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ABSTRACT: 
 
Airborne Laser Scanning (ALS), Terrestrial Laser Scanning (TLS) and Vehicle based Laser Scanning (VLS) are widely used 
as data acquisition methods for 3D building modelling. ALS data is often used to generate, among others, roof models. TLS 
data has proven its effectiveness in the geometric reconstruction of building façades. Although the operating algorithms used 
in the processing chain of these two kinds of data are quite similar, their combination should be more investigated. This study 
explores the possibility of combining ALS and TLS data for simultaneously producing 3D building models from bird point of 
view and pedestrian point of view. The geometric accuracy of roofs and façades models is different due to the acquisition 
techniques. In order to take these differences into account, the surfaces composing roofs and façades are extracted with the 
same algorithm of segmentation. Nevertheless the segmentation algorithm must be adapted to the properties of the different 
point clouds. It is based on the RANSAC algorithm, but has been applied in a sequential way in order to extract all potential 
planar clusters from airborne and terrestrial datasets. Surfaces are fitted to planar clusters, allowing edge detection and 
reconstruction of vector polygons. Models resulting from TLS data are obviously more accurate than those generated from 
ALS data. Therefore, the geometry of the roofs is corrected and adapted according to the geometry of the corresponding 
façades. Finally, the effects of the differences between raw ALS and TLS data on the results of the modeling process are 
analyzed. It is shown that such combination could be used to produce reliable 3D building models. 

 

1. INTRODUCTION 

Airborne Laser Scanning (ALS), Terrestrial Laser Scanning 
(TLS), and Vehicle based Laser Scanning (VLS) are widely 
used as data acquisition methods for 3D building modelling. 
The main advantage of the laser scanning technique is that it 
allows to directly collect georeferenced sets of dense point 
clouds. Over the last decade, many significant developments 
in the field of laserscanning acquisition techniques have 
been performed. Also the laser data processing tools are 
constantly being improved (Shan and Toth, 2009).  
 
ALS data are widely used in the production of Digital Ter-
rain Models (DTM) and rough building models. The suita-
bility of ALS techniques for 3D object reconstruction has 
been proven over the last decades. Nevertheless, the auto-
matic generation of DTM as well as 3D building models 
remains an unresolved issue. This is essentially due to the 
weakness of information often given by the second echo 
compared to the first one. Actually, when this one is relia-
ble, it helps to distinguish points belonging to the ground 
and non-ground surfaces (Tarsha-Kurdi et al., 2006). But in 
most cases, it is not always separable from the first one 
(Pfeifer et al., 1999). Currently, researchers rather use full-
waveform ALS data which provides the complete waveform 
of the backscattered signal produced by the illuminated 

object. Nevertheless, that kind of data is even rarely ac-
quired and requires knowledge in signal processing tech-
niques.  
 
In all cases, ALS does not directly provide complete 3D 
models since they do not completely cover building facades. 
The acquisition angle and also the street narrowness make 
the façade acquisition difficult. In this case TLS and/or VLS 
are used. They provide high details point clouds at ground 
level since the access to the facade is facilitated.  
 
In this context, a combination of ALS and TLS/VLS data 
for producing 3D building models simultaneously from a 
bird’s point of view and pedestrian’s point of view is 
suggested. This paper is structured as follows. Section 2 
gives an overview related to LiDAR data processing. The 
test site and the used datasets are introduced in section3. 
Section 4 and 5 explain the processing chain developed for 
ALS and TLS data modeling respectively. The combination 
of both is discussed in section 6. 

