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Abstract

Highrexoliiion airborne Laser scarmer {Light Detection And Banging) dila in corgunction with high
resoliction airborne multlspectral aptical data kave been ured to extract buildings and roads in saban area.
The peometric characterisiics ke shape of hildings wud roods have beent wted In the featine extraction
paper discusses aboid the aAomatic odraction of shape, height mid length uring geometric propeyties of
Bnelliinge condd roads for their recoprdfion aud reconsiriction. The new spproach follerwed hee was the uee of
Laser rconner and mullispectral data In combination rather than indzpendemily. Daota fillering techmiguss
werg applisd io segmemt the bulldings. For adraction of roads, Gmisviom myraeeid ond edge delection
algorithm were gppiied fo exirget contre e ond rosdside parallely of rogde. The scooecy of duilding
extraciion was about 9% The approach presemied here har advantage over moomal Interpretation of
Inididings ar becaure 220 buildings owl of 231 were detected through auwiomatic approach wiserear hrough
vizsual inferpretation only 20! couid be detected. Road length estimated threwgh the analyris i 10,166 km,

The stucdy indicaies high poiential for edraction of compiex uildings and road network In an wban
emvironnrent with hiph cectmacy in cost effecthve prannery.

L Intradoction

The adrbeene remotely penged hiph-resohmtion
products like gerisl photos end mmltiepeciral dets
have been widely used fo map snd identify eanth
surface fagtures tn rgral, foregsd and urban aress
for mamegement mmd development plenming
Auntomation is important to generste snd updebe
Informatien In & cost affective menne especially
mepping for large lmdscapes such 85 whan The
latest information on dhe nrban fexhres i required
T & varloty of reascne and wpplicetione and most of
the wrhem coosystem are dymamic (Oliver et sl,
2003). Airborne Laser scarmer data hes heen used in
modeling for the meconstrnction of man-roede
objects, which may be LOmther need In verions
application areas smuch as virlml reslity, tele-
presence, and power line distibution ploming,
whan plamming, cic. {Stemos and Allen, 2000} end
enhancement of whan environs throngh urhen
Torestey plaming e well (Singh, 2001). Hetce thee
i grest 8 potemtial to develop end nse sutometic
moethodolagies to axtract feetnres from remotely
sexrved Itnages,
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The antomatic extraction of buildings and rads hee
been attempied either on multepectral deta or on
Larer scanner dmim. Efforts have heen made to
autcamate  peve  of thege processes, wluding
reoonatroction of coame 30 geomefric models,
mainly &t the level of iildinge (Collins <t al., 1998,
Cocap awd Teller, 1999, Mass and Vosselman, 1999,
Morgan md Tempili, 2000, Stwinke md Voegtls,
2001 and Dash et al, 2004). Building cxiraction
techodkques vaing rectlliwes hypothesls haove been
developed {Shufelt, 1999, Novonhs and Nevstia,
2] end Peng and L, 2005) wring monoculsr
aerlel imeges. Zhom ot al, (2004) have nsed Laser
scammer daie fo generaie true orthoimages in urban
ares with tall buildinge. Howewver, due éo density
ud complexity, the eutematic or sem-aiomatic
recognition of complex tuildings in when arcas is
ptill difficult and iz the snhject of cument research
(Petsg and Lia, 2005). The shapes of mooflops vaty
from simple rectangles to unrestrivted polygons;
however, az the complexity of rooftops increases,
the coamprtation requimed for meoftap hypotheses
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roctilineer rooffops heve boem medeled by =8
collection of rectangnler componentz (Moronha mmd
Nevatia, 2001) or by eimple blocks with gable
rooftops (Noronha, 1998} ea these simpler models
can he derived with a ressommble smommt of
compatation, It s baged on the sseumption thet o
the extraotion of the main ridge were not possible
nring Laser rcanner data then it would also not be
possible to extract the finer elements of the mof
gtructure. However, for the extraction of bresk-lines

extraction on reduced resohution snd exiraction of
edge was mergad develop to exiract the road naing
dote fosion wchnigues fellewed by the road
resolntion image, The separation of oljects wsing
colom infre-red image sinplifies the detoction
scparation of men-made objects from vegetation
{Haala and Wahher, 1999), Steal and Barr {2001)
beve psed the combinstion of Laser scemner and
multispectral datn for extracting building-scte. In the
present pindy nmltigpecteal data based Normaliced
Differance Vegotation Index (INDVI) has been nsed
for scpamation of vegetated mnd non vegetated cbject

after threeholds (Singh et al, 2005). The
mbmhonufmlh.lpwmlmd[mmdm
have been maed to eeparate buildinge and roade. The
stndy was undertnken 82 & part of NATSCAN

project, which is part of Buropesn Highscan project.

