


















































































































































































































































































































































































































































































































































































































































































































































































































































































































" 

-\. 

1 t.Y...s.... .o..).j":');C ISlA jI .,..4J Y o)}-< ) 

0-!.1 . ..l.il SlA Q;! JL 

4S 0-!.1) 1?1.:b ..).jl I.)} ......... L 

l.b r) Jr-.o • .::.........1 O-L} . ...., ..JL) 

Fractal Geometry in Architecture J)S . .::......... I Sr-...l.J 

JL.o 0
1
,..:.&- • ..:-.1 I) ..J'r-" ........... )tl .and 

.(Y )) sl.:-o }I Robie o.,jl> u..t.:..... ,J J' 

I /ffl , I 'fAO. I lff 

2( 



~jL.., ~ )~ ~ J'!)lS' 

.JL.;.I..) ~ ~ ,5~~ ~ ,..).j)..).j r"ho \S""'L.:. ~4j ~ ~ ~ s)~ ..:,r.. " SjL.~).) 

, ;; ";j) ~ 'r..j S~ ....,:.-.-;!, ~ 6->4 )~ . SjL.~ ).:; ~,..:. 1 S)~ ~\ ..:,r..\r.~ . .)~.l1.S" 

;k )~ o..).j j IS~ ~ J!...c ~ I) ~ ~ ~\,; ~ ~1 . ..:-.....1 IS)Lo...... )~ S)~ ..:,r..' .) r.)S ; '*'" 
~i 0.r>~~ ,~~,....; I~. I) ~~}! ~ ~,> ~I,) ·S~ IS~\ j5" "'r ).) ..:-.....1 ~ ~1 ~~~ 

~~ ~L:-, IS~ oJ'..).jI.;~.:; IS)~ I L I) ~~ ~).:; 01~ ..I..:..i l,.:...:...o J~.sl..l. .s)~ 

~ ~ d5 l...A ..:,r..~ · .. ::. ... ..IlS~ J,L ~,; ·lSjL.k ).) ~,..:.1 S)~ t5~.)r.)15 ) ~ 

~ .0..>....::, .Ju..~ ~ ) d5 lS~l,.g ....,..,L. lr. s.;~15 h..:- ).) o~lj J,L ~ )~ -.rur. 

ISjL.. ~ ~ "From cells to cities" ~I~ ~ lSI ~li.o ).) (r) ..$-! ~L, rs.) .).).; ..s" .sjL. 

olL\':; ).:; ~I}S:'G .. A> , ..$-! )~M .. .:;).:; r,.. ~ ..).j~ I.S" ~ d5 s l o~lj sl..l. J,L ~ ~ *"' 
L • .j.>..J *" r..~. v ~ )~ ,..).jl o.:;\.:; ~~I CA(Cellula r Automata) ...;:..,) ~ I) )""1 ..:,r..1 .j..>...:.l 

Jl:SI) )t.9) ....rLIr. (Cluster Models) lSI ~,> s4J..I..o ..) ).:; d5 ..:-.....1 o~ o.:..>L. ..;,) ..:,r..1 

);:, (City Analysis SimulatIon Tools) CAST ~I~ ~ lS))\ (>.) r.;. fL{.;..., ~ UeE 0~1.) ).) 

; ~.) J~I ~ ;Ib ~ ;:,),> r. ).) I) ~ )t.9) . ..I..:..il~) ) 0.) li:...., 1 ~ d5 -:-,I .l.)y ,~ Jl> 
~ I) o..).jj IS~ ~ o~i ~I,; ~ 0..1..0 ~ ).:; ....>~i IS)":'; lS~ r d5 ~i .>'.~ ..r)r 
. ..:...... . .:;......, ,1..; . -0 1 .. L:' t.9 (~L '0 L , .. )l:....) 0..1..0 oL;,s 0),.:; ~ lSlr. ~ ..:,r..1.r.~.:;J ..s-' '-" ... '-' " .. -,. U I '-" ) pc-- ) ) .. 

. .:;);:, 6o..a..-I'; s~ d5 ..:......,1 lS~.~ )15 ~ .S~ ?I», L5jL.k ).) Jtslr S~I.r" ..r)r . .:;~ 



\,. 

...,..s ')~ ~ ),A-)1 o~b )I (V) x,s 0tU~ ;S ~ .JL...) ),) ·lSjL... ~ ),) Jl:5l) lS~lj-o ) ...? r. 

.:...94 ~ .h...., ;I ~41::-> • ..? .,.k )~ JI .l$ ..:.......1 ~I Lo.~ ~;ls ;I ~ Jl:...o 0'~ ~ . ..:.......1 o~ 01~ 

(';. ~ .~ IS" ~ Lo. J,L 0 )I..).jl , CY , ~~ 1.5" .; 1.5"~ .~ J-.! '}>llSlA 1S~)IS .ti ),.-.&­

o~i JL.. , . -r· ),) ~ ~ .~~ ~L... 041::-> }"I .l$ J.:..:.S 1.5" ~ J.:; , ...1..:..0; .) 1.5" <lAL r ))1 

~l!;I ISlA ~ ISI~ .J.:..oj JI.SI) ...;,) ~ 1 .l$ ..:.......1 who J I;...- ~I ~ . .l.:S 1.5" IS~ ol> 

