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1.0

INTRODUCTION

Many government agencies and other organisations currently rely on geospatial systems for decision making.
Consequently, regular acquisition and updating of geospatial datasets is a priority. Updating geospatial
information in changing urban areas is always a challenging task. Geospatial information is usually updated by
conventional methods such as surveying and manual editing of geospatial datasets, which are labour intensive,
time consuming and costly (Wrzesien et al. 2003). Hence automation of such data updation procedures is of
great interest in geospatial community. Conversely high resolution (Hi-Res) remote sensing data offering a
detailed view of large coverage areas can be beneficial for automated procedures where information derived by
converting pixel based information to meaningful thematic data. Such pixel based land cover extraction
procedures are widely used in landscape analysis (Luck and Wu, 2002). However compact juxtaposition
associated with urban features and limited number of available spectral information, induces scalar and spectral
noise in thematic maps derived from such land-use land-cover (LULC) classification procedures. This crucial
problem of urban land cover delineation is targeted in the current study by integrating complementary LiDAR
data with Hi-Res WorldView-2 images for downtown Auckland, aiming to develop a simplified procedure for
identifying various LULC commonly found in urban areas suitable for geo-spatial applications.

Extraction of land cover information from Hi-Res satellite imagery from those parts of the urban area
characterised by a diversity of land-use types is difficult. For instance, central business districts contain a variety
of building type, impervious surfaces such a roads and a range of other land-use types comprising as parks,
gardens and water bodies. Vegetation and water bodies can be distinguished by their unique spectral properties.
Impervious areas on the other hand comprise of a wide range of features such as buildings, roads (motorways,
arterials, dirt, and sidewalks), parking lots and other impervious surfaces. These manmade features are made up
of complex materials such as metal, glass, concrete and asphalt, which may be spectrally similar and thus
difficult to differentiate purely on spectral reflectance obtained from imaging sensor (Herold et al. 2003).
Additionally, shadows cast by high-rising features diminish direct solar irradiance for the neighbouring objects
which may leads to partial or total loss of radiometric information in affected areas. As a result pixel based
image analysis methods may induce thematic inaccuracies in identifying the objects in the shadowed areas
While extreme spatial, textural and geometrical diversity further persuades spectral and scalar noise in the
thematic map derived (Donnay et al. 2001). Use of additional information such as 3D LiDAR data,
complementary to the spectral data of satellite images has been attempted successfully to extract various urban
features such as buildings (Rottensteiner et al. 2002; Tao et al. 2002; Sohn et al. 2007; Chen et al. 2009), roads
(Hu et al. 2004; Tiwari et al; Chen et al. 2009) and vegetation (Rutzinger et al. 2007; Holmgren et al. 2008). Yet,
drawbacks such as lack of robustness in adapting to various interpretation parameters and automation hamper
the effective use of LiDAR data and Hi-Res images for LULC extraction. Furthermore, many of the current
methods are customised to target single feature identification and extraction, limiting their applicability to other
types of urban scene.

With above in mind, the current study aims to facilitate identification of simplified feature classification
procedure integrating LiDAR data and hi-res satellite images in order to recognise various LULC commonly
found in urban areas. The study focuses on effective fusion of LiDAR products such as digital elevation model
(DEM), with that of multispectral satellite imagery to identify various feature segmentation parameters. Instead
of using LiDAR elevation as complementary data source during image segmentation, the research investigate
use of normalised Digital Surface Model (nDSM) as a prime image segmentation parameter yielding better
results in spectrally similar features. The progressive feature identification and extraction approach proposed is
expected to minimise classification inaccuracies caused by spectral and spatial complexity of the image content.

2.0

Method

The area is Auckland city, specifically the core of the central business district (CBD). The CBD is located on the
northern shore of a narrow isthmus and extends from the Auckland waterfront on the Waitemata Harbour
(Fig. 1).

Fig. 1 Study area: - Auckland CBD (Google earth, digital Globe 2009)
The imagery was acquired from Worldview-2 (DigitalGlobe) multispectral imagery on 30th October 2010,
covering approximately 25 km² of central Auckland is used as primary data source (figure 2a), of which around
3 sq. km area comprising of CBD is considered for this study. 2005-06 LiDAR data was provided by New
Zealand Aerial Mapping Ltd. (NZAM). The data supplied in LAS point cloud format comprising both ground
and above ground points at an average density of 1 point/m².is used as complementary datasets to satellite
imagery (figure 2b).
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Figure 2: Data used a) Worldview-2 multispectral imagery, b) LiDAR data
In an object-based feature identification approach, multi-resolution segmentation algorithm in eCognition
environment is applied (figure 3). nDSM data offering object elevation information is considered as main

segmentation parameters supported by spectral information (NDVI, ZABUD and red spectral channel) applied
to group various urban features based on homogeneity criteria. In a new approach, all image objects obtained
from segmentation process, differentiated into intermediate ground and above-ground classes based on elevation
data. A hybrid supervised and Rule-set based parametric classification is performed on the intermediate (ground,
and above-ground) classes identified, to obtain various land features.

