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ABSTRACT: 
In this paper we describe our work on the automatic extraction of trees from aerial images and digital surface models for the 
refinement of 3D city models with information about trees. Three different aspects of this issue are discussed in the paper. First we 
give a motivation for the application of the automatic approach for tree extraction. An example is given by a visual comparison of a 
3D city model with trees and the same one without trees. One can see – even in the screenshots - that the impression of quality 
becomes much better, if tree models are placed in the scene. In the second section a short overview on recent work regarding the 
extraction of trees is given. Furthermore, the common elements of the published algorithms are pointed out in this section. The 
strategy of our multiscale approach for the automatic extraction of tree tops from remote sensing data is introduced in the third 
section. The paper closes with a summary, some examplary results and an outlook on further work. 
 
 

1. INTRODUCTION 

Obviously, trees are important 3D objects in real as well as in 
virtual cities, not only for the orientation and recognition of 
the virtual city, but also for visibility computations which are 
performed for modern landmark based rout descriptions 
(refer to (Brenner & Elias 2003)). But, even if many people 
seems to be interested in vegetation for 3D city models (cf. 
(Fuchs et al. 1998)) relatively few work was published on the 
automation of the extraction and integration of trees. 
 
From the viewpoint of data capturing there are some 
obstacles for the extraction and integration of trees: The first 
obstacle comes from the conflict, that the best time for image 
acquisition for the extraction of vegetation is during the 
vegetation period. Which is again not optimal (or necessary) 
for the measurement of buildings and roads. The only 
argument against is, that one could extract buildings and 
roads from images which were recorded during the 
vegetation period, even if there are some problems due to 
exclusions and things like this. But the extraction of 
vegetation parameters is often not possible from images, 
which are captured outside the vegetation period. 
 
The second drawback seems to be a little bit outdated, but it 
should be mentioned here: For the extraction of vegetation it 
is very helpful to have the optical information in the infrared 
band. Formerly – in the period of analogue aerial cameras - 
one had to decide between colour infrared (CIR) film and 
normal colour film. And often it was decided to capture real 
colour images, because the most users are more familiar with 
this type of imagery for interpretation and due to the 
advantages for visualisation. Nowadays, up-to-date digital 
cameras allow us to capture both types of images in one 
flight. The CIR images can be used for the extraction of 
vegetation parameters and the normal colour ones for the 

production of orthoimages for visualization. And as a result, 
this drawback is no more really relevant.  
 
The third practical obstacle for the development of automatic 
approaches is perhaps the most important one. A tree can be 
measured interactively by a human interpreter with only one 
or two mouse clicks. The first one defines the tree top and the 
second one defines the radius of the tree. That means, even in 
the case that an automat would be able to detect and measure 
really every tree in the scene, only these two clicks per object 
can be saved. And in fact, that is not really much of one 
compares it with the effort for a single building or a road. 
 
In the next short section we will give a motivation that it can 
make sense to spent some of effort for saving these two 
clicks. The third section of this paper gives an overview on 
recent work in the domain of “tree counting” and leads over 
to some relevant differences between the extraction of 
individual trees in forest and in urban areas. A short 
description of the multi-scale approach for the automatic 
extraction of tree tops is given afterwards. In the last section 
the results of a performance evaluation are mentioned, an 
overview is given about the scene, which is presented at the 
beginning of the paper. Finally some further work is 
proposed. 
 

2. MOTIVATION 

Obviously, it would be very helpful if an automatic algorithm 
would be able to detect reliable more than 99.5% percent of 
the visible trees in a given scene. A service provider having 
this algorithm would be able to provide his client with an 
additional nice-to-have doodad without additional costs on 
both sides. Automatically extracted trees as a marketing 
instrument, why not? 

 



 

 
Figure 1: 3D model of the “Welfenschloß” the main building of the University of Hannover “standing” on an aerial image. 

 
 

 
Figure 2: 3D model of the “Welfenschloß” with automatically extracted trees. The map-like image used as ground texture shows the 

result of an edge extractor (A Deriche operator (Deriche 1990) was applied to the aerial image, which is used as ground 
in the figure above. The tree template which was used for the VRML model was originally described in (Saint John 
1997).) 

 
 
 
In this section we want to show, that – even if the applied 
automatic algorithm works not perfect – it could make sense 
to have such an automatic algorithm for the extraction of 
trees. 
 
The figures on the top of this page should give an impression 
of the impact of 3D tree models in the virtual city model. 
Figure 1 shows a 3D model of the “Welfenschloß”, the main 
building of the University of Hannover. (The reconstruction 
of the buildings in the city was performed manually with the 
inJECT software of INPHO GmbH.) The model was set onto 
an orthoimage, in order to give a more or less realistic 
impression of the scenario. With exactly the same amount of 
manual work one can produce the model which is predicted 
in Figure 2. The map-like texture on the ground was 

computed with a standard edge extractor without any manual 
support. The 3D tree models in the scene are the result of the 
approach for automatic extraction of trees from aerial 
images, which is explained in the following section of this 
paper. 
 