.l$ ..::.......1 o~ ~lJ ~ ~ . .)),) ,) .r.)1S ~ o~ ISY!.) <lAli ~ J.:; )I ISlA ~ ISI~ ~ ..:.......1 o.)lA:.......1 j,l3 

)""1 ,~ ),) ~ J'b .~~ 1.5" ...;;-! Jl;SI) ..:..)~ ~ 0 L.. j )'-)'" ~ .~ ISY!.) <lA li ~ ~ ) IS~ ft-' 

.~ Jl;SI) r.:i ~~ 1.5" t.'~1 .s 
(~'*. ~) IS,).J~ 4.i~ .J') Jl;.S'I;i -....,~ , ",:-,,..:.1 IS)':'; ,) Y,)lr 

.~) . ..::.......I.)I.SI) o\.{; 4 0
'
* ~ ~ ..:..I~":">~ • ..:....... II"~I J l> ).) .JL...) v!').).u S)IS 

o)l.l...i l ,)~ IS" Ub \.S)":'; ~I )I d~:-,I 4 0
'
* )~ I) \.S~ r"~ , Lo. ~W ~lx , ..:..Ir-:-" 

urban) ~ o..J.:...S '),...\.;><..0 .Ie:> 4 ))'" ISUb ~ ~ .s.L...~ • ...;,) ..xl ~1,9 ~ ) .~ j s;-! 

\.SUb j)"" ~ ~ J'b ..I.A>~ 1.5" 0l;;.j 0
'
* ~ ~,;L; 0.),..>..:><..0 IS,) .)l:5l) ~L:..... . ..:.......l(boundurics 

~ \.S~ .u.....~ .l$ ~Ub~ ).) , .)~ 1.5" ~ .)l;SI) ..:..~~ .~,.:.. ..s" ;s..,..~; ft-' ~ 

,~lf)~).l$ ~1\.S4,s'.),.> ..x' .(AjS'..:»..:......I ;-s .)tSl) ~ '.)""'..s" I"GuI? '-')~ 

\.Sr.~ ~ ~L:;. 4 ~ ~ '.5-W I~, ~...f)~ IS)~ ),) -s~..:..'")Gu ~4 ~).l.o 

. ..::.....,1 .; ~4 . .)l;SI) ~L::;, • ..:......I ~ , ~r ..:..)~ ~ ISk .u...... ,,; .u ~~b ).) , i'lL 

I 

\ . 
II CITY aOUHDARY 



.'~ 

.... tGnIa Y~r • Fractal dilllnlioa 

~ 

• 
Pa<l00 1940-1978 1.599 

., 

-, OO<PI<300 1951-1920 1.608 

300<PI<lOOO 1960-1996 1.592 

l000<PI<5000 1921-1950 1.562 

PI>SOOO 1970-1996 1.368 

o~ is:r..) ~L;.r. ~ ;I <L.,.,..l.,;.A ~ ~l.:..o )~ , ~ ~l;SI) ~ ,~lS') J-bl.:..o )~ ~ ),1 ~ ~ 

~ ~r:U .uh:..o • ..:..Wlb.. .:r..1 ;I is.J.....~ ~ )~ .-:.......1 r.s ~l:;SI) ~ (H Oh:..o Jl:..o ),1:> ~) 

~r:U ~» ~ ~ }'I ,~~}' ~Gwl .o~ is:r..) ~li.r. ~ ;I , ~15') .:-II> ,~ fb ~~, J::.l~ 

..:......1 ~J'" ~ ~ lA, ,.} Lr-I ,~,.:. 1.5" o~l.!...o )~ Jl> )~ 15-lA,~1 iSr' ~ .('\ JD) ~ 01.{; 

.~,! .,so (Patterns Generator) ~I Lr-I ~ "1>~14S..::........I)}; Jl> )~.....J:..:...o..:..~ )~ cS 

-" - .. ... -- ... .. . ~ .. 
w - .... 

t 
" . ~ ' - ... 

-_ - r· -- ... . -,,.,.. .. - ~ ~ ... " , -
. " '., .... -... -;.~ . 

• :-' ..,.::r.-• 
• • 1 

~~ ~4 J~ • ..u,..:, J'~ ~W"".. ~lA~'(~ ~ 

. .:.....1 o~l.!...o ~l! "')lots" J--..~ .uh;.. )~ ~ iSlA, .r~ )~ 0~~ ~ ,)~ ~".r..' ~ J~ ~ 
~I) U"'L1.r. .)}I (";. .~i 1.5" -:.......~ ,Benoit r~ loS))1 r; S-S ~ ~~..:.J~ 4l:S1)).u... 

. ~l....i 1.5" ~ I) ~l;SI) ~ • .:.,,~ s4r~ \.r. ~)L{J 

-\. 