2. Budy Area

Sindy mres ia part of Engen city' Leke Constenoe
gitanhed in southen part of Germany. This is one of
thres zitee chosen in NATSACN profect to esteact
man-made objects. The other two sites bave netnmal
gyatems like forcetx and monmtaine. The most of the
areg iz plane ghd pome s Ip memgttaineus, Tt hag
about 50,000 mhebitents and is located between
B*4531" to §°54"23" E longitndes and 47°50°55 to
48°03'10" N latitnde, Town is in middle of the
voleenic landscape called Hegau, fiomous for unmique
with some hilly arese,

3. Misterisl and Method

Laser pcannwr and naltispectral optical datuset were
recorded in May 3002 by TopoSys Compeny with
their FALCOMN system. The need lager scanmer
device i3 & discosts retumn Lager scamter systetn. [t
regords the first end the leet pulse of esch lmser
beamn sinmiltanconsly. The data were availahle after
pridding froem the oupany, The Laser scanner
senser congists of 127 fam-formed glasa fber cells at
the inet and st the ot gide. Another call is vsad
fir the calibeatlon. The anpls between the cells
amomnts 2mmad. The lager light is sent off with an
angle of 1mrad This means, that the fhotprint hae a
diamets of 1t at o flight helght of 1000m The
senaor device consists not only of the Iaser gcammer,
but containg a digital line ecanmer. | is ahle to
moord Red, Groat, Bluo end Newr Ludia Bed dats.
Eech scen line hes 682 pixel ot a resolutiom of
0.53m o 1000m enrvey height The waws lengthe of
the channels are 440 — 49om in channe] 1, 500 -
580nm in cherme] 2, 580 — 660om in channel 3 mnd
TI0 — R¥0nm in charwel 4 (Obiver ot al., 2003).
Totel stndy erea comes under 492 rows mnd 3016
cchom of 1eeer searmer mnd multi-epectral dats.

3.1 Data Filiering

The fillering process o scgment the hinldings from
ofher nnudesited objects hae two sheps, First step i to
make toemalised Digitel Surface Mode (nDSM)
ueing Laser scanner dets amd the second slep & to
prepare vepgetated and non-vegetated map based the
Normalised Diffrence Vegetation Index {(NDVI)
image from a muMigpectral dets. Digitel Surface
Modsl (DSM} and Digital Terrain Model (DTM)
wore mocuwred from TopoSys Compeny. The
scgmentation of larer point clouds ie done n order

Ptomedy ErtmetonofBmims snd Eoeds wmgl ombme ton o £ farbo me High resolofion Loser 3 cmer and Mnlispects] Deta




t© use them in extraction of man-mede and natursl
objects. The scgmentstion i@ mandatory to
differentigty betwsen diverse objects in 3 scene,
Exirenocus objocta such as trees or eny other object
sbove the gronnd thet docs not belong to the
category —"building' is detected and reownved fivm

the soene.
1.1.1 Step 1; Normalived Digital Surfoce Model

(AD534)

In Lascr pcanmer data acquisition, firet and Iast pulse
of wmach lager beam is recaded sirmtanecusly, The
fmat retum pulees mre the one which vcontsina
refleciance from ohjects mch aa trees, care and
buildings and thus have more noigs (Figure 1),

while the lest return pulses sre from noo-penctable
objects like ground (carth mofsce) (Figoe 2).
Therefore, each laser vector will have two recoeied
heights: the first return pulse and last reborn pralse.
The two different heights for a larer vector indicate
the presences of 3 panetrabls object auch as a tree, In
contrast, if the deta point hes the ssme height for
first and laet rebiomn then this point belonge to 2 non-
peteirable object. The firet swp is to compuis
normalised Digital Surface Model {nD8M) baged o
the difference of firet retom pules Digitel Sorface
Model (DSM) and last retum pulse Digital Terrain
Model (DTM). The difference DEM and DTM is the
height of the obhjects ie. nDEM (Weidner, 1997,
A, 2000, and Oliver et al,, 2003} (Figure 3},

