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Abstract 

The rapid technological evolution, is characterizing all the disciplines involved within the 
wide concept of smart cities and is becoming a key factor to trigger true user-driven 
innovation. However, to fully develop the Smart City concept to a wide geographical target, 
an adequate infrastructure is required that allows the integration of heterogeneous 
geographical information and sensor networks into a common technological ground. Main 
characteristics of Smart City are intelligence and interconnection capability and thus have 
become important goals of present day city development. This paper gives an overview of  
algorithm framework for building recognition at different levels of detail in urban area with 
laser scanned data (LiDAR) and image sequence with 3D urban environmental application 
using LiDAR data. 
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1. Introduction 
A smart city is an interconnected system of 
systems. A dynamic work in progress, with 
progress as its watchword. A tripod 
(Infrastructure, operations, people)  that 
relies on strong support for and among each 
of its pillars, to become a smarter city for all 
(IBM, Smarter Cities – Overview, 
http://www.ibm.com/smarterplanet/us/en/  
smarter_cities/overview). Smart cities are 
systems of systems and that there are 
emerging opportunities to introduce digital 
nervous systems, intelligent responsiveness,  

and optimization at every level of system 
integration – from that of individual devices 
and appliances to that of buildings, and 
ultimately to that of complete cities and 
urban regions (MIT City Science, Smart Cities 
:Vision, http://smartcities.media.mit.edu/ 
frameset.html). 
The Smart City concept seems to be a key 
solution to challenges brought by a fast 
growing urbanization such as urban sprawl, 
environmental challenges and sustainability, 
transportation, high costs of management, 
civic    participation,     energy      constraints,  
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enhancement of cultural heritage, citizens 
quality of life, etc (Sylvie & Doran 2013). 
Smart cities use information and 
communication technologies (ICT) to be 
more intelligent and efficient in the use of 
resources, resulting in cost and energy 
savings, improved service delivery and 
quality of life, and reduced environmental 
footprint--all supporting innovation and the 
low-carbon economy (Cohen, 2012). 

1.1 Origin of Smart Cities 
The concept of smart cities originated at the 
time when the entire world was facing one 
of the worst economic crises. In 2008, IBM 
began work on a 'smarter cities' concept as 
part of its Smarter Planet initiative. By the 
beginning of 2009, the concept had 

captivated the imagination of various 
nations across the globe. 

1.2 Need of Smart Cities 
Smart cities are needed to handle the 
problems like global environment and 
urbanization, global warming and climate 
change, population increase and resource 
depletion and adverse effects of increasing 
urbanization (Hitachi, 2012). Further, the 
smart cities are aimed at addressing the 
need for a long-term approach to 
developing sustainable cities, managing the 
lifecycles of cities, improving economic 
performance over the entire lifecycle e.g. 
pollution, that are very expensive to clean up 
later and enhancing city competitiveness.  

 
Figure 1: Smart city model (After Torregrosa & Martin, 2014) 

According to Murthy (2005), managing the 
lifecycles of cities consist of following four 
phases: 
i. Early phase: Provide the infrastructure 

needed for the operation of the city. 

ii. Growth Phase: Expand and intensify the 
infrastructure to ensure that supply can 
keep the pace with increasing demands. 

iii. Mature phase: Enhance infrastructure to 
ensure the delivery of high-quality 
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services based on criteria such as ease-of-
use and comfort. 

iv. Transformation phase: Integrate 
infrastructure systems to satisfy social 
values such as aiding or at least avoiding 
damage to the natural environment. The 
need for a long-term approach to 
developing sustainable cities 

2.0 Concept of Smart City Model 
According to Torregrosa & Martin (2014) a 
Smart City connects human capital, social 
capital and information and communication 
technology infrastructure in order to address 
public issues, achieve a sustainable 
development and increase the quality of life 
of its citizens (Figure 1). 
2.1   Smart City components 

Following are the components of smart cities 
(Modified after Murthy, 2015)(Figure 2). 