, 



James Gleick , 

;!l.)~lilc .:-I .s l ~; pi )~~ T 

;;.:..~ "Chaos" .,..t:r .sIt .w jt,; ,.rl.i 
~I o.l,.;.,..l:i.:.il ~ ~ 

Sensitivity to the Initial Conditions T' 

~) } I) Ji;S1} .:.&1)4 .},I .sIt .:.,t J.w ' 

.JJt~I.~ ~~ .s- '" FraclUs.r--")I 

Benoit Mandelbrol c) 

Michael Batty ~ 

Jonathan Cooper v 

~;J'~"* sla~ jI .~l&;... 1 4 A 

FncuI I~~;'borIIoOO ldtnufl,auO<l oodt ,:,I)t.:. ),L:.. \ 

l. Alexander C. 2(X)5. The Nature of order, 

Oxford Umvmlly Press. New York. 

2. Bally M. Longley P. 1994. FrnCllIl cities. 

AcademIC Pr<ss. London. 

J Bill)' M. XI( Y. 1999, Sclf-organized Criticllly 

and Urbw1 Development. OVCrliC3S PublishL'f 

A'MlC' ation. N. V., Malaysia 

4. Bovilir. t9')6.FractatGeomerry In Archill:cturc 

and Design. Boston. 

~. Carvalho Ret al. 2003. Seal ing and Universality 

In the Micro-slrllCture of Urban Spae<: • 4th 

Intrrnl,ional Space Syntax Sympo,ium. London. 

~ Chen Y. C1 aI . 2004. MulMraml Measures of 

Zlpl modtl.CI\ao5. Soli,OI15 and Fracul. vol 16. UK. 

J Cooper J. 2txXl. Ibe Potential of cru.", and Fractal 

Al'I'bclIuon ,n UrhinOc",n.PhD Th< .... O.ford 

COOJICI J. 2003, Fnoctlll a\S<S."""m of <lreel·le"t 

>kyh~. (hford 8rook. Unl\·Cfl>lIy. UK 

9 Gild J (1987) Ow"'. N.~, Yorl< 

10. JmeI; C,I997. l'llf Archllccturc of Jumping 

1\ Mudrtbrui B. 1981. Th< Fracw Gfometry of 

~ I.}* cl.!.ii .~r.? IS" fo)'~ ~ ~ .).>1, ~ I) <lit.> t -0 J'b 4S ..:......1 ..:. ~ . .,)." 4,....,l:-
)r ...r. . 

~ ":}j:A c.SrJ c);t~1 ~ .)}I r} ~I, ~~ IS" o~b Benoit )}l r} ~ BMP ~L; ~ .:..),..., 

IS" j..& ~ ~ ~ u),- ~ ~ ~Object Base ))1 (') .,:r-I 4 1 . .l jb r. ~ c.i. 

~ X ($~ <lit> .)I...I..a.J ~4; )~ . .J.:S IS" c.S)~ o)W ~ Q ~ U ....., ~ I Jt.> u . - (' .; .r- );r- . ) , r. ISUI~ , ~ 

~; ~~, ~~ c.SrJ ojl~1 ~)L!J ~\.;; ~)~ ~ IS~ ,-,",~).l Jt.> ISLA -.;6. .) I~ 

~6t.o I) ~I.:SI) ~~ ~I,; IS" ~4 ~b ~I,::.... '-'"'~ T L. }I .~l ,.r ":"""'.l ~ Jl:SI) J.&. 

IS" )~ u,lA:...o c.S4c--~ )~ )4 ",. ~ TO I) j.o& ~I ~ ..::...9~ 1S1r. Benoit .0:.;1 Jl> .~ 

,~ ~6t.o I) ~I.:SI) ~ c.S~ , c.S1 .uh.:..., ,~ ,~l.....J. IS~ '-'"'~ ).,) ~; ~ }I .J...S 

~ .,:,,1,; IS" I) ..:,,1 , ..:........1 ~ ~~ .).>1, ~ ~ ~ 4S ~ 1 ,.r ..:......~ ~ IS~ JS .s.. 

~L..::. 0.)1,;.01..01 JI"b1 c.S1)'! 0.M>1 ..:........~ ~ ~I.:SI) ~ Jl;.,.. ..:"I~ ~ . ..:..!} .,J.:u )~ 1S..ylS' DNA ~L 

~t-A, .).>1, )~ ~I.:SI) Q,..,~ ~ ('\) FNID b)lb..:,ll) ) , ~4,.r y'\ ,-orr -Yr· -A· ~ 

<li , ) c.S~lS' c.S~ ~).!., 1J"'L.1..r. I) ~ ~ o.),.l;ouo .u.:-., ~~ \,),; ~ ~ ).l .~\,; IS' 

c.S1..r. ..:,,1,; IS" I) ~~ IS" ~~ ""'L..) ..:r.1 )~ 4S ~') .~.f ~L..~ ~,;li o~,~ , .b I.,)"'U,w 

,~..:"Lo..:.:>L.. .y 'c.S1 ~ c.S~ \.S""'.i-'~ ~ ..:,,4~ .~~) IS~ ~ 'IS~ ISLA\,,; , LA~ ... w_ 

./1 .~.f ~ JI.:SI) c.Sl.-b Q,..,~ I,,)"t.> ~ ~ ($Ir. , ~ r. )lS' ~ ..:"L.....I ,6. 'IS~ 1-:-' IS~ 

u I~ ~I~ .u .a.) IS" ..:"lS:.ol 1..0 ~ .~I.:SI) ...I..L! '4-'Gu .~4 ..:. ')b.. 1S..ylS' ~,.,. .b.O.> ),h-­

c.S4- ~ ,~ ~~I ~y:U )~ c.S~~ ..:"Lo..:.:>L. ~I~ }I Jl!... \,)~ ~ .~ Jrs I) ..; 