Figure 1: Digital Surface Model {D8M) of Engen town based on Lager soarmes
dats with firet retom heights

Figure 2: Digital Terrain Mode] of Engen toem hased on Laser scannes
dots with last return hodghty

Figure 3: Normalized Differential Surface Model of Engen town based on Larer rcanmer
data with ropmal heighte of the ohjscts
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3.1.2 Step 2; Normalived Difference Pegetation
Tredex (NDV]) Image

Standsrd NDWI algorithme and binery fhreshold
histogram were vsed for separation of man-tmads
red channels were oeed to create NDVI image
(NDVENIR-R/NIR+E). Fist, the relatvwe
histogmm of the WDVI image wes determmined.
Then, relevent minima were eximcied from the
hkwgmm.whin:hmuudumﬁ:ra

wilh:Gmssim.'Ihcmuksimmmlugndnnﬂl
there i¢ only one mimioumm n the smeoothed
Threahold limits 051 were sutomatically

histogram.
extracted fivin the histopram of imags.

3.2 Building Extroction

In nrban envircennent. boildings are indermixed with
trees, water-bodics and other feahures, which may be
separated by noads, lanes, hlanks or meay not be. The
emttacton  procedue  imvolvwes  detectlon  and
exclogion of natumel features such aa trees. The type
and quality of object description depend on the
ohjectives. Here, the busic objective was o detect
mnd ‘reconatruct’ buildngs n an whben erea. While
doing o, filwring is the firet step to identify

likgly 1o be detectsd amd sobsequently exteacted,
The procedure besically nscs laser scanming height
fmage snd spectral information of the multiapectral
irmges, Dioring pre-processing, step-wise elimination
of cbjecie other them boildings, ia camied out
Vegetriion area wae extracted in the nultispectral
mgs by applving theesholds on WDWI, The
algorithm reduced domein, which i reduee the
definition domain of the Inser image to the indicated
mogiony, The new dedinition domeadn wag calculated ag
the intersection of the old defmition domsim with the
region. The new definition domein can be a subset
of the region, In this processes the sizs of the mattlx
was not changed. Thiz algorithm was applied on the
laper image to ensble climination of vegetstion.
Some of the sepmesnation technigoeer soch as
mee of nmiltispectral infersnce have been tested
{Brunn and Weidner, 1997; Musgs, 1999, This was
followed by a refinement procedore by applying
morphological filters to get the desired nesuit
Bectunples are ceatod mound each building, which
were extricted in et step. The obieined mof planc
iz need further for hnilding reconstruction. Figuare 4
ﬂmhﬂwﬂwﬂﬂehﬂdﬁgm
pmH&I.EDdeHDﬂdq: WETES
ngad for the regults. Thres stepe: (8) bin
threshald, (b) morphologicsl filter and (&) rectengle

plgaritrn provided m HALCON software. gmﬁmuunmmhmdmbm]dmgmmn,md
Ak pren e
Combining M5 and nDSM [ wumm
FHmplnlnﬂulHMltEﬂp L2 pepwantnd boikling ohjoct
fetootion Filer
) &
Boxetfing, hoflding nlgact
Eximeicd Building

!

Figure 4: Flow dingramme: for boilding extraction using Laser and MnlGispectral detasct
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3.2.1 Bin-threshold

The process of binary threghold (Bin-threshold)
pegmenis 4 ginglechannel prey valne image wging
an gutomaticelly determined threshold weloe. At
firwt the relative histogram of the grey valnes is
detarmined, Then relevant minima are sxtracted
from the hisiogrem, which are msed 88 parameter for
a threshold operation. In order to reduce the mundher
of minima, the hiswgram Iz smoothed with a
Geussian filter (Mvtec, 2002). The mask wize of
filter is anlarged until there is only one miniomm in
the smoothed histogram The selectsd zepion
contains the pizels with grey velnea from 0 to the
mininmans.

3.2.2 Morpholagical filier operation
Two findamentsl operations, dilation and srosion

are conmnaonily mmployed to enlergs of reduce the
gize of 8 feahmwe. In the contmpous case Minkowaki
addition can be thooght of &2 way o grow the
menbers of source set by & method of prusdo-
comvohition. Minkcwiki Subtraction, aleo known sz
Erosion, consirts of applying the sructoring element
atd slding it sbout the source hwege fust as In
Drlstion.