2. RELATED WORK 

This section gives an overview of the main processing 
operations applied on ALS data as well as TLS and VLS 
data. Concerning the processing of ALS data, it starts with 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-5/W16, 2011
ISPRS Trento 2011 Workshop, 2-4 March 2011, Trento, Italy

239



the segme
terrain cla
automatica
approache
segmentat
LiDAR da
In the firs
produced b
this appro
processing
based on 
such as t
classes. A 
of the bene
 
TLS data
reconstruc
regular on
geometric 
case, extra
key of the
proposed. 
algorithms
and Houg
principles 
  
As regard
processed 
models. Th
part of fa
mobile ma
point clou
adequate s
GPS/IMU/
mapping s
that of a v
methods w
the operat
TLS and 
needs to b

(Haala et a
the mobile
of an exi
model has
way, the 
windows, 
mobile m
geometry 
More deta
terms of a
analyzed b
also prese
edge extra

 

Data used 
data cover
Science an
is compos
many pla
elements (
by differen
the studied

entation of acq
asses. Then the
ally from the

es are followe
ion and modeli

ata and approac
st approach, D
by interpolation
oach is that 

g algorithms ca
the point cloud

the co-planarity
A combination o

efits of both (T

a has proven 
ction of buildi
nes. The modeli

primitives or b
action of planar
 geometric mod

They can b
s based on vot
gh transform a
such as surface

ds to VLS da
in the purpose 
he interest focu

acades from mo
apping is the di
ud. Main diff
synchronization
/Laser system
systems can pro
vehicle. This hig
which have to b
ting algorithms
VLS data are

e investigated. 

al., 2008) have
e StreetMapper 
isting 3D build
s been generated

fine geometric
balconies or or

mapping data. 
of buildings in

ails can be fou
acquisition pre
by (Alshawa et
ented first step
action. Work wi

3. DATA 

in this paper is
ring roofs and 
nd Technology 
sed of several b
anar surfaces 
(roofs, window
nt materials (co
d façades are sh

quired points in
e buildings ou
 off-terrain c
d for the top
ing: approaches
ches based on th

Digital Surface 
n of raw point c

the whole c
an easily been a
ds use generall
y for segment

of both approac
arsha-kurdi et a

its relevance
ng façades m
ng is carried ou
by meshing tec
r clusters from t
deling. Many a
be arranged i
ting techniques
and algorithms 
e growing (Bou

ata, they are 
of producing co

uses on the acqu
oving vehicles
irect georeferen
ficulty for the
n of the compo

ms. Vehicle-ba
oduce data in t
gh productivity
be automatic a
s used in the p
e quite similar

e used the point
system to refin

ding model. T
d previously fro
c details of bu
rnaments has b
The authors 

n using a polyhe
und in (Becker 
ecision, VLS d
t al., 2009). Th
ps in VLS dat
ill continue on t

DESCRIPTIO

s composed of 
facades of the 
(INSA) of Str

buildings, them
describing dif

ws, planar walls
oncrete, glass, s
hown in Figure 

nto terrain and
utlines are extr
lass. Globally

pic of LiDAR 
s based on raste
he raw cloud p
Models (DSM

clouds. Advanta
conventional i
applied. Appro
ly similarity cr
ting the cloud
ches takes adva
al., 2007). 

 in the geom
ore particularly
ut either by mea
chniques. In the
the point cloud 
algorithms have
in two categ
s such as RAN

based on me
ulaassal et al., 2

rarely studied
omplete 3D bui
uisition of the v
. The challeng

ncing of the acq
ese systems is
onents involved
ased laser m
the same veloc
y requires proce
nd robust. Alth
processing cha

r, their combin

t clouds collect
ne the planar fa
The coarse bui
om ALS data. I
uilding façades
been added usin

define the ov
edral approxim
& Haala, 2007

data have also 
e same authors
a segmentation
this path. 

ON 

ALS, TLS and
Graduate Scho

asbourg. The s
mselves compos
fferent archite
s) and characte
stone). Some pa
1. 

d off-
racted 

y two 
data 

erized 
points. 
M) are 
age of 
image 

oaches 
riteria 

d into 
antage 

metric 
y the 
ans of 
e first 
is the 

e been 
gories: 
NSAC 
erging 
008). 

d and 
ilding 

visible 
ge for 
quired 
s the 
d, i.e. 

mobile 
city as 
essing 
hough 
ain of 
nation 

ted by 
açades 
ilding 
In this 
s like 
ng the 
verall 

mation. 
7). In 
been 

s have 
n and 

d VLS 
ool of 
school 
sed of 
ctural 
erized 
arts of 

 