)5 )~ J..S.a c.S))-!I..:"I~ ~ ~I.:SI) Q,..,~) ..:,,1,::...:.0 .~ j Y· ~L.:.>L.. ~I; ~I,; ) o.,)l.A:­

FNID ~~ ~~ ~ ~4 4S ~~ r"b 4S La..o ~~ .~~ o~lA:;.,..,1 ~l> ~I,..:. ,~I,; J....:: 
0~lA:.:.....1 -y'l9 J,.,) ..:r.1 ~ ..:........1 ..:,,1-* ~ J5' ~ ~ J-li ~ <li uJlh.o .,:r-I . ..\.i":' ~) • ..\.i~-r 

c.S; J..olS'..::.j~ 4l.-b ~,'>"':'4; ~~ ~ }j,) ~ ~ 6..!..O.i ~J'b ·~4,.r r.; ~~ ISLA~ 1..5 ' ... -

j,) ~ j~ , GIS ~ 4S ..:........~ I )~ . ..:........I ; ~ ,O.M> 1 ~~ ~ ~l:S1) ').l&. .~4 o~ .:...;.1 ... -

~.~ o~ rW , ,r>1 ~ .JI.:SI) ~ .:....::,b ..,.hi )~ ~4 ~ )~ .~,.:. ~ u-b- .) ~,)~ 
1o?'1"b 4S c.S1 Q,.."r,. )~ ~I,;IS" ..:,,1 jl 4S ..:........1 jL.. k , )~ ~.,) ).l J.S.o ~, ~ , vI..: 

. ~\..; 0~li;...., 1 ~ ~ \,)~ ~ J...S-r 

s~~ 

.~ ~ ~ ,~) JI.:SI) ..:.),..-:' ~~,;, o..\.ij .,)~,... ~ ~l!... ... LAk ' 

<li~ ~I, ~~I Q,..,~ ~ ~ ~I.:SI) Q,..,.J..:A .u.:-.~ k ~ ..:.;>.~, ~ ~.,rl I . 

.~\ ~.l, ... : 

L:51 . -I • - I .llA:.-,.1 "" 
ul~ Jrs 4 , (~4 , J5' ~ 'r.-) ~,.... ,~ ~L{j 4 ~ J - ~, y,..., 1..5)"-' ) 0 

. ..:........Il.-b~)IS d1 ul~ Jrs ~~) \.S""')r. sir. i+ s/f.1 ~l-A J"'~ -

I. • I' JL:51 ~ ,,-,W L FNH f 
c.S k c.Sl.-bLa! c.S ~lS c.Sl.-b ~ 'j.!., ..:..> u c.S I..r. c.S} '-:""""'~ ~'-' • .r -----