• Smart Living 
• Smart Building & Home  
• Smart Transportation 
• Smart Energy (Renewable generation & 

storage) 
• Smart Water Management 
• Smart Waste Management (Recycling of 

waste, residual management, Recovery 
of waste organics & Energy) 

• Smart Education (e-Education) 
• Smart Governance (e-governance) 
• Smart Medical Facility (e-Medical) 
• Smart Communications 
• Smart Networks 
• Smart Environmental Management  

 
Figure 2: Smart City Components (After Murthy, 2015) 

2.2   Action Fields 
According to Torregrosa and Martin (2014)  
the important action fields  required for  
developing smart city projects  are listed 
below and elaborated in Table 1 as well.  

 Smart Governance 

 Smart Economy 
 Smart Mobility 
 Smart Environment 
 Smart People 
 Smart Living 
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3.0  Role of LiDAR Technology in Modeling 
Smart City  
LiDAR, which is commonly spelled LiDAR and 
also known as LADAR or laser altimetry, is an 
acronym for light detection and ranging. It is 

a remote sensing technology and emits 
intense, focused beams of light and 
measures the time it takes for the reflections 
to be detected by the sensor. This 
information is used to compute ranges, or 

distances, to objects. In this manner, lidar is 
analogous to radar (radio detecting and 
ranging), except that it is based on discrete 
pulses of laser light (Carter et. al., 2012). The 
three-dimensional coordinates (e.g., x,y,z or 
latitude, longitude, and elevation) of the 
target objects are computed from  the time 
difference between the laser pulse being 
emitted and returned, the angle at which the 
pulse was “fired,” and  the absolute location 
of the sensor on or above the surface of the 
Earth. LiDAR data provides precise 
information about the geometrical 
properties of the surfaces and can reflect the 
different shapes and formations in the 
complex urban environment. Airborne 
topographic lidar systems are the most 
common LiDAR systems used for generating 
digital elevation models for large areas. The 
combination of an airborne platform and a 
scanning LiDAR sensor is an effective and 
efficient technique for collecting elevation 
data across tens to thousands of square 
miles. For smaller areas, or where higher 
density is needed, LiDAR sensors can also be 
deployed on helicopters and ground-based 
(or water-based) stationary and mobile 
platforms. 
Modern navigation and positioning systems 
enable the use of water-based and land-
based mobile platforms to collect lidar data. 
These systems are commonly mounted on 
sport-utility and all-terrain vehicles and may 
have sensor-to-target ranges greater than a 
kilometer. Data collected from these 
platforms are highly accurate and are used 
extensively to map discrete areas, including 
railroads, roadways, airports, buildings, utility 
corridors, harbors and shorelines. 

Table 1: Smart City Project & its Action 
Fields (After Torregrosa & Martin, 2014) 

Action 
Field Area Smart City Initiative 

Smart 
Governa

nce 

Participa-
tion 

Complaints and 
Suggestions 

Participation in 
decision making 

Transpar-
ency 

Open data 
Municipal 

transparency 
e-municipality 

City council on social 
networks 

Public 
and 

social 
services 

GIS 
Social and city services 

information 

Smart justice 

Smart 
Economy 

 Innovation
Innovation centre 

e-commerce 

Entrepre
neurship 

Business centre 

Job search resource 
centers 

 
Smart 

Environ-
ment 

Network 
and 

Environm-
ental  

 monitoring

Environmental 
information and alerts 

Containers with 
sensors 

Monitoring 
distribution networks 

App with incidents 

Energy 
efficiency 

Recharging electric 
vehicles 

Energy efficient in 
building 

Intelligent lighting 

Smart grids 
Irrigation remote 

control 
Renewable energy 
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Smart 
People 

Digital 
education 

Centre for learning 
new technologies 

Internet in schools 

Creativity 
Centre for creating 

apps 

Event information 

Smart 
Living 

Tourism 
& culture 

Tourism app 

Health & 
safety 

E-health 
Accessibility in public 

places 
Telecare 

Video surveillance 
Technolo

gy 
access-
ibility 

Free wifi 
Optical fiber 
Citizen card 

Smart 
Mobility 

Traffic 

Variable traffic 
management 

Traffic monitoring 
Traffic control 

Public 
transport 

Public transportation 
app 

Card of public 
transportation 

Intelligent bus stops 
Car sharing 

Public bicycles 

Electric bus 
Tramway 

ICT 
infrastru-

cture 

Parking sensors 
Parking information 

NFC payment 
Logistic Smart logistics 

3.1  Smart city Planning Working 
Framework 
According  to Deng et al. (2013) there are 
following three steps in the generation of 3-
D building models (Figure 3):  
(1)  Data acquisition and aerial triangulation 
(2) Feature extraction and stereo-model 
measurement 
(3) Model reconstruction 
3.1.1 Data acquisition 
Airborne laser-scanning has become a viable 
technique for surveying data. The inherent  

