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Abstract

The pulse function (PF) is a technique based on procedural preprocessing system to generate a
computerized virtual photo of the facade with in a fixed square size. Dynamic Pulse Function
(DPF) is an enhanced version of PF which can create the final photo, proportional to real
geometry. This can avoid distortion while projecting the computerized photo on the generated 3D
model. The challenging issue that might be handled for having 3D model in LoD3 rather than
LOD?2, is the final aim that have been achieved in this paper. In this research the parameters of
Dynamic Pulse Functions are utilized via Ruby programming language in SketchUp Trimble to
generate (exact position and deepness) the windows and doors automatically in LoD3 based on the
same concept of DPF. The advantage of this technique is automatic generation of huge number of
similar geometries e.g. windows by utilizing parameters of DPF along with defining entities and
window layers. In case of converting the SKP file to CityGML via FME software or CityGML
plugins the 3D model contains the semantic database about the entities and window layers which
can connect the CityGML to MySQL. The concept behind DPF, is to use logical operations to
project the texture on the background image which is dynamically proportional to real geometry.
The process of projection is based on two vertical and horizontal dynamic pulses starting from
upper-left corner of the background wall in down and right directions respectively based on image
coordinate system. The logical one/zero on the intersections of two vertical and horizontal
dynamic pulses projects/does not project the texture on the background image. It is possible to
define priority for each layer. For instance the priority of the door layer can be higher than window
layer which means that window texture cannot be projected on the door layer. Orthogonal and
rectified perpendicular symmetric photos of the 3D objects that are proportional to the real fagade
geometry must be utilized for the generation of the output frame for DPF. The DPF produces very
high quality and small data size of output image files in quite smaller dimension compare with the
photorealistic texturing method. The disadvantage of DPF is its preprocessing method to generate
output image file rather than online processing to generate the texture within the 3D environment
such as CityGML. Furthermore the result of DPF can be utilized for 3D model in LOD2 rather
than LOD3. In the current work the random textures of the window layers are created based on
parameters of DPF within Ruby console of SketchUp Trimble to generate the deeper geometries of
the windows and their exact position on the facade automatically along with random textures to
increase Level of Realism (LoR). As the output frame in DPF is proportional to real geometry
(height and width of the facade) it is possible to query the XML database and convert them to units
such as meter automatically. In this technique, the perpendicular terrestrial photo from the facade is
rectified by employing projective transformation based on the frame which is in constrain
proporttion to real geometry. The rectified photos which are not suitable for texturing but necessary
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for measuring, can be resized in constrain proportion to real geometry before measuring process.
Height and width of windows, doors, horizontal and vertical distance between windows from upper
left corner of the photo dimensions of doors and windows are parameters that should be measured
to run the program as a plugins in SketchUp Trimble. The system can use these parameters and
texture file names and file paths to create the fagade semi-automatically. To avoid leaning geometry
the textures of windows, doors, etc, should be cropped and rectified from perpendicular photos, so
that they can be used in the program to create the whole facade along with its geometries. Texture
enhancement should be done in advance such as removing disturbing objects, exposure setting,
left-right up-down transformation, and so on. In fact, the quality, small data size, scale and semantic
database for each facade are the prominent advantages of this method.
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IPAA Gl 9 Jlgs Jgl o)l qoai Juw | 15A


http://jra-tabriziau.ir/article-1-190-fa.html
http://dx.doi.org/10.29252/jra.5.1.167

[ DOI: 10.29252/jra.5.1.167 ]