APPENDIXH 

~~~m~[ffl~ 

lJG:{]~ ~~ @» 

~ [f'l)@~{fa@ll§X~l~1 ~~ 

~@.m 

~®®lJG=O~@~v ~@ ~~W 



Proceedings of tbe 3n1 Great Asian Street Symposium 
A Public Forum of Asian Urban Design 
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FRACTAL GEOMETRY 

Fractal dimension assessment o/urban environment at the street Lel-·effor the case study of Tehran. IrtIlI 
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Abstract. Chaos and fractal theory allow the conceptualization. evaluation and simulation of complex. irregular. live 

systems such as cities. This paper intends to highlight some current researches. which examined fractal applicatiom and 

their links with urban design and analysis. It proposes a new method for physical suneys of the building forms and the 
street patterns in the north of Tehran, Iran, based on fractal Geometry. It employs a fractal calculator (Fractal software) 

to facilitate the fractal dimension measurements of Tehran urban environment in order to identify a specific fradal 

fingerprint, in terms of 'Fractal Neighborhood Identification code' (FNID) at the street level. Then it applies thc 

method to selected streets within the case study for measuring the degree of homogeneity or heterogeneity that they 

display according to their range of building types. Finally it constructs a platform base for examining more accuratcl) 

urban forms, and evaluating quantitatively urban change and development. 

I. Introduction 

Towns and cities are complex systems. They are the product of different factors such as politics. economics. 

technology, fashion, culture, climate, etc. However, until relatively recently they have not generally been treated a~ 
complex systems. The planners, designers and builders of settlements treated them as simple predictable systems to be 

ordered and reduced to its components to facilitate modeling and manipulation. 

Batty ( 1994) wrote 'For generations, architects and planners have attempted to impose a simple. smooth. visual ordcr on 

cities in the belief that such order counters the disorder and dysfunction which cities reveal when they dc\elop 

'naturally'. Klinger and Salingaros (1999) wrote the greatest creation of humanity -their buildings. eitic~. artworb, or 

artifacts- are neither simple nor random, but have a high degree of organized complexity. Chaos and fraClalthcl'l! help 

us to conceptualize, evaluate and simulate complex, irregular systems like those exist within cities. 

The main proposition of this paper is that cities' gro\\1h implies a systematic order at each level of their hierarchy. In 

th .. . d h' h d t . h the organi/lltion of the..,t: haslc umb o er words, contamed wlthm the growth process are co es, w IC e ermlOe 0\\ . 

f· b . . ". ,I ·her" subsequenth rc ... ult a unique 
o ur an development mIght repeat thetr form and functIOn 10 many sea es '" '" -' . 

. . t t . luate quantitatively Cll\ pattern, 
geometnc pattern for each part of a city. The method proposes here. IS an attemp 0 e\ a '. 

b 
. . h' ,t .. f rrns to the numerical c,ldes 

y measunng mathematically their fractal dimensions and by transfemng t elr geomc TIC 0 . . 

extracted from existing fractal pattern of them. The term 'FNID', Fractal Neighborhood /delll/ficalion code. \\ III he 

d . b h' h th' aticall'-' one could measure thl' 
cfined in this paper, as a kind of fingerprint for each part of CIty, y w IC rna cm J . ., ... 

d . . . rhood I . I fT hran's ... treet ... In "n:t1on 2.1 and -,-
egree ot compleXIty that each part demonstrates at local nelghbo c\ e 0 e .. 

. . " . ' I' h th new theories ha' ,hlftcJ "ur 
a bnef defimtlon for fractal geometry and chaotic systems WIll exp am 0\\ esc 

conventional views towards more realistic understanding of city form and function. 
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Furthennore it explains the ability of this method to explore other city's physical features h I I . 
, " , , suc as p ans. e evaltom, 

skY,lmes ... and th~ pos~lble Imk between thel~ visual appearan~e and their fractal dimension by which it might be 
typified. Fractal dImension assessments of enV1fonment, also assIsts urban designers to test the' d' rod 

, . , , If eSlgn p UCb and 
evaluatmg the level ofhannony achieved by a set ofbuJldmg combination of different type within an urban realm. 

2. Theoretical Background: 

A number of authors such as Lynch (1961, 1981), Alexander (1987, 2000) have attempted to recognize the real world 
complexity of the cities. Lynch (1961) investigated the psychological complexity of the city in terms of how people 

navigate their way around a place, Alexander (1987) sought to discover. through the development of a "pattern 

language" combining urban elements, the quality without a name that makes a place special. Bovill (1996) haH~ 
developed a design method that attempts to deal with the complexity of a place in terms of its function. appearance and 

structure, Each of these approaches has the common characteristics of trying to deal \\ ith urban places as combination 
of elements e.g. buildings, spaces, natural features, meaning and symbols, 

More recently Authors Batty (1991, 1994, 1996, 1999), Bovill (1996), Jencks (1997) and Salingaros ( 1999. 2003) and 
Cooper (2000, 2003) recognizing the complex nature of the city. have suggested the emerging new sciences of Chao~ 

and Fractals, as means of dealing with complexity in planning and design, Many of these attempts are now 
concentrating on city simulations (e.g. recent work in UeL, London) and developing Cellular Automata tools: It is 

based on the concept that, city evolution at large scale is traceable by following the sequence of changes occur in small 
scale units (cells) within it (Batty & Xie, 1994). Therefore since the last two decades. there have been a number of 

attempts, connecting micro scales to the macros, however. some followed by the notion of finding a kind of n\.;A 