 
F

 
The 
2004
point
 

 
Fi

The 
a Tr
colle
has t
vehic
work
 

S

d

S
re

P
d

Tabl

It is
base
(SR)
 

 

Figure1. Panora
faca

ALS data used
4 with the sens
t cloud coverin

igure2. Airborn

TLS data used 
rimble GX lase
ected by Optec
two rotating la
cle. The technic
k are summarize

Te
 

Sensor T

AL
Point 

density 
2.3

Spatial 
esolution 

 

Points/ 
dataset 

le 1. Technical c
dat

 noticed that 
d on 5 samples
are deducted u

ama of photogra
ades of INSA S

d in this proje
sor TopScan O
g the INSA is d

e laser scanner 
 

in this study is 
er scanner. The
ch LYNX Mob
aser scanners m
cal specificatio
ed in Table 1.  

echnical specif
ALS 

TopScan  
(Optech 

LTM 1225) (
3 points/m² 

p

0.66 m 
(roof) 

±26° 

61 618 4

 
characteristics o
tasets used in th

 
point densities

s of each datase
using equation n

          

aphs covering th
Strasbourg  

ect have been a
Optech ALTM 
depicted in Figu

data of INSA b

 a point cloud a
e VLS data se
bile Mapper. T
mounted on the
ons of datasets u

fications  
TLS 

Trimble 
GX 

(Trimble) 
(

185 
points/m² p

0.07 m 
(façade) (

-22° to 
+38° 

4 335 496 6

of the ALS, TL
his study. 

s are averages
et. The spatial 

n° 1: 

                 (1) 

 

he main 

acquired in 
1225. The 

ure 2. 

 

buildings 

acquired by 
et has been 
This system 
e back of a 
used in this 

VLS 
LYNX 
Optech) 

80 
points/m² 

0.11 m 
(façade) 

360° 

659 920 

LS and VLS 

s computed 
resolutions 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-5/W16, 2011
ISPRS Trento 2011 Workshop, 2-4 March 2011, Trento, Italy

240



ALS and T
coordinate
same spac
between cl
 

 
Figure 3

(green), V

The proce
approach 
2008). Fir
using a n
original re
height var
by this inte
DSM in o
vegetation
the DSM o
The pseud
 
 

Figure 4

 

The secon
terrain poi
of this step
off-terrain
Figure 5 d
for buildin
the buildin

TLS/VLS poin
e system. The d
ce, as shown in 
louds will be no

3. Merging of di
VLS point cloud

 

4. ALS DAT

essing of ALS 
developed in o

rstly, the point 
nearest neighb
elationships betw
riations between
erpolation. The
order to separa
n, trees) from t
obtained for the

do-colors are rel

4. DSM of INS
p

nd stage consist
ints into vegeta
p is the calcula

n objects, the D
depicts the resul
ngs which heig
ngs are not dete

nt clouds are re
different scans c

Figure 3. Neve
oted in section 

ifferent datasets
d (red) and TLS

TA MODELL

data is carried
our group by (
cloud is trans

bor interpolatio
ween points, in
n neighboring p
en segmentation
ate the off-terra
the ground poin
e point cloud pr
lated to the altit

SA buildings pro
point cloud 

ts in the discri
ation and build
ated off-terrain 
DSM and the o
lts of the buildin
ght is higher th
ected.  

gistered in the 
can be merged i
ertheless some 
5. 

s: ALS point clo
S point cloud (b

ING 

d out accordin
(Tarsha-Kurdi 
formed into a 

on. The topolo
 the sense of re
points, are pres
n is performed o
ain points (buil
nts. Figure 4 s
resented in Figu
tudes (in meters

oduced from AL

mination of the
ings. The input
mask containin

original point c
ngs mask extra

han 5 m. Under

same 
in the 
shifts 

 

oud 
blue)  

ng the 
et al. 
DSM 

ogical 
elative 
served 
on the 
lding, 
shows 
ure 2. 
s). 

