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ABSTRACT : The present work, based in Space Syntax theoryremidodology, aims to help on diagnostic
and prognostic studies necessary to street grighplg. After a brief review on the technical apmtoes
adopted so far, and under the hypothesis that azilBan metropolitan areas, lack of articulatioantnuity
and hierarchy in street systems, large scale moveimelrawn to a relative small number of streatgnues
or roads - the study proposes a procedure to masshge the identification, in a given spatial dgafation,

of a subsystem that potentially better capturesewitbvement within the whole conurbation. Having the
conurbation degree of comprehension — a proposei@ddaic indicator — as a control variable, eachiapa
unity is analyzed according to its global and loicaégration, connectivity, topological distanceehrity
and angular incidence in relation to connected epaereliminary tests make emerge from configunaéio
large scale subsystem which reveals space hieramolfiole conurbation. At the end, necessary ctiors
and new procedures for model improvement are deestri
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1 INTRODUCTION

In 2006, municipalities included in Brazilian mgigditan areas, concluded their master plans, for
federal determination. Particularly, in the Metrbfam Region of Porto Alegre - MRPA, clear regional
development guidelines should have been providethbystate government to these cities, since adassi
taken in one of them may affect the whole conudbvati

However, without regional guidelines, local plansed out to be restricted to particular and lichite
views of the whole metropolitan territory. Regagliio urban mobility, this problem can be detectedhie
grid layout, when maps of the parts are joined ttogre Due to the lack of important street connextiand
hierarchy, relevant continuities were missed. Agsult, we have a large scale grid chosen to alldde
movement that, apparently, did not efficiently pdeveven accessibility to all parts of conurbatioMat
will certainly affect metropolitan functionality @&lde et al, 2009).

Despite difficulties, these plans were elaboratath vommunity participation. Therefore they
express a common sense about the city developmentha fact that a subsystem of the grid, heresdall
“city main street grid” (CMSG), was pointed out gciety (community and planners), make us accept th
process as a collective comprehension of spacaubedt is related to a grid through which a largmber
of people daily move. CMSG is seen by local citzes the group of streets, avenues or highways, tha
allow movement between neighborhoods, sectors aeulopolitan cities. It contains the idea of urban
expansion too, in the sense that they have in rtiachecessity of new areas for occupation, althpfagh
the purpose of this work, only existent streetskaimg considered. CMSG is also seen by commusity a
group of streets along which high densities shdnddallowed by building regulations, so that thegdiee
object of investment in terms of paving and othdities.

On one hand hand, it can be argued that urban atpolitan mobility must be approached as a
complex phenomenon. The street grid is a largemodicontinuous public spaces that allow pedestiah
vehicle movement. City structure is strongly inflaed by a bottom-up process which is the resuspatial
configuration: relations between each element wiitthe others in the system, from which other gat&mms
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emerge. Thus, configuration proprieties make sotreets different from others and they emerge asgoei
potentially better to form pathways and routes leetwparts of the city which are distant. Thereftire, way
the whole system is structured also influencesrbee or the less capacity of being understood.h@rother
hand, CMSG can be seen as a top-down process,deongi the way it is selected, in most cases, with
insufficient quantitative data, diagnostics anddation, important variables not taken into consadien,
mostly subjective aspects or particular visionthefwhole.

For dealing with part/whole problems, Brazilian m@blitan planning must take into account spatial
approaches of movement phenomenon before usingdred transportation models. Space Syntax pravide
this discussion with a theory and a methodologyt thkes account of a significant part of complexity
involved in accessibility. The spatial configuratiof urban systems is revealed or evidenced by mdps
where properties which influence pedestrian andcl@imovement in built environments can be measured
generate elements for analysis and to decisionsigadupport. Clearly, the contents that communhige in
mind when selected CMSG, are closely related togmion/cognition aspects, which will not be objett
this preliminary paper, because we are not dealirectly with the necessary theory and methodokgie
precisely investigate all factors that influencled tlecision process in each municipality.

The present study is part of an ongoing researautathe influence of spatial structuring of
Brazilian conurbations on metropolitan routes, aspmecifically aims to verify how the degree of
comprehensiveness of this subsystem (main roudeslpe measured.

2 CONFIGURATION INTELLIGIBILITY IN LARGE URBAN SYST EMS

In this section, we try to keep in mind some impottconcepts and ideas, from different authors,
that must be present in our attempt to better wstaed configuration aspects that influence spatighition
in large urban systems.