signature for cities (Webster, 1995). These together with Cooper's work on fractal analysis of Oxford streets directed 

my research towards exploring fractal dimensions within the urban realm. and specifYing a kind of fingerprint for each 
urban apace in tenns of 'FNID'. It provides an appropriate tool for controlling the large scale changes in urban growth 

by controlling the changes occur in small scale units at local neighborhood level. 

2.1. CHAOS THEORY 

Both chaos and fractals describe complex systems, chaos describing the processes of changes affecting a system while 

fractals illustrating the resultant patterns. Chaos might be defined as the unpredictable behavior of nonlincar, compIc.\ 

and dynamical systems, Grace (1991) wrote "chaos" is about the study of nonlinear dynamic systems and deab with 

irregular and unpredictable behavior rather than trying to reduce complex systems to linear cause and elkct 
relationships. In addition to "Unpredictability", Glick (1987) listed "Emergence". "Self organization" .. Adaptability' 

and "Irreducibility", as some of other characteristics of nonlinear chaotic systems, All these can arguably be obsen t:d 10 

the city. In another words, urban systems manifest the characteristics of nonlinear chaotic systems. they arc argued {t
l 

have a self organizing nature; they can emerge, organize and evolve, \\ ithout a preconceived master plan. yd acros~ 
both time and space, 

One the main characteristic of such a system is irreducibility, A non-linear system can not be reduced to Its component 
parts; in this sense the whole is more than the sum of its part. Jan Walleczek (2000) argued the (onct:pt that the 

" . I' . 1-' I 'ntluence and influenced bv the dynamical mteractlOns between dependence elements at a loca mIcroscopIC C\e I . . 
. " .' t rplay bet\\een mlCw Jnd 

emergent global structurc at the macroscopic level. Through the contmumg mteracttons 10 e " . . 
, , . b'l' ddt' '1· 'taincd In a \.:It\ It meam thai II I' macro proct!sses the emergent; self-organtzmg structure IS sta I Ize an ac IVI: ) maIO . -. . ' , 

, , . . th ' I' f th ·t· The posilton 01 thai hou'l tmposslble to take the plans of a smgle house and from them deduce e tota Ity 0 e CI ). . . .. . 
, . k' deCISIons about the h;allon. 

and Its subsequent neighbors will be subject to a range of many agents In rna 109 '. ..•. 
. I I . hbo hood \e\el IS an etlectl\ C \\ a .. to 

However. the way we controls the changes occur in small scale untts at oca nelg r '. . 
4 bel ' 'f s' general C\ 01\ 109 and changtng 

control the large scale urban changes, As Batty and Longley (199) leve CI Ie, In . . 
. . . . I bid ' many scaks and ttnll." accordmg to their local rules and conditions whIch mantlest more goa or er across . 

2.2. FRACTAL GEOMETRY 
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A mathematician, Benoit Mandelbrot, first suggested the term "fractal" in 1977, he mentioned that 'a fra tal i a shape 
made of parts similar to the whole in some way' (Feder, 1988 p 11). In another words the e ' If ' 'I ' 

• ' 1" I e - Iml ant) 0\ er 
deferent scales of a fractal o~Ject. Mandelbrot (1982) argued that many of irregular and fragmented pattern around 0'. 

in the nature could be descnbed by fractal geometry. It helps us to study those fonn that Euclid leave aside as being 
formless or morphologically amorphous. 

According to Barnsley (1993) classical geometry (Euclidian geometry) provides a first approximation to the trucrure of 
physical objects; this is the language :-e use to communicate the designs of technological product and, \eT) 
approximately, the forms of natural creations. Fractal geometry is an extension of classical geometT)', It can be used to 
make precise models of physical structures from ferns to galaxies. Fractal geometry is a new language. Once ou can 
speak it, you can describe the shape of a natural phenomenon. -

In the field of urban planning and design, the discovery of fractal geometry also engendered a shift berncen the old 
view - that sees cities as simple, ordered structured, expressible by smooth lines and shapes, which describe their overall 
morphology and the disposition of their elements - toward a view that cities are complex organisms, e olvmg and 
changing according to local rules and conditions, which manifest more global order across many scale and time , Batt} 
and Longley (1994) believe not only naturally growing cities but changes in fonns and functions of planned citie mer 
time, are in a way that make them both ideal candidates for application of fractal geometry, 

3. Fractal analysis of urban morpbology 

In city ecosystems, the pattern of pedestrian and traffic movement, neighborhood decline, renewal, con olidation and 
transition will be constrained or influenced by morphological elements. Edges, boundarie , regions. eoarsenc . , 
fragmentation, homogeneity or heterogeneity of neighborhood patterns are the most important feature in both 
Landscape and urban ecology. According to the recent research, the urban feature defined by its phy ieal element .... 
better represent city identity than the one defined by its underlying social elements, For example Web ter (1995) argued 
urban environmental categories will be defined by housing density better than population density, The rca on should be 

obvious; population density will vary to some degree between neighborhoods of the same housing density. 

Fractal analysis of urban morphological elements offers a base to classifY facial pattern recognition the arne ort f 
digital technology fingerprint. It provides urban analyst a way in order to uniquely identify a particular code for an 
urban fonn or pattern. It is similar to DNA code or a fingerprint for a forensic scientist who wants to identify it o\\ner. 
In the case of city, the configuration of shapes and structures will produce that morphological fingerprint. 