LA, B sets (of vectors):

o, b vectors (which indicats the interiar of image
obiects)
Abm {a+b | a ed} translatlon of A by b

Aem {a| a gA} complament of 4

Then ABBm {gth|acd b eBl=udb
Minkowski sot addition of 4 end B eeln

beB
AgBm {x|x—becd becBlmrdb

beB
Minkowki sl subirwcilon of B from A

A closing and apening operation hag perfirmed
after Minkowilki subtraction.

Ag=(A68B"@E Opening of A by B
A #(AB o8 ClosmgofAby B

Opening and closing ere also dusk: i.e, A7 wf(4%%]°

Inn the abowe discnesion, hoth the sete A and & are
equivelent. Howeover, in many cases, 4 indicates
ierget image and ¥ indicates a small figure that dees
the role of filker window, In thie cage ¥ is called a
stuchoing  obament. Eroslon rectmple applios
crodion to B rectEngular struchring clement to the

input regione or image. The regione contmining
amall comnectng girips hetwemn largs aress v
scparsted and logically these remain 88 one region
Erosion is definsd ae ABB {p | B + pc A}
{Gonzabez and Woods, 1992, Dougherty, 1992 and
Hmhdr,lSIB'}") Ermmnm:llnmuhrmhngufﬂ::

complexity, while the width doea not enter gt all
Thiz leade to excellent mmime efficiency, even in
the cass of veey lurpe rectangles (odpe length >
100m). Let B be & gct In E" Then ABF = {\AA+D) |
be} or AP B = { AntH)| & € A} {Gonzales and
Woods, 1992 and Dougherty, 1992}, Hexw B Is the
structurmg  element The wymbol € indicates
dilation of A by B. Dilation sxpands the chject if the
ortigin i in B,

3.2.3 Rectanple gomeration

For petisrating o rectangle mound an object fest of
all algorithma “smallest rechmgle” 0.5 meter i
applied, This algorithm generated the position of
objects, which helped to penerate the mctangle
aromnd that nh]mt. The operstor determines the

contained im the region. To determine the centre of
calculated, Obtained parameters fom the smalleut
rectangle are used to genemnie rectangle aroamd the
region. The opemator recluonple gencrates obe ar
more rectangle with the ventre {row, colunm), the
orientation Phi and the half edge lengths - Lengthl
and Length?, The oprientation ix given in are
mesame Bnd indicsies the sngle betwoen the
horizontn] axis end Lengthl {mathemetically
pogitive), The co-ardinate system rune fhem (0,00
{upper left comer) to {Width-1, Height-1) {lower
right). Arca of each rectangle and each regiom is
calculated for obtaining maxinmm fit rectengls to
the ares,

3.3 Road Extraction

The spproach for sutomsted road extraction bas
three mein sammmptiona. Esdier stodies heve shown
that robuwt detection of roads in a variety of
environments requires multiple detector to be used
parallsl edpez and o 2 larpe eoxctent homopeneons,
'lhummﬂmtﬂ'rmdmihanmgﬂmupmﬁm
en axiz of the dets then both rosdeides will be

approximately parallel to the axie,
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Furtheemors, roadeide is aspumed to have sirmg
edges in the mage and the grey values sloog e road
axis can be expecied to be more or leaz constant.
The fondamental idea of thie approach is thet hoth
roadsides are expocted io be near the axie if the dats
correspond to 8 road in the mage. Thuox, the firet
step congigts of searching of two sirangest sdpes on
both sides of the exiz (Steger e &l 1996).
Following steps arc followed for rosd extraction
(Pigore 5).

3.3.1 Extraction of road in low-resolistion wring
high-resolution image

At low-resolution rosds can be modelled 85 & line
that ia brighter or darcer than their aurreimdings doe
o high contrast. Hence firgt step 10 extract road
muomatically in to extract 8 line The Goms
myramid algorithm i applied to the original serial
brwges and! or nDEM Imape 1o reducs the imege by
g facior chosen moch thet rosds in reduced imsge
hecome five to six pixels wide The scale by which
the next image will be reduced is detrmined by the
puameter celled ‘Scele’. On this image, 8 line
Oman algorithm is need for the line extraction.