3-D nature of laser-scanning data saves time, 
reduces potentially erroneous matching 
techniques and yields a high potential for 
real time application if laser ranger data can 
be fused with GPS/INS data onboard in 
aircraft (Maas, 1999). 

 
Figure 3: Flow Chart scheme of Lidar data 
surface analysis (After Brook et al., 2012) 

Automatic Aerial Triangulation (AAT) 
technique can be adopted to acquire initial 
values of camera parameters. Two images 
near the beginning and end part of the 
image sequences are selected. Then some 
control points are selected from the vector 
data and LIDAR data and their corresponding 
image points are given interactively in the 
selected images. Finally, all parameters of the 
strip can be transformed into world 
coordinates system. 

3.1.2 Pre-processing Digital Surface 
Model (DSM) 
According to Mass (1999) and  Gruen et al. 
(1998) the pre processing of DSM involves 
following steps: 

i. Segmentation of the range data. 
ii. Computation of an approximation of 

the topographic surface by 
mathematical morphological filtering. 

iii. Segmentation process suggests a 
pyramid-linking algorithm 

iv. an iterative algorithm: 
a) Computation of the Gaussian 

pyramid. 
b) Segmentation by pyramid-linking. 
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c) Averaging of linked pixels. 
Steps ‘a’ and ‘b’ are repeated iteratively until 
a stable segmentation result is reached. As a 
result , the initial 3D blobs, i.e. possible 
building can be detected (Figure 4). To 
separate the building from other blobs such 
as trees, classification can be processed by 
combined multispectral information which is 
provided by colour aerial image and 
geometric information from a laser scanned  
digital surface Model (DSM). 

 
Figure 4: Image segmentation and initial 
build blob (After Deng et al., 2013) 

3.1.3 Linear Feature Extraction and 
Matching  
The main purpose of linear feature extraction 
and matching is to gain the long line feature. 
Common steps of line extraction are edge 
detection, edge tracing and edge fitting. 
Some Constraint are imposed to get exactly 
right match result (Deng et al., 2013). 
i. Epipolar constraint : The match for a line 

segment in one view must lie at least 
partially within a quadrilateral defined by 
the epipolar geometry and the 3D height 
constraints (Figure 5). A particular height 
in the world coordinate system 
corresponds to a particular point in the 
epipolarline. So the Lidar point in DSM 
can reduce the search space to the 
segment on each epipolar line. 

 
Figure 5: Epipolar Constraint (After Deng et 
al.,2013) 
ii. Orthogonality Constraint: Given a junction 

match, the 3D angle between the lines 
forming it (from the knowledge of the 
matching lines) can be computed. This 
angle is required to be nearly orthogonal 
in 3D if we are looking for rectilinear 
structures only. 

Trifocal constraint: For some difficult 
situation such as dense buildings and 
building with double edges, it is possible to 
produce some misidentification. A 
homologue line matching based on three 
view geometry constraint is applied for 
automatically getting the corresponding line 
features in all target images (Deng et al., 
2013). 
3.1.4  Model Primitives or Model 
Reconstruction 
Building models can be categorized into 
three classes according to their geometry 
and structure namely the, parameterized 
models, Prismatic models and compound 
Polyhedral models (Figure 6). Parameterized 
models are suitable for describing the most 
common building types such as gable roofs, 
flat roofs, hip roofs, lean-to roofs etc. The 
topology of such models is fixed, while the 
geometry is variable. The changing of 
parameters will cause the building’s size as 
well as its position and orientation to vary 
(Deng et al., 2013). Prismatic models describe 
complex building with arbitrary polygonal 
ground plans and vertical walls, but are 
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restricted to flat roofs only. Compound 
Polyhedral models describe complex 
buildings with a polygonal ground plan, it 
can be generalized using a combination of 
several Prismatic models or Parameterized 
models . For the process simplification it is 
constrained that the lowest level of model 
must be a prismatic models (Mass, 1999; 
Guren & Wang, 1998; Deng et al., 2013). 