Downloaded from jra-tabriziau.ir at 14:01 +0330 on Saturday November 16th 2019

@l . .
= Ub‘uﬂb_ Ryl g ju swliiad g

a3 300 53 > Jyopls oot o o
Nles ol )3 csldy> slaiymye 2 ogde 3y 0y
Foome (lSs Sla gy (595 0pllS LSl
poas YO 5l odlatnl b Jloylgicds )l deg Jluzud
SUMSUNG  siecibgn (S b a5 Ciliseo (sblgs ;]
O—iglgsy &Y Gl al__oblL 4 SM-G530H
VY 5Ls cas s g Voo Lyl ISO FYSEXVAYS
Copmated (dmdw Jho 355 gl lossad S 4l
Y USCs) cowl saboslaiwl sy pac 51 Sid
sla 295 o5 e Agisoft Photoscan I} 3lp 3
«COLLODA s ile (samdw slacw,s b s
b polar &5 Jyso > add) 9 OB] 3DS VRML
PSS lp ) KMZ (13l bl Cusdge
S5 L (i ik ygige ile ilisee (sl )8
3Ds jl ealatel b oles oo 38" eoliiw] Gl 9 &)
CityGML Casys 4 |y 3DS sy SketchUp g Max
3= CityServer3D U LandXplorer ;3 odlaiwl (¢l p

Yerh cgl joa SV (5,9 CityGML god a5
Y a5 § Gl GML (gidmsdu a5l D)5 (8o
Voa Jlw ol Y ase s g VoY o o
bz glacco,d s hgy .[2]Cul dibldwss

il )0 WD e,8 ol (sla o yed Wile sl
95 72 5 )t pglad alsS s 45 1ol
S olg e s dilolus (SW81)S 5 (635 p0 0155l0 4 Anlg
byl olwl j Bread aile (cloadaig: slobs)
plool 4y pol8 a5 (Epippolar geometry) ;Yo ol
(samgd ol loan) s S5 ) pglad Gubas
5 by LS g yal ol 3,8 oolit] (it
e (Saomy &Sl b algs (bily ol
Jle s oizpan il aalg Ll (Om) 4 (Om2)
Sloslawl b oylgi o oS Agisoft Photoscan (g3,
595 3 Blp s gy Lo 1y oygd (g il
Voo 3l yS0mly ISO 5 <l poj b oadad )5y glas
bLa pl e 59,5 0,8 cagad jugi (ool
2 5 gy o=l )8 bl pglal Bubai by, 41,
a JLb e g5 190 oy 5l Lo ladilols aws
5 6 p bl Glgi o (oha Gy cpl b gy e
CBl Cnledy g phatels slaedio I (glaSd

3,5 dbul 1y ] yrolal 4S5l oS 5 &S (5 gl
s ) S mdw glaJie 4y e 4 S

MRl cnl 5l oalatal (gl 98 co 553,90 (sl 8
0y dLS" slad > (gla iy yed pglad Sl Glgi oo (8

Olsy pas oleiliss )0 Sid Cawased (gdmdw Jdo Y S
Fig. 2: The 3D model of Sid character in ICE age animation

1599 1A gliuwl g ylgs «Jgl 6l oy JLw


http://jra-tabriziau.ir/article-1-190-fa.html
http://dx.doi.org/10.29252/jra.5.1.167

[ DOI: 10.29252/jra.5.1.167 ]

Downloaded from jra-tabriziau.ir at 14:01 +0330 on Saturday November 16th 2019

i

U Lol 5 =eun (509880 5 LS Sl Ligz Uy @U jl eslaiuul / 529 S0u0 g 55 il 631 jule Puﬁf\_sgu_wul.ul;

(Jkd e y90 ol jl yiomiuw) AgiSoft Photoscan ,l38ls 5 il edlaiwl b ol oz b Su )b plos (samdw Jio ¥ JS6
Fig. 3: The 3D model historical Hji Jafar Daei bath via Agisoft Photoscan (Passive RS)