3.3.2 Extraction of road in high rexoiution data

At high reschdtion rosds are samimed to be relstively
homnogensons replons i the ifmege thet have
gignificamtly different brightness valoes than thefr

guroumdings areps, Hencs it asqumsy that roadside
can be detwtudby ‘edge extraciios’ algorithms,
Following algorithme from HALCON were nred for
ths road extraction,

3.3.3 Edge devection
I conde to find oot the two stronpest edpes

which heve g linvted distance to the spproxirmuied
ORI,

Separsted mammade chject a , BEdge image
imege + Lasst scanty: t
Edge polygon
l Pamlle]l road cdge genevation
Central road line Genemtion |
Makwtpmaldond | L Extra parsllel rosd Generstion

—p e

Figmre 5: Flow diagramme of Road exiraction 1sing LASFR and Multigpectral data
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3.3.4 Perceptual Grouping of Parallsl edgss

One festore, which is cheracteristic of roads, is the
paralleliom of oppogite roadsides, Thereforw, the
next step o the rosd extmction process i to
constract relstionship of parallel polygon. Te be
camgidered into this relgtion, Hne psgments have to
fulfill seversl criteria. Rosd ‘paralisl xid
algorithme from HALCON eoftware is used for
exgmining polygmne pagsed ih above operation, The
resulting pamalle] polygone are rehomed 2a Parallels.
If ihe parameter *Meargs' ie get to tnoe’, the adjacent
patallel polyeone are retmened i & single perallel
relation, otherwise, one pamlle]l relation ia retmmed
for each pair of parallal line cegmems. Whether two
polygon eepmwnts ore parallel depends on their
distence, & maxirmom ellowed mgle difference
(Alpha in radians) and & minimoem laagih of the tevo
polygon segments, Purthermore, the twd sepments
heve to overlep. As a “wide cffecy”, B quaelity Dector is
calenlated for each pair of parallele. Tt is hasad on
the normelized angular diffseence and nommelized
length of the overlapping area:

3.3.5 Belection of homovensme area befween
paralisls

The next step is to examine whether the area
botween the paralldl line sogroseds is homogatoous
in the direction of the centre line belween them.
Dnlypuﬂlﬂshnmgnqlﬂﬂyﬁdmlqu&nn
ypectiled me cxamined. The ‘“mod parailel *
algorithm performe parallel crozs sections one pixel
apart, and parallel to the line esgments in dw ares of
orerlep betweet two parallel line segnnerrty, In the
firt fterstion, the meen grey valoe for esch of the
linee in the croas section is calonlated. In the sacond
iterstion, the stendend devistion of the grey values
along cach line ix computed. If the mean grey value
of an area between parallele liex in the imterval oof
mmmmdmwmﬂ:fﬂmmoflﬂ
gtanderd devietions ia smaller then the opper
threshold, the comeeponding parallels are retnmed
89 madifiod pamllels. In 8 second step, sll polygon
scgments  edjacent io  pamllels  bordering
homopgensone arsas ars checked for homogensity,
To do 20 & rectangle having the width of the last
arce enclosed by & modified parallel is constructed
and checlesd fior homogeneity veing the alparithm
described above. This process is oontinued a9 long
ag there mre adjecent polygon scgments. The
polygone ihus fomnd are retomed a5 exhendad
parallels in Exira parsllels.

3.3.8 Combining road segmentz

Comlzine road" algorithmm combines roads obteined
from tero different reschition levels. The algorithm

aclects only those owpuds, which mmhsally supports
each other in both resohrtione, The basic steategy in
thia siep is to ke the result of both levels to atart
the processez, paralle]l lnes that enclose a
homogensoue arsa of the high-regohmion leval wrill
be gelected if a oenterline of reduoed reaclution level
will ocour between these two parallels.