Investigation results (Tlauka and Wilson 1994; Nkagb, et al 1995) which indicate less importance
of land marks than configurational information favigation in urban environment, as suggested mchy
(Lynch 1960), reinforces our option for Space Syrteeory and methodology for the present discussion
since movement routes planning in large systems ehasndency to use paving, color and lightning
differentiation as well as landmarks and ornamémtato call pedestrian and conductor’'s attention do
supposed importance of a certain street.

The syntactic concept related to the comprehengibnurban space during navigation is
intelligibility. The following transcriptions showlearly the nature of the syntactic concept andsuesof
intelligibility defined by Hillier.

Since by definition urban space at ground levehotibe seen and experienced all at once, but esjuir
the observer to move around the system building pgcture of it piece by piece, we might suspeat th
intelligibility has something to do with the wayvhich a picture of the whole urban system canuk b
up from its parts, and more specifically, from nmgyaround from one part to another. (Hillier 1985)

The essence of urban form is that it is spatigiycured and functionally driven. Between struetand
function is the notion of intelligibility, defineds the degree to which what can be seen and erpede
locally in the system allows the large-scale systenbe learnt without conscious effort. Structure,
intelligibility and function permit us to see th@atn as social process, and the fundamental eleimextt
three is the linear spatial element, or axis. (&filL996, 171)

It is known that as the system grows, intelligifiiends to decrease. Grids of real cities natygset
more deformed, interrupted, sometimes irregulaandigg to connectivity and less probability of ¢ixig
lines linking center to the edge, what affects l@&@ning process.

Hillier (2002) analyzed a group of large cities from differentunes, evaluating, among other tests,
the presence and position of long lines in thenfigurations and concluded that only longer linesntain
intelligibility as a system grows.

The incidence of local centralities, not necesgaslated to long lines, takes us to the questia t
they might be representing a system attempt tovexdatelligibility at a local level, since, asi# known, it
is more difficult globally achieved. If this is salthough the concept of intelligibility is convedt into a
mathematical correlation, which measures and @stif the whole configuration is intelligible ooty the
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sense of movement, brought clearly in the firshdwiption, should lead us to the idea that a dyoam
intelligibility could be discussed and proposed.

Read (1997, 36) observed in a group of cities ifidfd, that integration core (axial lines with the
highest integration values usually clustered clasethe center of the global configuration), represig
spaces with tendency to high occupation rates, tdadmrespond to all spaces with high activity leead
prioritized for regional scale movement in the re$tthe configuration. He defined the concept of
“supergrid” and identified the pattern of its spa@es being similar to the “highlighted importamests
found in any way-finder map” (pp.36.08). He testmiine measures that could capture those spaces, and,
among others like connectivity and local integnatifound that the measure of choice, once choiqe mase
a tendency to highlight continuities in the axiapncould be a good model. In fact, he succeedattling
supergrid by calculating new integration valuessidering the values of the connected spaces aigddi2
or 3. The obtained output - integration gradienpmavhen selected for 10 and 25 % values - higteigjthe
supergrid spaces. Read’s investigation made usesttsl in measuring the intelligibility of the igtation
gradient map, in 10% of the most integrated spaemrted as having captured supergrid spacese thos
better distributed in the whole configuration ataining a great amount of through movement.

This brief reference leads us to the idea that lgeppght be organizing their routes thinking in a
higher layer, with the tendency to “forget” shomdafragmented spaces, frequently confused and
unintelligible in many Brazilian metropolitan aredsghly deformed and interrupted grids, and opegat
mentally in a higher layer with supergrid spacésol would this subsystem have its own intellitifiji or
what definition and model could be used to evaltia¢edegree of comprehension of a large urbanreygste

3.THE EMERGENCE OF A COMPREHENSIVE MAIN STREET GRID

Space Syntax model describes spatial configurdtiomugh the axial representation and the
group of measures conceived to evaluate topologoaperties and correlate them with social
phenomena. Axial lines are the elements able tauoapthese properties. However, some
researchers have improved this tool and obtaingdrieorrelations.

The axial representation, and the measures defiivedit, has been proven to be successful to sthdy
social and cultural roles of space, particularlytfe evaluation of the impact of spatial configioma on
pedestrian and vehicular movement patterns, leselso-presence and co-awareness, which have also
proven to be relevant for the analysis of urba@sséind buildings, and the evaluation of design gsals.
Indeed, many designers of today take all the kndgdeand expertise of space syntax community to the
drawing board as an important tool for design denisnaking. Recent studies, however, have revealed
some limitations of the axial representation (Pépenal, 1997; Turner, 2001; Asami et al, 2003}t&ra
2001; Thomson, 2003), even though acknowledgingratsustness, mostly in its association to the
analysis of movement patterns and the probabileiicelation between configuration and the pattgrn
encounters.

