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ABSTRACT:

This paper investigates the necessity of detailethse representation in order to generate a fleaglatform for the detailed
simulation of urban runoff and surface flooding ®edi by heavy rainfalls. In recent years, urbandiog has become one of the
major environmental hazards and it has caused datwathe buildings and properties over billion afrés. Expansion of urban
catchment areas mainly to cater for increased dénadiraccommodation, transportation and financidivaies has resulted in
complex and sprawling urban surface pattern. Behavdf surface runoff and flooding caused by stomasild also tend to be
complex over this urban surface. Tackling excessrstvater from huge urban catchment by seweragemyis not alone a feasible
solution as there is always limitation of sewerepgapacity. Provision of overland flow managemeithiw distinct surface features
as well as good knowledge of surface characiesig logically a potential option left to suppdgtailed modelling and analysis of
urban flooding. With this aim in mind, high resatut (<0.5 m) Digital surface model (DSM) has beemerated from airborne
LIDAR data. Special emphasis has been put on ifyemdi each tiny element (Triangle/pixel) of genedhDSM. A ‘dual reciprocal
approach’ of model based and pixel based autorobject identification has been applied in ordestocessfully describe relevant
surface characteristics in terms of rainfall-runaffd surface flow. In contrast to traditional LIDARgital Terrain Model (DTM)
generation, attention will be paid to generate L®DASM which is believed to simulate surface runoifre accurately as it
considers rainfall interception by trees and dimeptit of water to sewer system from building roafsl other impervious surfaces.

1. INTRODUCTION for hydrodynamic runoff calculations; in urban arean
addition, many line-shaped elements like houseghsguetc.
1.1 Motivation guide the runoff of water and require polygonalliibpirborne
data collection methods offer a great chance toawically
gather densely sampled input data.
The core focus of this research project is to coestdetailed
surface representation of a large area to suppbanuflooding.
‘Dual drainage’ is a term mostly used along withan flood
simulation techniques where pipe flow and surfdoev fare
combined. A number of literatures are availablecdbing this
dual drainage urban flood simulation model. In moktthe
cases, these works either cover very small pasgudfce area

Terrain models have always been a topic of intemestilitary

personnel, planners, landscape architects, civijiners, as
well as other experts in various earth scienceigi@lly terrain
models were physical models, made of clay, sandpdastic.
Since 1950's, the computer has been introducedthigoarea
and the modelling of the terrain surface has sies been
carried out numerically or digitally leading to thmurrent
discipline — digital terrain modelling. Digital t@in modelling (Street cross section) or relatively big area hgviack of
is a process to obtain desirable models of the samfice. Such adequate integration of GIS and remote sensingnigah. In
models have found wide applications in variousiglswes such  o4ay’s research in the field of Geosciences, Hgdyp and
as mapping, remote sensing, civil engineering, mYni Epyironmental science integration of remote sensing GIS
engineering,  geology, hydrology, land —planning andiechnology has put an immense impetus of explogngry
communications. Therefore, digital terrain modglirhas possible aspect. This research aims to integratanagd
become a discipline receiving increasing attention. remote sensing technology (airborne LIDAR data) anche
Traditional methods fail for the purpose of simirgtthe  formg of field data within GIS boundary to bettésualize and
complete flow process in urban areas as a consequdeavy  characterize large urban area as accurately aosEnis is to
rainfall and as required by the European Standatd&2 since  mention that, the goal of the research work isuppsrt urban
the bi-directional coupling between sewer and serfis not  fiooding i.e., to make a supplementary platformhwdtetailed
properly handled. The new methodology, developedth® information to represent surface of a large areachwiwill

EUREKA-project RisUrSim, solves this problem by &g eyentually act as an input to dual drainage floddutation
out the runoff on the basis of shallow water equetisolved on  5del.

high-resolution surface grids. Exchange nodes heiwthe

sewer and the surface, like inlets and manholes)amated in =~ 4 5 Scope of the Work

the computational grid and water leaving the sewerase of

surcharge is further distributed on the surface.ndBe Urban Flooding has become an important issue inarurb
topographical information is needed to build a nicietable drainage planning and operation. The proper desigitainage



systems and analysis of their hydraulic performancessure or
improve flood protection require accurate simulatimodels
applying dual-drainage modelling based on detadgdtem
data.

