 28 E WA B S 2 R B DL SRR
hFeiy eI A DABBURE N SEE Y oF Wi R T I a2 0 st R LE NS S SR (2 S AT R e 2
B AT 5% B AR, 48R IR A2 7 K oK Al L 5 B/ 1 BT T P 4% U RO 4 bR A
e AL Ay FATRI T R Sy R AR R R A . P 5(a) A i A TR B R R 51 7 A i ()4
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s (R WA A AN http://www.cad.zju.edu.cn/home/zhx/projects/fe-wires/demo.mp4 " #%.
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(a) Feature wires (b) Single-Storey building (c) Multistory building
(a) FHIEZRFH (b) Bz psish (c) Z2upbigh i

Fig.4 Workflow of build common residence
SRS Rt et TN
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Ty gt 980 g
A " o
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(a) Single-Storey building (b) Office building created by deformation
(a) =/ IERE (b) JEARHERL A 15 2 1 /0 A B BT AR R
Fig.5 Workflow of build Office building
K5 AR
R 2 W T SRR AT TE AR G 48 00 B () S8 7 AE X 26491 o BT B —AN 2 L 100 B A7
A R ARSI I8 H] T AR T7 iR 3E AT R 25 i 4. 11~ rh ] DA HY i SR A — Rl I 2, AN R S A
B 5%, A 5 7 55 10 52 20 B (B 249 SR PR AN B8 5 DIIAH O b 3 0 005K ik 52 202 10 Al e 1P 2 TG 00, T LA 3R 46 8 Ak v 1
BV E 3 o, S8 AW 2 T 28 B SR A A48 8 02 TR 2R i T A A R R AR 4G 3R A P AT T AR R RS TR
TR AL B, 1 SR R R J5 Sk A A AR B A P e E R T A e o /b e R 0L R S R T
AR A1, P] ORI U A R R 5 B
Table 2 Deformation time statistics

R 2 EFBRBAR GBI M ST

= SIAES %otk B AR A LA VB [] (£ 7)
Y5t POPNASPN TR BT A5 K HNAR AN EL I R T
EJE G 6 12 0 2 2
T 1 K 4(b)* 18 40 11 38 49
Wil 2 4(b) 38 57 18 58 76

Forp AR 1R F0T B 4(b) 8 23 i 0 5 A4 5.

6 HitSRKIE
AT T — TR R R — A i S5 0, LA ] T 552 e o AR R ) 3 & AR ST 7 i — Fb
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