3.1. THE METHODOLOGY 

As illustrated in diagrams 1 and 2, the suggested method will substantially be able to approach the obJectl\e addre sed 
in this paper. 

ProPUtit>5 of &anal & rhaos OrOI'l' idrntifiration 

MOlFholo:;ral t'rmt'nu st'lruion 

Diagram J: Theoretical stage and case sllIdy preparation 

th 'bl Itnli. \\ Ith urban m rph )10 \ 
At the theoretical stage the properties of fractal and chaos theory and elr po I uremcnt nd c\ lu 111\ n h~ 
been reviewed. It identifies those elements of the city that lend them ehe. t th me 
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employing fractal analysis software. From the information collected from this part, three different buildtn et" re 
selected to be tested empirically at stage 11. ~ 

f r3rraJ dimension ml'asUff'nlent 

Spatial quantitatR'e anall'ru 

formula~ FNID as an wban s~afun> 

Spf'rif"in~ a uniquf' FNID for f'afh nei;hhourhood 

Diagram 2: Empirical stage and data analysis 

At empirical stage the quantitative data collected by calculating the fractal dimension of urban form mainl based on 
available air maps and street panoramic photos. Several streets ofTajrish, a district in the north of Tehran, \\-ere selected 
where the contradiction between traditional organic change and fast urban developments provide an appropriate ca e 
for comparison and further analysis. A morphological urban pattern surveyed, assessing fractal dimen ion r diOerenl 
urban spaces at local street level in order to specify a unique fractal signature (FNID) for each neighborhood unit. 
The image based morphological analysis offers a language for articulating above idea. a range of preci e mea urements 
was undertaken to record distinctive forms in order to parameterize those measures. lmage texture measure will pre ent 
fine discriminations of city features that are defined in terms of built or natural environmental elemenls. 

3.2. TEHRAN AS A CASE STUDY: 

The morphology of Tehran, the capital of Iran, is the product two different pattern of growth, on one hand a fa t and 
huge expansion of the former city towards its suburbs and on the other hand a gradual organic growth of the illage 
which were around the city in the past but they are now inside the city (Figure I). 

Figure i: the sketch shows Tehran expansion in 20
th 

century. 
A) City boundary in 1890 B) City boundary in 1940 

C) City boundary in 2002 

. . . I d and harm ny by nc\\ and m xkm 
The City of Tehran has experienced the destructIOn of Its past ISua or er . ~~, It'm ( I th 

.' I h . modem IdentIty Thc mvul:m pa l: 
developments during the last century that caused this CIty to ose t elr pr - . T . ' h 1 . tc;U 10 

new constructions is diametrically opposed to old patterns evol ed during gradual organtc pr e s. 31
n 

th d·, be both patterns f grO\\ th o e north of Tehran is a good case manifested the contra Icllon tween . 
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As illustrated in figure 2 and 3, a similar pattern originated from previous organic growth ob iously e ' ists in the urban 
fabric in Tajrish repeated at different scale and size. This similar unit could be considered as a cell generator, realm!.! 

the site morphological pattern. As shown in figure 3, this proportional structured pattern was constructed b . a el~ 
similar semi-square shape, repeated at different scale and size in this area. Figure 4 abstractly highlights the existen e of 
the underlying geometrical order within neighborhood units, demonstrating fractal characteristics of urban tructure In 

Tajrish. This preliminary evidence reveals the potentiality of chaos theory and fractal geometry application in urban 
spatial analysis. 

. ~ --,. ~ ... ' : ---.. I __ 
~ 

- " 

" --­.. 
~ ';" 0-

~ 

~:.::~~ . 
0.( , 

.. ,...,."'-~ 

«;.~ -~ u_ 
~gure2 : Map of~ locate d in the north ofT ehran 

Figure 3: Similar pattern originated from organic urban growth exist 
at different scale and size of Tajrish urban structure. 

, . , , . 
• 1· ; 

,.~ --'----
. 'b . preliminary e\ Iden e Figure 4: Fractal pattern dlstn utlOn a a .' 

of Fractal characteristics of urban structure In Tajn h. 

4 U 
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3.3. FRACTAL CALCULATION 

There are several calculation methods for measuring the fractal dimension of the environment; all of them often foil \\ 
a simple logarithmic equation based on a power law relationship between the numbers of elements exi t in dI fferent 
scale of an object. 

( 1 )-1 D = log N X log S-
D: Fractal Dimension, N : Number of elements countable at specific scale, S: Respective Scale of an object 

A Fractal software employed here facilitates the calculation. The data presented in this paper i mainly ba ed on the 00\ 
counting method and Richardson walk method. These two Methods among other ways of fractal calculation ha\ e been 
fully explained by Mandelbrot (1982), Bovill (1996), Kaye (1889), Cooper (2000) ... 

Batty and Longley (1994) applied fractal analysis for measuring the level of complexity exist in the boundary f 
Cardiff and compare it with some other cities around the world. Table I contains some their result . 

Table I: Fractal dimension of some cities' boundary 

City Nalllc Y car hacwl DllIlCIlSioll 

Tokyo 1960 1.312 
New York 1960 1.710 

Paris 1981 1.66 

Cardiff 1981 1.586 

London 1962 1.774 

It was examined for the case of Tehran and the result has been summarized in Table 2. 

Table 2: Fractal dimension of Tehran boundary from 1820 to 1992 

Tehran 1820 1.322 

Tehran 1860 1.435 

Tehran 1900 1.495 

Tehran 1914 1.553 

Tehran 1939 1.412 

Tehran 1962 1.575 

Tehran 1970 1.625 

Tehran 1992 1.762 

. ks kyline den ity of built up area, the 
This method could be applied for other urban features such as, CIty networ , ' .. h h h ' II 

bits in combmatlOn \\ It I e ot ,rs \\ I 
degree of open space, Landmark distribution, etc. Anyone of these ur an e em en 