230,381 s oz Kl sl cpl jo 05le e
2 aS Slenle (gmdw Jdo 90, 3439 03l 654
L5 25500 pasdio Ogliste (S 4y Skt s
33,5 oLST Lo i SLdl i combe j p,LS
Lot JLadly pll sl a5,y sl
Mlaily Calisre (gla S 4 (gdmduw i o
sLonl Ly MalS' jgome lSe (o 0313 ol S
by 5 Lisels LSel s 5ok o b aiiS
S8 Ay 93 oyl e Ko Sljges 4l (35
Oxed Al Dl Lo «SSliw! TPV6 g sludl o i)
2 P S b Sa plpiea Llal iy 0 )3 0590
S el BT YN e oy e ¥YISS S5
bi s cla s L Jlasl gua o] 033 oL i
ol oMol g 00l oL (ol Ladd g 5l
B e b (63bj 3900 U 5 S5 0fg ()l
b S > ol gwosly Sl g ol snijlel]
Jud)l 5 joy e (Pl sl b g Jud)l Gl
Sl dmdw godly e ials (gl .l Hgade
sl g, 5l oslinl o )] dwsin g ¢ pgad lacsl

[3]28l 5w ped Klgs oo bgy b &

Lo )3 CityGML 3,5 1 oslizwl b CityGML 4
slayiyg 50 ol (Ko Y)Y a5 SketchUp
CityGML SN cuai LSl SketchUp iy
Sl a0t Lo S Cunbioe 92,105 392
dyllwl asl 5o Ruby b > )0 Juds sladsws
O eodd a5eud b g 39 aidg ) Y A 4 bgsye
b dag g 6L
L (2 ji (2 (o)l ples 5 ¥ S5 5
§)1 1y 5ai Conon 7D Mark Ty 93 jl eolaiuwl
il ss g paai VoF l oolaiiwl b s 5 Gl 005
o VIYY 3lass g abaiis YVEAVYY L Ll i) AgiSofi

2 Simds gilodae il o3k sl sy 0986
&Slgyn o ailad 5103 ooliiwldyge calisee (gbad y)S
Silwdie N5y opds 3ioS (pl I S
035 oLSSL slou! LSl ¢ 5o, slals (gamaw
Cdl ) g 8ly gamdw slial Leld sl (heos
Lo 1y Wyl 55 35390 31,81 ¢ ba ylassilos oSl (6,005

IPAA Gl 9 Jlg «Jgl olaiis qaio Juw | 1Vo


http://jra-tabriziau.ir/article-1-190-fa.html
http://dx.doi.org/10.29252/jra.5.1.167

[ DOI: 10.29252/jra.5.1.167 ]

Downloaded from jra-tabriziau.ir at 14:01 +0330 on Saturday November 16th 2019

@l . .
= Ub‘uﬂb_ Ryl g ju swliiad g

yoyo VEXY 3V A0kl 0 oMb Caws b Sb jae b Suylples ¥ S
Fig. 4: Historical Hji Jafar Daei bath with the dimension of 10.09*16.33 m? Golden ratio

S )18 oolialyyge ()5
» Y229 JLw o SketchUp (63,5,LS" 15 8lp, 5
@LLast Software of Boulder, Colorado (sbg ¢S
Joe Esch g Brad Schell bawg ¢ 33 3gi 5 >,k
M IR S plgiear Ve Jlo @l 3 5 ilwasrly
2 g oddasye lil 4 oplaiedan andw slgixe
2 S e syle ey o il
S 1) l8le s JS o5 eS8 58 ¥ 0 Jlo o)
Google 1 24y ol L)) doeid S g 03405
GRSHL jelaiedy sadbdnas (slaylil Jolis SketchUp
Google 3D} 5 Google Farth () y oo
, Trimble Navigation ¢ b .l s Warehouse
5 65143 Google ;I 1, SketchUp Y+\Y JLuw 555
P &S5k S ]y 353 e s VY Jlo
(oS dlou! sl il ales o calisee (slaciomwd
U oljlomm célw yuitie LayOut g Style Builder
aoby ol wlyum oSL Jluwys FN s
3D ,ob Jls o ccwload 5L aslyy 5,8y
oSl g el €8y ol 4 3leie 50 warchouse
JLu 5l Google Earth > (gdmdw sla Jso )35,