 
Figure 6: Model Primitives 

4.0   Level of Detail (LoD) in 3D city models 
Clark (1976) gave the  concept of Level of  
Detail (LoD) and this LoD is closely related to 
the concept of scale. According to Luebke et 
al. (2003) LoD is used to improve the 
performance and quality of three-
dimensional (3D) visualization in computer 
graphics. It follows a simple fundamental 
rationale: when 3D scene is rendered, it is 
optically sufficient and computationally 
efficient to use a less detailed representation 
for small, distant, or unimportant portions of 
the scene. Their definition is that LoD is “the 
real-time 3D computer graphics technique in 
which a complex object is represented at 
various resolutions and the most appropriate 
representation chosen in real time in order 
to create a tradeoff between image fidelity 
and frame rate. This term is often used 
interchangeably to refer to both the graphics 
technique and a single representation of an 
object (Table 2). 
CityGML is an open data model and XML-
based standard for the representation of 3D 
urban objects. CityGML supports five Levels 
of Details (LOD) to reflect different data 

collection processes supporting different 
application requirements and facilitating 
efficient visualization and data analysis 
(Figure 7). 
 
Table 2: Level of Detail discription (After 
Open Geospatial Consortium, 2012) 

LoD Described Features 

LoD 0 DTM + Footprint from aerial 
image (2.5D Digital Terrain 
Model) 

LoD 1 Prismatic model of buildings 
with flat roofs 

LoD 2 Building model with 
differentiated roof structures 
and thematically differentiated 
boundary surfaces 

LoD 3 Architectural models with 
detailed wall and roof structures 

LoD 4 Completes a LOD3 model by 
adding interior structures for 
buildings 

5.0  Smart City 3D Modeling – 
Applications 
In 3D modelling of a smart city following two 
major applications of LiDAR technology  are 
discussed: 

 
Figure 7: CityGML LoDs (After Prandi et al., 
2014) 

 5.1 3-D Urban Environment Model 
Application 
The urban database-driven 3-D model 
represents a realistic illustration of the 
environment that can be regularly updated 
with attribute details and sensor-based 
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information. According to Uniyal and Mohan 
(2015) the LiDAR technology can be used to 
assess the damage to urban infrastructure. 
According to Song et al. (2009) the spatial 
data model is a hierarchical structure, 
consisting of elements, which make up 
geometries, which in turn composes layers 
(Figure 8). 

 
Figure 8: Layers of 3D urban model. 
The self-sufficient/self-determining levels of 
the integrated information contribute 
different parts to this global urban 
environmental application. According to 
Brook et al. (2011 & 2012) the first level 
termed “City 3-D”, supplies three different 
products such as integrated imagery and 
LiDAR data,  3-D thematic map and  2-D 
thematic map which includes 3-D analysis 
layers such as terrain properties, spatial 
analysis, etc (Figure 9). 

 
Figure 9: The 3-D urban environment 
application, Level 1 detailed architecture 
(After Brook et al, 2011 & 2012) 

The second level termed “Building Model”, 
focuses on a single building in 3-D and 
provides two additional products: 1) 
integrated imagery and building model 
extracted from LiDAR data set and 2) 3-D 
thematic map for general materials 
classification and quantitative thematic 
maps implemented by spectral models 
(Brook et al., 2011 & 2012). The most specific 
and localized level is the third level, termed 
as “Spectral Model”. The area of interest in 
this level is a particular place (a patch) on the 
wall of the building in question. The spatial 
investigation at this level is a continuation of 
the previous level; yet, the data source 
consists of spectral models that are 
evaluated for spectral in-situ point 
measurements. This level does not provide 
any integrated and rectified information, but 
provides geo-referencing of the results of the 
spectral models in realistic 3-D scale and 
completes the database of the suggested 3-
D urban environment application (Brook et 
al., 2011). 