assist us to develop the fmgerprint idea. 

3.4. FRACTAL NEIGHBORHOOD IDENTIFICATION CODE (FNID) 
b . t' 1 have made an ancmpt to idl.'fltit) 

Since the new view observed cities as a live organism, some of recent ur an sClcn I Th > ugge · ~ method \(l 

a kind of DNA or textural signatures for urban neighborhoods (Web ler, 1 ?~)~ I. P::;glcaIIY t)plfil:d. OOt: 01 

develop the fingerprint idea in term of FNID by which every neighborh~ mIg d
l 

morpr budd,"o fragmentation t'l' 
be ddr ssed here t the egree 0 e the important morphological features that have en a e 

comparing built up areas to open space within urban structures. 

.' h to facilitate th fractal me 'Ufl:m nt 01 u 
Benoit software, a fractal calculator, was employed 10 thIS re eare d d· tTer nl all: and the It \\ 

. . fi t f the maps of the case ttl 10 I l: 
envIronments. The inputs are the BMP Image orma 0 f' I ' thmlc akulation \\ ill dl: '" I 

th · Then a sequence 0 ogan counts the number pixels or the elements out at Image. 

n 

4 1 
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fractal dimensions at different scale. Figure 5, is a plot the number of occupied pI'xel , " ,a repre entatl\ r built 
area and table 3 contams F(b), Fractal dImenSIOn by box counting method resulted from h ' I up , , eac time a ulall n. 

number of occupied box es 

100000 

1 10 ~oo 
(p:lxe 1 a) 

Figure 5: Number of occupied built up area in Tehran map 
calculated in box counting method 

Table3: Estimating the fractal dimension of Tehran by fixing the scale and varying the iz 
Box size 100 75 50 35 20 10 5 I 

(pixels) 

F(b) 1.484 1.592 1.701 1.769 1.791 1.8 12 1.693 1.652 

As shown in above table the F(b) is changed when the measurement employs smaller box un it (varying the iLe). The 

software calculates the average of these as the outcome which in this case would be 1.691 for whole Tehran. In the 
same way we are be able to measure FCb) for each district of Tehran at different scale. Figure 7 demonstrate the result 

when the scale is changed the scale). 

(A) 

(c) 
Figure 7: F(b) measured for Tehran at dlnercnt calc. _ , 

A) Whole Tehran = 1.691 B) hemiran. the north of Tehran = 1.~6-

4 .. 



proceedings of the 3rd Great Asian Street Symposium 
A Public Forum of Asian Urban Design 

C) Tajrish = 1.630 D) one of neighborhoods in Tajrish == I 806 
The following code created by the sequence of fractal measurement might be 'd ed' . 

'ghbo h d ID ' consl er as a umqul.: mathl.!malil:al 
nel r 00 . 

A == 1.691 B = 1.562 C = 1.630 D = 1.806 
As the fractal dimensions at different scales vary between 1.00 and 2.00 therefore th d . I be -, e eClma num rs are defined a, 
FNID. 

The results for 12 neighborhoods within the case study are summarized in table 4. 

Table 4: FNID measured for 12 neighborhoods in Tajrish 
Nei hborhoods N 1 N2 N3 

FNID 691-562-630- 691-562-630- 691-562-630-
806 791 720 

Nei hborhoods N7 N8 N9 

FNID 691-562-643- 691-562-643- 691-562-630-
672 741 639 

N4 

691-562-630-
601 

NIO 

691-562-630-
803 

N5 N6 

691-562-630- 691-562-630-
582 757 

NIl N12 

691-562-630- 691-502-750-
598 760 

As it is obvious in table 4, FNID is contained 12 numbers in 4 sections, A-B-C-D. Respectively each part demonslrall.:~. 
City ID (A), District ID (B), Local ID (C) and Neighborhood ID (0). As shown in the tablc in most cases in TaJrish area 
9 numbers out of 12 are stable. FNID for N7, N8 and N9 show the change In their local 10, in another words thi, 
implies these urban units are not belongs to the same local area as the others. The similarities and the diflerenccs in 
FNID assist us to classify the neighborhoods in a city and draw a new district plan based on morphological urban 

patterns. 

The table also shows Neighborhood ID (D section), changes within a range of 582 to 806, this can be used a, a 
controlling tool, to constrain urban new developments within certain range of fractal dimensions. This will arguabl) 

provides an effective way to conserve urban qualities by more accurate method. 

4. Conclusion 

There is a growing number of evidence to support the application of these theories, However. the evidence. cxi,h It 1\ 

based on either large city wide scale, such as work by M. Batty and P. Longely or very detailed Ie\ I.! I ot mdl'ldual 
building design, such as work by Jencks and C. Bovill. The method suggested here, intends to fill the gap hy exanllnmg 

the application of the theories at local level of the city (neighborhood scale). 

Some outcomes of this method would be: . "ha 
I d .. , b fI rms and spaces in the light III I: os 
. The paper suggests a more appropriate method to analyze an cntlClze ur an 0 

theory and fractal geometry. " 
d 'f' b understandmg the pnxes' ,It 

~. The process of urban change at macro scale can be more relevant an sensl 1\ e ) " 

change occurs at micro scale (local level) ofa city. h "I 

3 I · h' b t fractal dimension and c ardct("fl\IIC' p 
. Fractal analysis of urban environment indicates a strong re atlOns Ip e ween 

urban pattern by which different urban areas can be distinguished and typified. I 
. . ' f th . h' hical structure, thl.: same; mtln: \ ISWl 

4. In some parts of the city, where the fractahty (fractal dImenSIOn) 0 elf lerarc " 

order and hannonic urban space would be expected. 

. . . ' "th'" unl 'rception of urban fom1' and their 
More research IS required to explore the poSSIble relatIOnshIp bet\\een e' IS pc. d" h" " .... r· luld ~ 

. f rb n patterns mtroduce m t ), pat~ II 

fmctal dimensions. Howevcr, the samc process of metal assessment 0 u a 
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applied for measuring other urban features such as, skylines, street vistas, street elevations. street edges, etc where a 
combination of all will introduce the FNID idea as a more effective urban spatial analysis tool. 
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