VI | 1PaA gl g Jles (Jgl ol iy Juw

W Sg, 9 dlge .Y
L s oMol i olSiisly )0 #8ly (slddamore alS
5! U= 9 Slods (g5l Jde AgiSoft ,l38ls 5 ;I eolat!
STyl 4 3D warchouse ;3 SKP G yd dy rAs
L olss o oS in sladis p ogMe .londanslis
Sl 8 a8 ol 5l aS'gl slaadas o odly ;1 oslawl
SketchUp Trimble S oS a cdsloaba s céluw
‘OT = 09Me [4]5905 Db | L&ao—l Sdmdw sl e
L bla ol an bgppe sl Ll )5 (6p:S0)ll 5l
IS5 50 YU 51 olSS jobo cpmed o (5y54 Sl 51 oolatul
)l odli ! l._) |) Pl._.oa- )‘ u_n.\.S.J J.}._.o ul}.;u._.a A
u’.’|9_€b o.\_wCM_.o] P o—as o‘)_an 4 SketchUp
5,5 sl (Terrain) yuoj (2,lse g (Orthophoto)
(¥ S5)

Soisldng) (2> <L L slag, silw e
e S Jie ,5395 Mg Caa gmels sl
sla,lid Ll oolawl U (sdmdw sl Jas sl
2o YV19S 53 g sy (s989> Sz wilo ()l SS
Spomas glacdl b bojlu b (So)b slacdl L o


http://jra-tabriziau.ir/article-1-190-fa.html
http://dx.doi.org/10.29252/jra.5.1.167

[ DOI: 10.29252/jra.5.1.167 ]

Downloaded from jra-tabriziau.ir at 14:01 +0330 on Saturday November 16th 2019

i

U Lol 5 =eun (509880 5 LS Sl Ligz Uy @U jl eslaiuul / 529 S0u0 g 55 il 631 jule Puﬁf\_sgu_wul.ul;

5 i " A eoggl SIDPE g, L LoD2
35l o Moy’ (6 gl il il Moy 4
spbiedn 250 S M " Y (g il (g,
S pgas Sl oo DPT lim (295 )8 Mg
O 9 950,545 (gmdw bl | padine pobooy
Fa s ple loolainl b Sile a0 b 5 20,5 2
2ol I (owde 9y Sl (iSagn JL
Pl U il 2l awsin (slos glasyl g oy b
((Photorealistic) Lo 28ly gl oS 4y 2> Cl
39252 DPF gy 65554 L aaalys ool
sly 9 X505 @5 S lodlsy poes YU Hlws cusS
L s il glaass o,k 5l Jlasl b ssalie
DPF S e lewlio jluw aSs cos slas;b
clad (298 ppai Mg el ol Bhibrote 4s)
sl pgmal Bl Wy e laiedn sy (i
Cwl CityGML o) gawdw slalass ) odlaiwl
25l o LoD3 (sladas DPF zols o , ogMe
slaccdl o) Lius 34850 50 29 edliiwl LoD2
DPF (slaiolyly ol o ooy sy Sslas
2 oSN SS9 oud awes &S Ruby e o
o=l el saicias SketchUp Trimble )5 8le s
L Loy oty sl it 255 sl 5750 (5
i L led gaw | GGees & 385 Cusdoe
clacsl olyan an syl (Sasly L g ausb e
(=S 8y e a8l ol (Solad gl
J10]35,.5 51,8 oolaiwls g0
il s s CityGML 4 SKP L6 b ¢l
by oo )3 CityGML glaye S Ly FME 3 8l 5
(so9he (Sdmdw Jdo .3y 00y SketchUp Trimble
oly o d jome K6 o 03l oSSL (gl &S
ol Lo gla bl plo 5 by dao oy slaasY
Juaio MySQL (g3l oL & 1) CityGML  Slg5 0

D.)'.) Ol_i}l) ).3 )l_g.)a& )9]04) ‘) CltyServer:’)D Lz..’x/o
[11]35k pl&ige MySQL v