(Figueiredo & Amorim 2005)

Figueiredo & Amorim (op.cit.) developed the conceptcontinuity lines” based in the fact that the
construction of axial maps often contains individiméerpretation, particularly in representation cefrved
and sinuous paths. The authors say that commore séten recognizes these paths as a continuousfline
movement, despite being formed by a sequence e$ lif sight and that the standard axial representat
breaks these continuous lines into a set of shemiential axial lines, misrepresenting importareient
global properties of the spatial system. In oragepbtain continuity lines, axial lines must be amgmted
under criteria. The angle of continuity is the ffiperameter. Tests for several types of urban gnidaazil
and USA suggest 35° as the maximum angle. When adps are gradually aggregated, continuity lines
emerge from their grids revealing long curved amndicgus paths, which seem to assume similar position
the configuration as the pre-existing long axiae§. As a result, a clearer hierarchy based onldingth
become apparent, mainly within organic grids, bisb awithin regular grids. Such effects lead to the
investigation of the relationship between metrid opological (configurational) properties, accoglio the
researchers.

We have tested the syntactic measure of choiceedoifsit would be able to capture CMSG in
Esteio/Sapucaia do Sul/S&o Leopoldo (MRPA) conigbatince the model could be more representative of
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a highly deformed grid with low mean integrationdawhere there are few possibilities to go from one
neighborhood to another, or from one municipaldyahother (Ugalde, op. cit.). Let's remember hoig th
measure works: for all pairs of possible origin aw@stination locations, shortest path routes froma ®
other are constructed. Whenever a node is passedgth on a path from origin to destination, its icko
value is incremented. Thus, frequently used noaes high values, while those that fall on fewehpatke
low values. Many researchers have noted choice séeine a more intuitive model for movement tham th
traditional space syntax measure of integratioog@ting to Turner (2007).

In the occasion, with no axial line aggregatiorsules were not considered satisfactory and were
below the ones obtained with integration gradieatied (Read, op.cit.). Only 39 out 276 CMSG spacesew
captured by the choice measure, in S&o Leopoldoexample, and the intelligibility of the 78 choitmp
value axial lines was 0,2051 (r?). Aggregated linesdel is now applied and results are presentettit
section.

Turner (op.cit.)suggests that, according to cognitive scientifis,angle of turn in urban navigation
has to be considered in movement analysis. It bas Iproved that people tend to minimise angle tdsvar
their destination. He proposes the axial line sedai®n in order to evaluate configurational prajesr
weighted by metric and topological distances asgedito angular turns. In this sense, he improvece
measure and formulated what he called “angular é&twess” where journeys with the lowest angular cos
for each possible origin and destination pair gihsents are computed.

Van Nes (2009demonstrated how a main route network through atdiden urban areas can be
calculated in DEPTHMAP, software developed by Turmembining angular choice (geometric distance)
with topological distance. Applying different radit was possible to identify and distinguish more
traditional grids from the modern ones. The resesralso wanted to know if Randstad (metropoliegian
of Amsterdam) spatially functions as one metropdlig verified that although Amsterdam is locatedhie
edge of the metropolitan configuration, it stillno@ntrates integration, under a topological ansjyas well
the highways linking satellite cities.

4 PROCEDURES FOR THE IDENTIFICATION OF A METROPOLIT AN MAIN STREET GRID

Conurbation reaches 14 municipalities of the widétropolitan Region of Porto Alegre - MRPA, in Bilaz
Its population reaches more than 3 million peofileoncentrates 36.40 % and more than 40 % of dilee/
Added, in only 3.4% of the territory of Rio Grand# Sul, the
southernmost state of Brazil. It is located by Lakeaiba and is cut by
Sinos and Gravatai rivers, and other importantksteghich also influence
its territorial occupation, as shown in Figure 1. Rs210 |
Based on the criterion of conurbation, minimizatioh "edge
effect" (Penn et al. 1998, 61), and non existencsignificant altitude
differences, a subsystem of Greater Porto AlegrBRI¥), corresponding
to three satellite towns, was selected for thegmiestudy case: Esteio an
Sapucaia do Sul. The edges of the subsystem dreSiras River (west),
Sapucaia Creek (south) and the limit of dense omp of this gk3sh S A
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see the fusion of grids between Esteio and Sapacaul and main stree  “. .

grid conflicts inside circles (Figure 2). R et
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present study but also the whole MRPA (Ugalde 2008alde and
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Black circles were used to point ot
some problems which denote how the wi
space is being structured, and, as
consequence, how its accessibility pattern
affecting the global understanding of tk
system. The axial map allows som
comments about it, as below.