5.2  Hydrology Modeling Application of 
LiDAR data 
The first step in undertaking any kind of 
urban hydrologic modelling whether it is 
associated with storm water, sewer, or 
combined systems involves delineating 
catchments and overland flow paths. In the 
recent year’s advances in terrain data 
collection techniques, most notable Light 
Detection and Ranging (LiDAR), computing 
power and geographical information 
systems (GIS) have allowed many 
opportunities for enhancing hydrological 
parameter estimation for urban systems. 
Drainage areas and flow path can now be 
delineated automatically using digital 
elevation models (DEM) of the land surface 
terrain. The recent accumulation of detailed 
LiDAR data facilitates the cost effective 
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development of detailed and accurate DEMs. 
Development of a hydrologically-correct 
DEM and its derivatives, primarily the flow 
direction and flow accumulation grids often 
requires some iteration through drainage 
path computations. To accurately represent 
the movement of water through the 
watershed, the hydrologically corrected DEM 
must have the proper accuracy and 
resolution to capture the details of overland 
flow (Figure 12 a & b).  

 
Figure 10 : Delineation of Watershed 
Boundary (After Amatya et al., 2013) 

According to Uniyal and Mohan (2015) the 
precise extent of flood water at micro level 
can also be delineated using LiDAR 
technology. With increasing availability of 
detailed ground topography in LiDAR 
datasets DEM’s can be produced using GIS 
raster techniques. Features like roads, 
buildings and stream banks have great effect 
on catchment dynamics and overland 
pathways and as such must be accounted for 
in the DEM set-up (Dean, 2007). 
The LiDAR data were effective in delineating 
the drainage and agricultural water 
management features (Figure 10).  DEMs 
based on high resolution topographic data 
such as LiDAR with field verification for cross 
drainage structures and roadbeds of the 

study watershed should be used for 
estimating more reliable boundary/drainage 
areas often used in hydrologic studies in the 
flat, low-gradient coastal plain landscapes 
(Amatya et al., 2013). It is useful in identifying 
and mapping  hazard areas downstream of 
structure. 

6.0 Conclusion 
Smart Cities” has become a very big topic 
worldwide, as governments seek to bring a 
wider range of services to its citizens, and 
greater efficiency to its own operations, 
location identification, place and other 
spatial information are available to 
governments, citizens and businesses as a 
means of organizing their activities and 
information. Integration and use of 
Information and Communication 
Technologies (ICTs) and geomatics tools like 
ARCMAP, ARCVIEW and LiDAR techniques 
are indispensable to the development and 
implementation of a Smart City. Geospatial 
techniques and Geometrics technologies, in 
combination with other engineering 
subjects and social and natural sciences, play 
an indispensable role in the development of 
future smart cities. The basic building 
models parameterized models, Prismatic 
models, and compound Polyhedral models 
provide the knowledge of describing the 
common building types and their structure 
formation with level of details (LoD). The LoD 
is used for improving the performance for 
the visualization in 3-D computer graphics to 
develop the whole virtual city model. 
7.0 Future Scenario 
The development of powerful analysis 
techniques for data fusion (Hyperspectral 
Remote Sensing and LiDAR) can greatly 
contribute towards innovative mapping of 
urban environment’s estimate potential and 
can be further used to assess  possible 
contamination in the urban environment. 
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The chemical composition of the urban 
materials can be estimated by spectral tools 
(field spectrometer, ground hyperspectral 
cameras, airborne and space borne sensors) 
that together with LiDAR data may provide a 
new tool to decision makers in the form of  
better surface properties map together with 
geometry in three-dimensional visualization. 
This can also be used not only for urban 
mapping, but also to the runoff chemical 
content, shade and shadow areas, shapes 
and forms of the urban elements. In futuristic 
scenario the fusion of LiDAR data with 
optical and hyperspectral data can provide 
high accuracy and increasingly higher data 
density coverage of the technology. 

Past few years have seen a remarkable 
development in mobile laser scanning (MLS) 
to accommodate the need for large area and 
high-resolution 3D data acquisition. 
Probably MLS and mobile video mapping 
solutions are one of the fastest growing 
market segments, which is 3D city modeling. 
Another emerging concept is Mobile 
Augmented Reality (MAR), defined as the 
extension of a user’s perception with virtual 
information. Virtual reality concepts are on 
the verge of becoming possible through the 
conjunctive use of these future oriented 
techniques like 3D GIS and LiDAR. 
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