Current modeling and simulation techniques aredasea very
detailed computer representation of the undergroseder
network. They allow accurate sewer flow modelingdgpamic
flow routing. At the same time, the surface datad@éscribe
relevant rainfall-runoff processes, being the dgviforce of
urban flooding, are still very coarse. It has beeoognized,
however, that surface flow processes heavily afféoe
occurrence and extend of flooding both in termsvafer levels
and damage. Modeling of urban flooding thereforguines a
much more detailed representation of the catchizesa on the
surface. Available surface data, however, are mdlg
heterogeneous, fragmentary and highly unstructureduiring
innovative and efficient methods of data mining anolcessing,
visualization techniques are a promising approachenerate
an adequate data base for modeling and simulaticurb@mn
flooding.

The concept of urban drainage through minor systeen,
underground pipes and major system, i.e., parttreét cross-
section was introduced in the eighties in North Aoz When
both of these sub-systems are used as storm dmins
controlled manner, this is commonly referred to dsal
drainage.

In conjunction with the advances in simulation t@Egnes
(Tomici¢ et al., 1999), the developments in data acquirsiiod

of LIDAR data for DEM generation over the last déeaas
more reliable and accurate LIDAR systems are deeslo
(Sithole and Vosselman, 2003). Lohr (1998) and Krand
Pfeifer (1998) are pioneers who demonstrated titatslity of

using airborne LIDAR for DEM generation. Since thB&EM

generation from LIDAR data under various condititvas been
documented by many authors (Lloyd and Atkinson,20Wack
and Wimmer, 2002; Lee, 2004; Lloyd and Atkinson0&0
Kobler et al., 2007). With LIDAR data, high-densépnd high-
accuracy DEMs can be generated.

As an active remote sensing technology, airbori2AR data
are free of shadow. As such, LIDAR has advantager ov
photogrammetry for DEM generation in urban areasvah.
However, raw LIDAR data can contain return sigrfatén no
matter what target the laser beam happens to sirkkiding
human-made objects (eg, buildings, telephone pales,power
lines), vegetation, or even birds (Barber and Sthddge, 2004;
Stoker et al., 2006). The desired target for DEMegation is
bare earth points. Therefore, it is crucial tcefilor extract bare
earth points from LiDAR data. Various filter metfsodhave
been developed to classify or separate raw LiDARa dato
ground and non-ground data. However, none of aughfiter
processes is 100% accurate so far (Romano, 200dhudl
editing of the filtering results is still needed h@, 2007).
Efforts are still needed to improve the performamefilter
algorithms. Airborne LIiDAR technology is still ddeeing
rapidly in both sensor and data processing. Thepetition
between LIDAR sensor manufactures is mostly focused
increasing laser pulse repetition rates to collecire data
points. The pulse repetition rate has increaseu fass than 50

GIS technologies (Prodandyil999) have enabled explicit and kH in 2001 (Flood, 2001) to 250 kH now (Lemmensp20

more consistent treatment of minor-major systereration.
That leads not only to more technically sound desif both
sub-systems, but also to more reliable simulatiénudban
flooding and analysis of the consequences (Sch2@i@?).

1.3 Related Work/ Literature Review

Digital elevation models (DEMs) play an importamter in
terrain-related applications. Researches on terrdata
collection and DEM generation have received grégnton.
Traditional methods such as field surveying
photogrammetry can yield high-accuracy terrain dhtd they
are time consuming and labour-intensive.