The linearity, connectivity, length
and relative position of BR-116 resulted i
high integration values to this group of axii
lines and consequently a considerable traf
flow. Nowadays, although well connectet
along its parallel lanes, it turned out to be
true obstacle which is also affectin
comprehension of the west side of tk
“wall”.  This becomes evident wher
Sapucaia do Sul does not prioritize ar
space to conduct local traffic flow to the rest
of the system, as it was done in the east sideigure 2 Conurbation sector and main street
of the highway. Although occupation of thatconflicts
part of the city is limited for being close to
Sinos River, we observe that Esteio, under the sarmemstances, in fact made that selection.

The southern border of Esteio happens to preserbnditions to configure a set of axial
lines to better integrate this sector to the réstomfiguration. On the other hand, it seems that t
staff and citizens who participated in Esteio Magtan didn’t have in mind the necessity to solve
large scale movement problems in the east parorfiguration, not only expressed by the lack of
necessary alignments in east-west direction bt fals not recognizing two of the few long lines
coming from Sapucaia do Sul and interrupted iniBgtritory. By the way, the fact that RS-118,
another highway well connected, but not so stromglgnanded as BR-116, is relatively closed to
the important Luis Pasteur Avenue, the formal bityindary, seems to cause such a confusion in
the sense of territoriality of both communitiesc#in be verified by the lack of connections in a
considerable part of the formal limit between the tities.

The way low-income population informally settledtive north east part of Sapucaia do Sul
caused difficulties for the community in selectsmpces to maintain linearity in CMSG. However,
what calls our attention is Valdemiro Machado Avemot being selected. It is, in fact, a long line
with high local integration value and also has globmportance, besides being close to Séo
Leopoldo expansion areas.

The investigation consists in testing choice meagb# of highest values) in the aggregated lines
map (B) - continuity lines model - and compare lssio the ones obtained with the conventional laxiap
(A) as showed in figures 3, 4 and 5.

Before processing axial maps with MINDWALK, softwadeveloped in 2002 by Lucas Figueiredo
de Medeiros, from Federal University of PernambBcail, they must be revised in order to avoidvitl
rings”, resulted from unprecise axial lines crogsinwhich don't let lines to be aggregated in widegles.
According to Figueiredo & Amorim (op.cit.), 35° wiee angle adopted to join axial lines in contipliiies,
due to consistent correlations obtained with mowv@rflews in previous investigations.
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A considerable number of axial lines were highigghin the continuity lines map when choice
algorithm was processed. Most of them in fact poad to CMSG spaces of Esteio and Sapucaia do Sul,
what turned choice measure out to be better repradee of CMSG than other measures tested before
(Ugalde et al, 2009). However a few spaces welleledti out, what suggests a field investigationctzeck
real movement and local factors. Since the choiediguration is similar do CMSG, it was detacheonir
the global configuration and had its global intéigrmmeasured to be correlated with its connegtivitere,
we take Hillier's concept and measure of intellilifyp because it should reflect the “the degreemuaich
what can be seen and experienced locally in thesyallows the large-scale system to be learntowith
conscious effort” (Hillier, op.cit.). We propose ¢all this “higher scale intelligibility"comprehensiveness,
as a result of this procedure. If correlation issistent (r2>0,60) it becomes possible to thinkaams the
argument that one is moving through a compreheriange scale grid, emerged from a low intelligiyili
total grid. That is the case examined so far. Bses a whole, has low intelligibility (r2=0,120&cording
to Table 1, but its CMSG has a much better commrsitieness (r2=0,6255). The same did not happen in
Sapucaia do Sul, where comprehensiveness didrpassir0,4132. There are some possible explanations f
that. First of all we can say that Sapucaia do@UEG comprehensiveness depends on Esteio large scal
grid because conurbation comprehensiveness hagharhindex (0,6023). While Esteio CMSG, although
deformed, tends to orthogonality, in Sapucaia dbtlSe subsystem tends to assume a radial morphology
with indefinite rings though, specially affected ioyerruptions caused by the rail road, which imieahat
eccentric in Esteio. Another reason by which céntrain street rings cannot be completed in Saputaia
Sul is the irregular occupation of the northeast jo& its territory with low income sudivisions. fat
fragmentation and depth increment make that partaoffiguration unstructured. At least three streets
become options to compose the larger ring.