Figure 3: Methodology opted for the land feature identification
For data segmentation and classification, nDSM and slope derived from LiDAR data in conjunction with
spectral components significantly improved the segmentation process, yielding better pixels grouping in
spectrally complex impervious areas. Additionally, effect of shadows on segmentation region (figure 4a) is
reduced dramatically by applying active LiDAR nDSM (figure 4b) data devoid of any shadows.
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Figure 4: Effect of shadows on image segmentation (a) and after applying nDSM (b)

Feature classification process based on the proposition that all the image objects (features) in a given area can be
divided into ground and above-ground based on the elevation. Using this condition, intermediate classes (ground
and above-ground) are derived from nDSM threshold (Figure 5b).
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Figure 5: a) image segments and b, transitional classes ground (yellow) and above-ground (red) based on
nDSM threshold.
Based on the elevation, land-cover classes are categorised into intermediate ground and above-ground classes
(table 1), enabling simplification of parametric rule-set for classifying land features.

Ground
Water
Grass, ground Vegetation
NA
Roads
Asphalt roads, Impervious surface,
open space

Above Ground

Trees
Buildings
Elevated road segments,
NA

Table 1: Land feature categorised based on elevation
In a stepwise classification approach, features categorised as ground are classified using sample based standard
nearest neighbour (SNN) feature space optimisation. Based on samples, average for layers 3, 4 and NDWI,
while ratio for layers 6, 3 and ZABUD identified from feature-space optimisation applied to designated classes.
As identified in table 1, water, ground-vegetation, roads, asphalt roads impervious surface (concrete) and open
spaces are obtained from classification of intermediate ground class (figure 6).

Figure 6: Various land features under intermediate class ‘ground” is recognised.

A rule-set based corrections stage is applied on individual classes to remove any localised misclassifications.
Due to spectral and spatial complexities associated with features in above-ground class, individual parametric
rules are applied to extract trees and buildings (low, med and high rise) (figure 7).

Figure 7: Sub classification of intermediate ground and above ground classes, yielding land features.

3.0

Results

Initial analytical tests confirm accuracy of 93% for objects classified under transitional ground feature class. Pre
classification of image segments into intermediate classes (ground and above-ground) segregated the parameters
associated with individual land-covers to either of the two, restricting their influence to a particular land-cover
class. For example, shadows induced significant inaccuracies (figure 8a) when identical standard NN parameters
were applied on image objects not differentiated into ground and above-ground, while LIDAR base preclassification drastically reduces the influence of shadows (figure 8b).
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Figure 8: Shadow induced misclassification (a) of man-made impervious objects and
corrected classification using LiDAR (b).
Usage of elevation information derived from LiDAR enables simplification of rule-sets for spectrally identical
features such as grass or natural turfs and trees. As both comprises of vegetation, differentiation between trees
and grass would otherwise require much complex and more feature oriented (texture, shape, scale etc.)
classification parameters. With pre-classification of similar objects to ground and above-ground, trees and grass
features are separated by applying minimal information (mean NDVI and ratio-ZABUD). ZABUD, an index
modified from original ZABUD derived by Lewinsky (2006) for delineating built-up area from LandSat-ETM+
sensor, proved to be effective in identifying asphalt features such as roads. During the investigation the original

index is successfully modified to incorporate spectral channels in the WsorlDView-2 image. A typical ZABUD
image (figure 9) exhibits very low spectral response and negligible impact of shadows, making it ideal for
demarcating road segments in shadowed regions.

Figure 9: Typical ZABUD index image

4.0

CONCLUSIONS

A simplified hybrid approach of elevation based segmentation is investigated in the current research. Evaluation
carried out prior to accuracy assessment indicates enhancement in feature segregation in spectrally complex
urban areas. Features which otherwise prove difficult to differentiate, effectively segregated by applying LiDAR
nDSM. A streamlined method based on early separation of ground and above-ground features followed by
hybrid supervised- rule set classification approach based on parameters such as NDWI, NDVI, ZABUD etc. can
be very beneficial in standardising a methodology which will be applicable in all urban scenarios.
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