LIDAR data have become a major source of digitatain
information (Raber et al., 2007) and have been usedwide
of areas, such as building extraction and 3D unpadelling,
hydrological modelling, glacier monitoring, landforor soil
classification, river bank and coastal managemant| forest
management. However, terrain modelling has beerptineary
focus of most LIDAR collection missions (Hodgson at,
2005). Actually, the use of LIiDAR for terrain datallection
and DEM generation is the most effective way (Furland
Nardinocchi, 2007) and is becoming a standard jpeaab the
spatial science community (Hodgson and Bresnah@f4)2

LiDAR has been studied since the 1960s (Flood, 001

Researches and design on airborne LiDAR for topuigcadata
collection started from the 1980s (Krabill et 4984; Bufton et
al., 1991). Commercial airborne LiDAR systems hdeen
operational since the mid-1990s (Pfeifer and Brie€87), and
it continues to be an active area of research @weldpment
(Flood, 2001). There has been a significant inereéashe use

High-density data make it possible to represemgirin much
detail. However, high-density data lead to a sigaift increase
in the data volume, imposing challenges with respeadata
storage, processing and manipulation (Sangster,2)200
Although LiDAR data have become more affordable deers
due to the gradual dropping of the costs of LiDARtad
collection, how to process the raw LIDAR data effedy and
extract useful information remains a big challen@&hen,
2007). Furthermore, because of the specific chanatts of
LIDAR data, issues such as the choices of modetineghods,
interpolation algorithm, grid size, and data rethrct are

andchallenging study topics for the generation of ghhguality

DEM from LiDAR data.

The above described works are mainly related toARDdata
processing in an attempt to make DTM or DSM asutely

as possible. There have been some works on thieatpm of

LIDAR data in the context of flood modelling. Vefgw of

them have discussed applicability of LIDAR data support
flood modelling in a complex urban area. Schmitalet 2004
introduced the concept of urban surface detailing small area
and connected it to urban drainage modelling. Nogn2907

described detailing of complex urban areas inclgdsubtle
surface distinction such as street, curbs and sililew Haile

and Rientjes, 2005 described the sensitivity of ARDDEM

resolution on urban flood modelling.

2. MATERIALSAND METHODS
2.1 Test Data

The study area was part of Kaiserslautern Univeraitd its
surroundings. Raw LIDAR (light detection and rampirdata



having spatial resolution of 0.25 m, was acquirednf BSF
SwissPhoto. It means that at every meter on thengtowe
have got 4 points which is sufficient enough tocdiee many
small surface properties apart from buildings aigl dbjects.
Other available supporting data are city polygonpsnaf
buildings and streets, aerial imagery of 25 cmiapegsolution.

Figure 1: Aerial image of the study area

2.2 Model Generation

Figure 2 shows the main work flows of the reseavohk. The
work flow is mainly designed to develop a model ethiwill
take LIDAR data and other additional informationigsut and
will produce desired surface model as output.

LIDAR data
LIDAR DSM

Object detection

Aerial Image

Building and tree
separation

Roads, parking place,
Grassland detection e

Surface

| characterization |

Input to
Dual drainage model

Figure 2: The work flow

2.3 Model Development

A morphological filter was designed based on tHermation
of height and standard deviation to extract norugdoobjects
such as building and trees. The objective of obgegtaration

was to differentiate between buildings and treaslater object
property attribution. The idea in mind was that thén water
falling on the roof top will go directly to the sewage and in
case of trees there will be initial interceptiorfdve the water
touches ground.

Figure 3: Objects (Buildings and Trees) extraction from
LIDAR point cloud. Figure at the left shows Unstwed
LIDAR data and figure at right shows extracted otge

2.4 Object Clustering

After extraction of non ground objects from LIDARvipt
cloud, attention was paid to the discriminatiorobjects. Work
has been done on the separation of buildings agdtaton.
Most of the works use a variety of dataset suchn&sred
imagery, colour imagery, LIDAR data and combine nthe
together to separate the objects.

Several studies have shown that LIDAR data hasptiential

to support 3D feature extraction, especially if bimed with

other types of data such as 2D GIS ground planen(fssr and
Haala, 1999; Weidner and Forstner, 1995). The ion of

DTM from a DSM with the help of image matching issdribes
in Jacobsen and Passini, 2001. The use of reflesthased
identification is described in Hug, 1997. Oude dfibk &

Maas, 2000 describe the use of anisotropic hemgtitite such
as the co-occurrence matrix and contrast texturasores in
LIDAR data used for unsupervised classificationisTimethod
allows to remove the vegetation. In this work aterapt has
been made to separate buildings and trees from RIpAint

cloud only. The algorithm is based on the idearnTake packet
of all visible clusters’ and later an individuakatment was
applied to each of the cluster to recognize thaftgons in terms
of building and tree.