4. Remull and Discusslon

.1 Bueildime recopgmition snd exéroction

Yalowe alpoeithns wers wsted fir the building
cxtraction in wben arcae wsing Laser scarmer dats.
However, it ie observed that for extracting huildings
bath Laser scanner &8 well as taltispecteal lrvages

tildings were extracted (Figure 6a) (Table 1).
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Figure 6: {n)wmmummmmecmmmufmmm{nﬁn,ﬂz}
detn, {b) enlarged view of bunildinge objects to show height {m) estimated on combined Lacer acemner and

mmltdspectral deta

Figure 7. (n]&taﬂdmﬂﬂhnmhwmhﬁnmmdmpudmlﬂnmzmth}m
roadaide line in high resolotion draped on image, (¢) completed miszing road segment draped on image

1
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Table 1: Shuwmgmmdhmghtnfbrnﬂdmp

bulldings | (o) tm’l hdnlntm] hdaht{m} () (k)
20 4080 525 532 233 343 4.57

Table 2: Accuracy ssssssment of obdect sxtraction

Completemess | Corracimess

01.36

Bullding 100%
Road 100

71,87

Ares egtimated for Wilding cowver is abomt 4573
knt’. Maxinmm height of building iz 25.32 m with
tean hedght of 8,33 m. (Flgome 6b) {Tabde 13 It wos
foumd that by manmusl observation only 201 tuilding
conld be detectsd, which iz however quite closs to
sutometls extracton. The difference 15 due 10
mixing of spectral signatre of buildings, suggesting
that hymman eye was not capable to detect theee, In
order 10 getetabe the rectatgle aroutd tw exttacted
moof border, for generation of roof plne, it was
foamd that 75% of the buildinge with gimpls chapes
wero fmnd to it exactly within rectangle and 25%
of the buildinge, which have very complex shape,
were iabls 6o fit within rectangles,

4.2 Road Extraction

Az iz obvions, road extraction is easier on high-
rewolution dete end at the same time finding center-
Tine on low resohution is difficult. Therefore, finding
pyremidl elgerthms is mmch more economicel as
compared te acquiring low-resolntion image to find
ont centeal-lines, Tt was observed that the local
(rangwien meen of the image helps to conmect
mccessfully the contourm of the ares. The algorithm
was tested with 0.5m resohition Laser scamer and
multispectral fmages. Figare 78 shows the imege
and the remlts of rosd extmaction. Among varions
typee of roads within the image, all major roade,
whose centedines wore vimble, were

extrected. In the high-reschrion image (0.5 m), the
edgee were exitactsd and apmozimated by
polygons. From these cmdidates, rosdaides wewe
compited using the kmowledge given by the model
that roade have parallel zides and that the region
beiween two rosdeides ie in the
direction of the road In high resolntion image the
main concem was to find our the extent of road
to change of epectral response at the edge of image
and fraquency, It was observed that some roadsides
were migding (Figme 7b). It ia becanse algorithma
described a0 far fiil in region of the road where no

parallelism eodgted, The migeing road parallals were

nhtnmdmgutmpmllelalgnnﬂnm Splmmg

Adipcent moad-peris are chained to road-scgments
and amell gaps wers filled The reealts of
carnbitietion of both resolotions provide roadside in
uban ares (Figure 7c). Total road length in the
sipdy ara i about 934 km whareas toial road
bepth obtelned threugh stalysis iz 10165 km
Bepically difference is to the fact that the slgorithm
failed to diffeentiate betwreen road and raileray
mmmmdwmwmemm
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procedore, especiplly the roof details and help to
be very useful and effective for extracting uildng
in large areq with accepiable saconracy in legper time,
In onr spprosch 74% bmilding region/objects were
detected The building models genermted by the
proposed method have the merit of high horizental
gcourmcy from mmlti-spechml imeges and high
vertical mecomacy from Laser scanner datn Bt it
wis obeerved during the experiment that many
generally in the arcar whers the tree cenopy is
adjacent or owvex o building and houses jolned with
md:uﬂmFutnrermmhml]nntmlymohdethe

in the modules for Tiildmg
nmmudm,hutalmﬂmmmufquaﬁty
pammeters for belter resulin, with respect to the
building outlines, which cam be sccomplished by
inmgnﬁngitwiﬂlﬂlﬂdm.Thaﬂndinuofmd

updating rosde I GIS @ ey othe exdsting
detabase. However, there are some limitations with
cdae based detectorm which are not eble to
differstla betwoon all, mad snd highway md
algorithm may not work on the road cast by shadow
and therefore, pixele of roads in image mnet he
selected cowefully sitke algotithm canrwt judge the
validity of input seeds. The rosda that will not give
odges in sdge detector cennot be exiracted The
algonithrn requires it voads of slpnificent width,
Further mnalysis to0 combine other filiers to help
eeparate road ve. mail and bridges va mumounding
buildings may fiocus on integrating thess slgaitums
more tightly.
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