 

LS 

e off-
t data 
ng all 
cloud. 
action, 
er 5m, 

Once
mod
extra
recon
build
extra
plane
(num
the b
build
obtai
Figu
build
oper

Fig
(a)

Figure 5. Mask

e the building 
eling can star
acted from t
nstructed in o
ding outlines. A
acted using an
es provide info

mber, geometry,
building. Based
ding can be p
ined by projec

ure 6 presents 
dings outlines, 
ations. 

gure 6. Building
) 2D outlines of

k of the INSA b

mask is extrac
rt. To do this
the DSM im
rder to obtain
Afterwards, pla

improved RA
ormation about 
, slope of roof s

d on these param
produced. Faça
ction of roof c

the reconstruc
firstly in 2D th

(a) 

(b) 

gs models recon
f buildings; (b) s

28 m 

buildings under

acted, the proce
s, the outline 
mage. Then, 
n a vector mo
anar clusters o

ANSAC algorit
the component

sections) and th
meters, a 3D m
ade models are
contours onto t
cted edges of 
hen in 3D afte

nstructed from A
simplified 3D b

30 m  0  
 

r study  

ess of roof 
edges are 
they are 

odel of the 
of roofs are 
thm. These 
ts of a roof 
he height of 

model of the 
e therefore 
the ground. 

the INSA 
er extrusion 

 

 

ALS data; 
buildings.  

m  

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-5/W16, 2011
ISPRS Trento 2011 Workshop, 2-4 March 2011, Trento, Italy

241



As it can b
this stage, 
geometry m
is not poss
lack of arc
is interesti
elements f

5. 

As mentio
coming fr
point clou
building f
VLS data
absolute re
to be more

Figure 7 p
static and m

 

Figure 7.
point clou

The mergi
point clou
the façade
performed

be seen, the 3D
based only on

might be impro
sible for the faç
chitectural deta
ing to complete
from ground las

GROUND D

oned above, th
rom TLS and/o
uds are comp
facades, it is n
a. Obviously, 
eference, becau
e accurate than 

presents the me
mobile mappin

                    

. Merging of TL
ud; (b) VLS po

ing has been p
uds. Since no sp
e before data 
d based on com

D model of the 
 ALS data is si

oved (through fu
çades. In these m
ails such as ope
e this model by
ser data (VLS a

DATA MODEL

he ground lase
or VLS data. T
plementary. Be
necessary to pu

the TLS data
use its georefer
that of the VLS

erging of point
ng systems only

       (a) 

 

(b) 

 

(c) 

LS and VLS po
oint cloud; (c) M

performed after 
pecific targets h
capture, the re

mmon existing e

building obtain
implified. If the

further processin
models one note
enings. That’s w
y adding the mi
and/or TLS). 

LLING 

er data implies
These two kin
efore modeling
ut together TLS
a is considere
encing is consi

S. 

t clouds acquire
. 

oint clouds: (a) T
Merged point clo

registration of
have been plac
egistration has 
elements. It co

ned at 
e roof 
ng), it 
es the 

why it 
issing 

s data 
nds of 
g the 
S and 
ed as 
idered 

ed by 

 

 

 

TLS 
ouds 

f both 
ed on 
been 

onsists 

in fin
in bo
Poin

Then
whol
in o
algor
±1/1
redu

Rele
extra
studi
Ther
to th
clust
the 
resol
plane
some
descr
set. F
RAN
More
foun

The 
only 
comp
in Fi
do th
are u
verti
corre
cloud
the p
The 
from
VLS

Figu
blue

Then
RAN
resul
Sinc
ment
autho
value
merg
 

nding common
oth clouds and 

nts) process to b

n the process of
le point cloud. 

order to remov
rithm looking f
0 mm has bee
ced after this sa

evant features
acted via a s
ied in this pape
refore, the auto
he decompositio
ters. The raw p
effect of sur

lution capacitie
es are thus ap
e specific thi
ribing the autho
For reaching a 

NSAC algorithm
e information a

nd in (Boulaassa

segmentation a
one façade. 