JouiS S SketchUp .Cuwl 0395 jadio x4 VoY
Sl ol 548 2,05 Ruby (Lo & (g gidalyy (sl
5 oSl o b S sbxl g li8le 5 ()0l dsgs
s ol (slaygy (il se 5 (23 Bl Hobpen
035 ol ¢ glize leMbl ily oy JFguelS L35
2S5 anled Car it 8 g jome (S Liogs
Jie Sl iisu gt (slixe Wlgs s ol
s Lacnd 1S i 3 1l S0 |y cdudus
sobiedny andw Jho Sy polis plad ()05
25k gl gl o] jeolio g odls 55 (3905 35
ol osd (gjlwodly CityGML oo )3 o)l jguiS
[5-8]4sloslas pab ywe (il )3 J 1aysiS plu
L CiyServer3D (59, 2 g290w Jl Ol¥ie oo
oLl 5 Lmosls 5Lyl cglos phpMyAdmin Ll
o0 Jate CityServer3D 4y 45 MySQL ¢laodls
(Thick server) pasud jom £95 9 dg0d odliiwl Cuwl
4k (Thin server) 3L o CityServer3D 4
L s slo gy [9]455,5 3959 Google Earth
g CityServer3D Viewer Jils ;3550 CiyMS Caoms
Google Xilo ypuzus CioMS Cuow b S3U (gl ygyu
o 031y oL LS e 58 Earth Application
plod b colgmdy (gaman Jao S 4 bgrpe jome oS0
J— CityServer3D g9y y— o sl g y—olic
sla Jas CityServer3D ol jd .l Copis
A8 oo Jaio Oracle Ly MySQL a |y (gdndw
{(Google Earth (M5 )
ilaie (ol Slas jl oozl DPF 3 ,Slos pogie
e R S9) 2 Sxgas 8L il ol
L dwdin Bl Claiw b sl O ysods a5 Cul
Lo U 90wl il aul 3 o)l conls
M2 GYL o a3sS 1 48 Cunnn (93505 5 (8
Lids o)) omly wsly 4855 &y 5 0adggpd dioj
—ilie y3lae D9 e pi> pgual Glaite Ll
3300 3 8 ol St Job S i
Bl Aoy pg=al $9) y= |y Gyl L
Cglyl iy LSl gy (mal )3 28 (ool S o0
cble calw o Jlelacds o)l deng Y ya (4ly

IPAA Gl 9 Jlgs Jgl olodis qoaio Juw | 1vP


http://jra-tabriziau.ir/article-1-190-fa.html
http://dx.doi.org/10.29252/jra.5.1.167

[ DOI: 10.29252/jra.5.1.167 ]

Downloaded from jra-tabriziau.ir at 14:01 +0330 on Saturday November 16th 2019

@l . .
= Ub‘uﬂb_ Ryl g ju swliiad g

s a8 (F) b lod (65K cond 2
Gos sl yiahly olyon ay (Col 0ad 1SS plaie
plos gy crl p 2909 olitul &Y o (gl bao oy
Sl )3 35290 503 slbdwsin g ooy 5 bn)
S)ygody (SN dbml g (cung 35 jl ookl b Sg e
o 031> oLl (pizmen Wg-b o0 Mg 5395
Jie bad L gd ylg CityGML LB 5> Wilgs 0
2 0l 99— 3y 5 CityGML 4y (g3nd o
aan oly—an 4y ol ezl CityServer3D
sslaiedy ol olyan (oliae oMbl g f (sloog Sy
g abgye slaodh sl g liudgge 3505 ddls
2 Laceud 48 Dy daled wyiwd (0 bcwd XS
b slaglall (3,5 aled gl B9y ciis
9 Lol elwl 1o (69538 o (gl 48 a3l e
lnplocaty dilise JIS051 ale cilisco (gl i L
=il (P syl il Ly g5 o 53 9290
2 Ngb oo iy dlidie (63)l90 9 (oS b
2 ey pledle S il 6] claie glad yuyl8°
ool )8 CityGML - Ll S )3 ol jo calizee zolau
b ooy el Sy 5l Jlte gl ol
Sl gobw 45 3 lojer (lgie CityServer3D
bis Jol ;5 4 LoD4 doD3 doD2 dLoD1 xib
9% 0 9 Sxgas CEL (e S (xSe S 4
9 oty Sl b (g 52 9 plcedy Slj> )b
> B 3)lg0 pogMe 3590 cp 3] )3 g ailed oo
b oadandss (S [7,12]55: dalss 55 (B Sk
L |) DPF patie slgs o Ruby s 5l edlaiul
L aiilys oo Lo piall amd (U5 (653> iz
29— 89y ym 48,5 plsl glas S ojluil 5l oolisl
S5y 3= 9 Sl 03 (G3lw (3908 &S Sy lod
(B JS)dgis (23yla e el ois CublSS i
i el (gles Uoye 5 £l diilo lazal
s Loy oy 5as g adb jo ) alde sloooxy
8l Alols Y o 0ok Job g yoye b eails
9 9o Alold g Y a3 0po 93 (i G905
OGS 9 A ed S Y o )3 0y ol (8l
9 Sng=as <8l b ol g plaiblo (slod g9pd dlads