In conurbation continuity lines map processed bgiae algorithm, we can observe some CMSG
spaces highlighted in municipal systems which arepresent any more. Conurbantion Main Street Grid
(CoMSG) might be representing a higher scale mowemed. This process seems to be captured by ehoic
measure. Conurbation colored choice map show gl&aelimportance of the RS-118 as a main routendei
central and well connected, its role is superioth® one played by BR-116 (federal road) in thitaeof
RMPA, which happens to be more peripheral to thenmemed system but still important because of its
parallel lanes which connect local streets. Anosgedrof axial lines which emerges, after line aggtien
process, is Presidente Vargas Avenue, in EsteimedaMaua Avenue in Sapucaia do Sul. For being
constructed along the rail road, they have widkeation angles and for going through both munidtjes a,
what makes it work as a real metropolitan pathway.

Tablel : Syntactic Measurements in a sector of MRPA
Axial lines (AL)/Aggregated Axial Lines (AAL)

SAPUCAIA

MEASURES / TERRITORY ESTEIO DO SUL  CONURBATION
AXIAL LINES
TOTAL SYSTEM -AL 908 1426 2334
TOTAL SYSTEM -AAL 753 1265 2018
GLOBAL INTEGRATION MEAN -AL 0,7801 0,8723 0,8347
GLOBAL INTEGRATION MEAN -AAL 1,1336 1,2882 1,3025
SUBSYSTEM COMPREHENSIVENESS (r?)
CHOICE -AL 0,3127 0,3833 0,2252
CHOICE -ALL 0,6255 0,4132 0,6023
CMSG* AL 0,2563 0,3337 0,1794
CMSG* - ALL 0,2446 0,3568 0,3052
TOTAL SYSTEM INTELLIGIBILITY. (r2) - AL 0,0942 0,2135 0,1030
TOTAL SYSTEM INTELLIGIBILITY. (r?) - ALL 0,1207 0,1853 0,1416

*Connectivity limited to subsystem axial lines

1021



5 EVALUATION AND NEXT STEPS

Intelligibility have the tendency to decrease ad teban systems grow. Despite being large and less
intelligible, people keep moving within them or femcouraged to move through long distances aiged b
technologies as motor vehicles, for example. Ifyte so, conurbation grids, despite being highlfpdeed
and interrupted, as in Brazilian metropolis, pregdgome configurational information which allowrtheo
navigate between distant places. At this momemty thught to pay attention to another space levieis T
information, we argue, is in a higher scale griceegad from the whole system and should be meadiyred
its comprehensiveness. Highly comprehensive lagesgrids achieves global integration itself well
correlated with its own connectivity. It means tludher spaces or axial lines from the same or amil
hierarchy cross it with some regularity. In thisse, continuity lines model is fundamental for tigigproach
because connectivity of long pathways composed égynaeflected shorter axial lines would be affe@ed
most of it would be restricted to the extremiti@3. (Being aggregated, lines, besides better repiiege
urban routes in large systems, connect to a majotber of transversal spaces bringing better cdivaks
with line integration value and, consequently, d&retomprehensiveness. In the tested system, regeiesin
favor of this argumentation.

Specially in Esteio and in conurbation, choice etweenness happened to be an appropriate
measure. For having it captured most of the CMSG&G@DMSG spaces, the test suggests that local pkanne
conceived reasonable main street grids. But weldramk why such differences between choice and CMSG
comprehensiveness according to Table 1. The expbanaan be in those not captured spaces. Planners
elected some routes formed by axial lines conneatetbsed angles, sharper than 35°. Discussian frow
on must be about those spaces like Jodo Pereivamdms and Rubem Berta avenues, in Sapucaia do Sul,
built to supposed high traffic flows, but syntaatlg not indicated for such a demand.

Next steps on the present research will be testingnfluence of metric distances on selection of
routes, aided by Turner DEPTHMAP. After a deepecussion of the results, it is intended to have the
Greater Porto Alegre investigated as a whole, wherill be possible to register and analyze the eaece
of another group of lines in the space and scaetihy.

The present study describes an investigation gt/ by the perception that, in Brazilian context,
public investment decisions for the territory aa&en with low conscience of space as a real andreti
variable as well as of their effects on every ddyan life significantly expressed by movement. Glodr
regional planning has been rejected by localistiots of view. Esteio and Sapucaia do Sul, neigluitas,
actually a whole sector in Metropolitan Region @irt® Alegre, elaborated masterplans restrictechéir t
boundaries without exchange of ideas and knowledgaidgout global consequences. Not being awareeof th
complexity involved in this issue, metropolitan qmhéng agents try to approach it through a top-down
process about which our work intend to discuss.
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