posed of many 
igure 3 must be
his, the building
useful. These f
ices are know
esponds to at l
d dataset. Poin
polygon is ± 2m

superimpositio
m ALS data and
S/TLS is depicte

ure 8. Superimp
) and outlines o

n each façade is
NSAC algorithm
lts obtained ov
e the raw clou
tioned in secti
orized thicknes
e has been set t
ged TLS and VL

points or comm
in performing 
ring them close

f façade modell
The first step 

ve redundant 
for points whos
en developed. 
ampling.  

like main f
segmentation a
r is composed m

omatic segment
on of the point 
point cloud has 
rface roughne

es, registration o
pproximated by
ckness. There
orized thicknes
reliable and re

m has been opt
about the segm
al et al., 2008). 

algorithm is inte
The datasets 
facades. There

e decomposed in
g facades obtain
façades are def

wn in 3D coo
least one façad

nts of the point 
m are considere
on of the outli

the point cloud
ed in Figure 8.  

position of terre
of façades obtai

contours)

s segmented sep
m mentioned p
er all facades a
d of a planar s
on 5, a tolera

ss around a plan
to 2.5 cm for T
LS data.  

mmon geometric
an ICP (Iterat

er.  

ling can start b
consists in sam
points. To d

se coordinates a
The number o

façade plane 
algorithm. Th
mainly by plan
tation algorithm
cloud into a se
 a thickness co

ess, object co
operations and 
y planar clust

efore, a tolera
ss around a plan
ealistic façade 

ptimized at seve
mentation algori

 

ended initially 
studied in thi

eby, the point cl
into individual 
ned from ALS 
fined by polyg
ordinates. Eac
de in the terre
t cloud, which 
ed to belong to 
ines of façade

uds of façades p

estrial data of fa
ined from ALS 
) 

parately using t
previously. Se
are presented in
surface has a th
ance value des
ne is set. In ou

TLS data and 4

c primitives 
tive Closest 

ased on the 
mpling data 
do this, an 
are equal at 
of points is 

are firstly 
e building 
ar surfaces. 
m proceeds 
et of planar 
oming from 
olors, TLS 

noise. The 
ters having 
ance value 
ne has been 
model, the 
eral stages. 
thm can be 

to segment 
is paper is 
loud shown 
façades. To 
(Figure 6b) 
gons which 
ch polygon 
strial point 
distance to 
the façade. 
s extracted 

provided by 

 

açades (sky 
data (black 

the adapted 
egmentation 
n Figure 9. 
hickness as 
cribing the 

ur case, this 
cm for the 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-5/W16, 2011
ISPRS Trento 2011 Workshop, 2-4 March 2011, Trento, Italy

242



Figure 9
merg

Afterward
automatic 
architectur
facade co
points des
walls. It i
triangulati
on these 
produces 
decompos
criterion 
reconstruc
their geom
relationshi
the edges 
More info
found in B
model of
buildings. 

Figure 10
shown in f

At this sta
those obta
next sectio

 

6. C

As shown 
or less det
Figure 11 
Figure 10,
ALS data
tolerance v

9. Segmentation
ged point cloud.

archit

ds, based on 
extraction of 

ral element. An
ntours has bee
cribing the con
s based on an 
ion applied on 
results, the ge
a vector mode
ed into straigh
of point’s co

ction of edges i
metric character
ips. The vector 

that describe 
ormation about 
Boulaassal et al.
f the multiple
 

0. Vector mode
figure 9. 

age, it is inter
ained from ALS
on. 

COMBINATIO
GROUND D

in section 4,  A
tailed roof mod
shows the vec

, combined with
a. It should be
value set for pla

n results obtain
 Each color dep

tectural element

the segmen
edges can be

n automatic ext
en developed 
ntour of openin

automatic ana
the segmented

eometric recon
el of the façad
ht and curved e
ollinearity. Th
is performed ba
ristics, as well 
model of each 
the façade ele
this step of re

.(2010). Figure 
e facades com

els of segment

esting to comb
S processing as 

ON OF AIRBO
DATA MODEL

ALS data are us
dels and rough
ctor models of 
h the roofs segm
e noticed that, 
anar cluster def

ned on a VLS/TL
picts one planar
t. 