IV | IPaA Gl g Jles (Jgl ol ey Jlw

sbes g2 s 9 eli)l) canl by slod (A8ly laisee
s 9 XML 033 oLSGl 1 929000 el (S
3 dgmg e pbai slassly 4 o ke 8565
o skl s3g0e S (s pgai B9y !
LA_MJLA.A.A s J...»]).u dul.s).’ ud.wli» JJJ.»J )I odlal lJ
351 (0L Hluws (slools pos o..\,i‘:c)'tol obas ol
DPF duw d).ﬁfo)‘l.\_il 61).3 uJ? S coawlio
Sl (6503100 4018 5l L8 il e (5900
it gliyl g (o ye b canlite 0ud (gjlge g
il sd)lge 5l Sl yle DPF (gl yusio 30,5 clod o28lg
Loy o jomiy (1250 9 gl ded 50 5 e Job
b5 5l Loy g Laoyoxty oy (63905 9 (8l alold
o=l 4l el Laa Y ol dod (sYL Co Cuows
Moul g aoby (9,5 &S 51 8 Camwb o sl yialyl
Mg (g y—S0;lal SketchUp Trimble ;> S
o=l 3 Wl oo oy sled 5055 A5 (sl s
Spgmas S8l o bl e g pb olpon 4 ba el
S ool

Sl g (b 75l S jptatedn
clacosl wsyly Sidyes b (Saelp &8 olbawin
Srgad 8l L o)y g oy & by (s pga
Do .3)_5 odla_wl o sl .A.Jy sbss Lb(j
o 3l el (Texture Enhancement) S pgma 8l
Sl ol g Oladal walie g boapel Ll 2
ol lahg) b g b 4 Vb g cwly 4 co
YU jlas codS coids )3 gl bl i 5l 1l
oLL B8 wlade dLoodly oo b 03l
Ot ) b o sl e (e inogi slaodls
Al Sluady Slidos b, cpl slacy e

SketchUp Trimble , Ruby JgudS .¥
l—.’. 5) 0y om0 QY ‘_gl)g C)‘?su‘" DPF sl Lso.._mb..o )‘l


http://jra-tabriziau.ir/article-1-190-fa.html
http://dx.doi.org/10.29252/jra.5.1.167

[ DOI: 10.29252/jra.5.1.167 ]

Downloaded from jra-tabriziau.ir at 14:01 +0330 on Saturday November 16th 2019

i

U Lol 5 =eun (509880 5 LS Sl Ligz Uy @U jl eslaiuul / 529 S0u0 g 55 il 631 jule Puﬁf\_sgu_wul.ul;

(S Jlo (gy p o CuBlS g 0l (gl (93908 yigal wlwl y DPF (gla gyl (6080l :0 S
Fig. 5: Measuring DPF parameters via orthogonal and projected photo on the 3D model
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Fig. 9: The process of exporting map from OpenStreetMap and importing 3D models into CityEngine
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