The algorithm starts with the first numerical poafithe dataset
supplied as text (*.txt) file to the system. Le¢ thoint is P1. P1
searches the nearest point P2 within a given tbtdstalue.

Then P2 searches its nearest point P3 within treshiold and
stores all the points in a packet until the lashp&n does not
find any point within given proximity. The formatioof a

‘cluster packet’ is thus completed and the algamitihen fixes

the next point sequentially from the text file léstd allows it to
grow into a new cluster. When the point P1 dodsfind any

point in its threshold proximity, it makes a clustéone itself.



Figure 4: Automatic object packeting technique

After making segmentation of all the visible clusteeach of the
‘packet clusters’ was investigated.

2.5 Object Classification

The object clustering approach not only ‘packetsodject but
also gives each packet a numerical identity. Thisnerical
identity helps better classify the object followsglthe ‘Pseudo
gridding’ algorithm. Pseudo gridding is an applodc break
the whole objects into small square block. Thenheak the
small grids was checked to designate that grid itfsere
‘building’ or ‘tree’. Height profile was the critex that were
investigated for each grid. The assumption behml¢hecking
is that tree surfaces have more irregular heigbfilprwhereas
building surfaces have regular height profile.

3. RESULT AND DISCUSSION

Object separation approach solely from point cldath applied
in this research was highly satisfactory but ndd%0accurate.

34089
x 10’

Figure 6: Object classification in point cloud data (Red:
Building, Blue: Trees)

Figure 7. Aerial image of part of the study area where obje
classification was investigated

These shortcomings could be overcome by looking deto
pattern matching in height profile distribution. r@@eally
chimneys, stair house, water tanks and other abjeatise

Because the study area has got buildings with ocexnpl abrupt change in height profile of buildings withtfroof. But

boundary and irregular roof surface. As the algoniiooks into
the smooth height profile, errors occurred in aafseigged roof
surface. As a result the classification accuradfesed partly.
Figure 6 shows the classified objects (Red: BugdiBlue:

Tree) in LIDAR point cloud. There is clear misclifisstion in

some of the packets of point cloud. The mainaras that the
part of the study areas had buildings with veryegtar
rooftops. In figure 7 it can be seen the irregtikesiof buildings
both in shapes and roof surface height profile.

388 3408 3408 3408 3468 34089

Figure5: Concept of Pseudo Gridding

still these abrupt changes are different from cardgus rough
surface that usually trees have.

Apart from looking only into point cloud to explori@tact
pattern of building and trees, other additionaldsts can be
made and linked to the previous approach as sueplemy
information.  This additional study in this resdars the
potential source of information that can be derifredn aerial
photo of the study area. In case of infrared imageis easy to
separate pixels containing chlorophyll informatian, trees. As
there is no infrared image in this project, andréhis only
colour image available, it was difficult to extraotes from the
aerial image.

Edge detection technique was applied to segmeidibgiand
tree boundaries in the aerial image. Canny edgectieh
technique was applied and then each of the segthettject
was identified and numbered vector array. Now paring
some kind of shape matching to each of the objemtildv
discriminate between building and trees. In futaeplication
of fractal dimension and other suitable shape niagch



technique will be applied to distinguish buildingdatrees. The
idea is that building boundaries has got relativefyular shape
whereas tree boundaries have irregular or roungeshdome
buildings happen to be round shape also or thegatrbie trees
or bushes attached to a building structure. Theasdskof

situations can be solved after combining both semrof

information coming out from point cloud and imagealysis.

This approach will be named as ‘dual reciprocakragph’.

Figure 8: Object segmentation by edge detection technique

4. IDEASON STREET EXTRACTION

Street detection in a digital surface model has igohense
importance in terms of surface runoff. The openin§street
inlets and manholes are on it which leads the serfeater into
the underground sewer system. In dual
simulation model, the exact delineation of manhealed street
inlets are very important. The more accurate is sheet
extraction from LIDAR point cloud the better willebthe
simulation platform for urban flooding. Another iompant
emphasis of this research is the detailing of sresdewalks
and the height of the curbs. Usually height of ¢thebs range
from 5 to 10 cm. At the same time LIDAR data hastivel

accuracy of 3 to 5 cm. It is a challenging taskiébermine the
curb height accurately because in many placesuteheight is
too small or there is no curb at all. The curb heig important
in simulation model because of the location of edtrmlets.
Street inlets are located at the foot of curb whil.case the
street inlets are located on the top of curb walintistakes,
flood modelling is going to be affected.