tation results,
e achieved for 
traction algorith
to extract the 
gs or edges bet

alysis of a Dela
d point cloud. B
nstruction algo
e. The contour
edges, based o

hen, the geom
ased on the stu
as their topolo
planar cluster a
ements is avai
econstruction ca

10 shows the v
mposing the I

ed building fa

bine these resu
it is explained 

ORNE AND  
LLING  

sed to generate 
h models of fac

façades depict
ments extracted

for ALS data
finition was 40 c

 

LS 
r 

, the 
each 

hm of 
laser 

tween 
aunay 
Based 
orithm 
rs are 

on the 
metric 
udy of 
ogical 
and of 
ilable. 
an be 
vector 
INSA 

 

acades 

ults to 
in the 

more 
cades. 
ted in 

d from 
a, the 
cm.  

Figu
and s

The 
way 
are e
for T
the r

Figu
obtai

The 
the 
prod
with 
cm a
parti
13. 

Figu
75 cm

Such
accu
param
VLS
aroun
proc
used
geor

ure 11. Combin
segmented ALS

planar clusters
that terrestrial 

extracted using
TLS data (Bou
result of the com

ure 12. Result
ined from airbo

effect of differ
resulting mod

duced from airb
those produced

are observed b
icularly along t

ure 13. Shift be
m over the righ

h shift can be 
uracies of raw
meters. For in

S/TLS data, on
nd planar clus
ess of ALS dat

d as reference
eferencing.  

ation of vector 
S point cloud. 

s of the roofs 
ones. Firstly, p

g the same algo
laassal et al., 2

mbination. 

of the combi
orne (red color) 

ences in data q
del. As expec
borne data do n
d from terrestri
between ALS 
the Z axis direc

tween vector m
t position 

explained by 
w data, and 
stance, in the 

nly 2 cm are 
ters against 40
a. The terrestria
model in orde

r models of INS

are modeled in
point edges of 
orithm develop
2010).  Figure 

ination of vect
and terrestrial 

quality can be r
cted, polygons
not perfectly su
ial data. Shifts o
and TLS poly
ction, as shown

models. The red

y differences in
in terms of 
segmentation 
used as thres

0 cm in the se
al vector mode

er to correct th

 

SA façades 

n the same 
each plane 

ped initially 
12 depicts 

 

tor models 
data (blue) 

remarked in 
s of roofs 
uperimpose 
of about 75 

ygons more 
n in Figure 

 

d plane lies 

n terms of 
f modeling 

process of 
hold value 

egmentation 
el should be 
he airborne 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-5/W16, 2011
ISPRS Trento 2011 Workshop, 2-4 March 2011, Trento, Italy

243



7. CONCLUSION 

The point cloud acquired by an airborne LiDAR system and 
combined to VLS and TLS point clouds represent a model 
in itself, since the set of points provides a primary 
description of the buildings geometry. However, integration 
and management of these raw data in databases is 
problematic because of the huge amount of points. The 3D 
geometric modelling seems to be a good solution to this 
issue. Our approach enables the transformation of a model 
composed of points to a model composed of a small number 
of geometric shapes. In this form, the model is a starting 
point for other types of information, such as semantic and 
architectural information.  

Properties of ALS, TLS and VLS data are different since 
they are collected in different ways. However, these 
differences can be exceeded by taking benefit from each one 
of them. TLS data must be used as geometric reference 
because the georeferencing and generally the inherent 
geometry of the clouds are more accurate than that of ALS 
data. Therefore the vector model of the roofs obtained from 
ALS data processing can be improved. ALS data is useful 
for a coarse modelling of façades which helps in the 
localization of individual façades and determining the hold 
of building. We can state that the airborne and ground 
LiDAR data are complementary if the georeferencing is 
controlled and corrected before processing. In that case, 
complete and reliable 3D models of buildings can be 
obtained. 

In the future, more efforts will be achieved in the statistical 
study of combination of datasets coming from several laser 
scanning systems. The contribution of each processing steps 
in terms of processing time and disk space gain will also be 
studied.  
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