Figure9: City street polygon map overlaid on aerial image

The process street extraction from the LIDAR datm de
guided by city polygon streets map. Usually thesspsnare
provided in vector format. It needs to transforntoimaster
image format and then can be combined with graleseeter
image produced from LIDAR point cloud.

5. IDEAS ON PARKING PLACE AND OTHER PAVED
SURFACE SEPARATION

The most difficult part in detecting surfaces li@rking places
and other paved areas solely from LIDAR data i$ tiiere is no
characteristic height information about paved sg$aand
grassland or bare soil. But image information caralpotential
source for different types of surface detection
characterization.

When we look at buildings or roads in a streeseéms quite
simple to discriminate urban materials: they alvéhapecific
colours and roughness. However, this discriminatenains

drainage dfloomore difficult from airborne acquisitions using amfatic

classification. This is mainly due to illuminatieonditions and
especially shaded effects, and also directionapgmees of
urban materials (Meister, 2000). Indeed, some urbaterials
such as tiles reflect different amount of energiepending on
their relative orientation towards light sourcesl abservation
directions. These phenomena could be nearly ceddnt using
a radiative transfer algorithm (Richter, 2002; Ntasty, 2004).
On the other hand, some misclassifications coufdecdirectly
from spatial variability of the urban material redjass of
irradiance conditions. This section addresses hiblem by
analysing and quantifying spatial variability ofptgal urban
material spectral signatures.

Study of spectral signature from any multispedira@ge (Such
as IKONOS, Quickbird) is a potential technique ecdminate
different types of urban surfaces.

and
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Figure 10: Different types of urban surfaces
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Figure 11: Hyperspectral reflectance of urban surfaces

6. SURFACE CHARACTERIZATION

‘Surface characterization’ is an important ternthis research.

The main idea of this research work is to build SMDto
support the concept of dual drainage simulation ehddDAR
data helps to generate a digital surface model (Ppakd
automatic object detection is the approach totkell computer
about the identity of the objects. After detectmhobjects in
the DSM such as buildings, trees, streets, parkitace,
grassland, bare soil and other paved surface, mueirsurface
property will be assigned to each of them in teghsainfall-

runoff and surface flow. For examples, storm wdading on

the trees will have interception period before tong surface.
Water falling on the building tops will directly go the sewer
system. Rain falling on the street will start runpfocess and
go inside the inlets and manholes whereas rairdall the

grassland will start infiltration. Paved and pdlyipaved areas
will exhibit their percolation/infiltration and ruff properties.

7. CONCLUSIONS

This paper has presented three new techniquesfoorabject

extraction form large and unstructured LIDAR paifdud data
and another for automatic object packeting algonrittio

facilitate better handling of each object clusténd the third
one is the idea of ‘Pseudo Gridding’ to distinguisétween
buildings and trees. It is necessary to mentior lileat object
extraction from point cloud data was done througbighing a
morphological filter. Like many other filtering agthms, it

searches object on the basis of height informatiginwith the
exception of additional standard deviation criterithe object
packeting algorithm is based on the concept ofalirgistance
calculation among points within a certain threshiolghut them
into a ‘Packet’. The pseudo gridding algorithm dke the
cluster down to small square grid and then chebkshieight
profile of each grid in order to designate the vehduster either
as building or tree. The result of object clasaifien (Buildings
and trees) only from point cloud was highly satisay with

the presence of some misclassification. The ides leen
proposed here to overcome this inaccuracy by usihgr mode
of information such as aerial image. Buildings atrdss
separation in a DSM is only the first major stepsvards
generating very high resolution surface model witbry details
of urban drainage elements as accurately as pes3ibé future
idea of this research project has been discusseflybio give

an overview about the ultimate products of the gubj
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