The situation with the automatic approaches for the 
extraction of topographic objects is, that 99.5% are not 
achieved in the moment. Even a success rate 95% is not 
realistic, except in simple scenes. One of the reasons is, that 
one has to simplify the real world to a model, which in fact 
cannot cover all possibilities. And the more complicated the 
model, the more complex becomes the tuning of the – 
necessarily - increasing number of parameters. As a result, 
the success rate of the most automatic systems is – roughly 
speaking - between 70% and 90%. Significantly lower 



 

numbers point at a very complex situation or a very poor 
approach, and significantly higher numbers would raise 
suspicion, that the results of the automatic approach are a 
little bit sugar-coated. This holds also for the automatic 
extraction of trees. Let us expect a success rate of 66% for an 
approach which automatically extracts trees and “plants” 
them into the virtual city, without additional costs for the 
service provider. This is exactly, what we see in Figure 2. 
This is an interesting give-away for class A customers, or 
not? 
 
In other words: As a potential customer of a 3D city model, 
who can select between the one product with 66% of the 
trees and another one without any trees in it. Both for the 
same amount of costs, which one would you choose? 
 

3. STATE OF THE ART 

The first trial to utilize an aerial image for forest purposes 
was performed in 1897 (Hildebrandt 1987). Since that time 
the scientific forest community is working on methods for 
the extraction of tree parameters from aerial images. Early 
work was carried out on the manual interpretation of images 
for forest inventory (Schneider 1974), (Lillesand & Kiefer 
1994). The pioneers in the field of the automation of the 
interpretation task “extraction of individual trees from 
images” proposed first approaches about one and a half 
decade ago (Haenel & Eckstein 1986), (Gougeon & Moore 
1988), (Pinz 1989). Recent work in the field was published in 
(Pollock 1996), (Brandtberg & Walter 1998), (Larsen 1999), 
(Andersen et al. 2002), (Persson et al. 2002), (Schardt et al. 
2002).  
 
A in depth state of the art overview regarding the automatic 
extraction of trees is given in (Straub 2003a). There are 
mainly two common elements in the most approaches: The 
first one is the use of a rotationally symmetric geometric 
model of a tree, as it was proposed by R.J. Pollock in 
(Pollock 1994). A three dimensional surface which simplifies 
the shape of the crown to an ellipsoid of revolution (assigned 
as Pollock-Model in the following). The surface of a real tree 
is of course very noisy in comparison to this simplification. 
This “noise” is not caused by the measurement of the surface, 
it is simply a consequence of the simplification for a very 
complex shape like the real crown of a tree. The idea is, that 
the coarse shape of the crown is well modelled with such a 
surface description. This leads over to the next common 
element of the most approaches, the use of some kind of low 
pass filtering in order to get rid of the “noisy” fine structures. 
Most authors propose to apply – with good reasons - a 
Gaussian function as low pass filter in this early processing 
stage, refer to (Dralle & Rudemo 1996), (Brandtberg & 
Walter 1998), (Schardt et al. 2002), (Straub 2003b), and 
(Persson et al. 2002). 
 
Some work with focus on the automatic extraction of trees in 
urban areas was also published. In (Haala & Brenner 1999) it 
was proposed to use node points of the region skeletons of 
groups of trees as hypothesis for trees. Morphological 
processing of automatically extracted tree groups is also used 
in (Straub & Heipke 2001) for the computation of tree 
hypotheses. Local maxima of the digital surface model are 
used in (Vosselman 2003) for the detection of trees. The 
proposed solutions are constrained to elongated regions with 
trees (Haala & Brenner 1999), (Straub & Heipke 2001), or 
less complex scenes (Vosselman 2003). But, not all the trees 

in urban environments are standing in rows along roads or 
lines of buildings. In many cases they occur in compact 
arrangements, which are not fare away from forest scenes 
(refer to Figure 3). 
 

 
Figure 3: An “urban forest” inside of Hannover close to the 

University. 
 
This was the motivation to develop a process for the 
automatic extraction of trees in urban environments, which 
should fulfil the following pre-conditions: It should be able 
to handle trees in different local context, i.e. as far as possible 
it should be the same algorithm for the situations single tree, 
row of trees, compact group of trees. Another important 
aspect for the extraction of trees in urban environment in 
contrast to a forest is, that smaller trees are not covered by 
the bigger ones. As the diameter of a tree can vary from two 
meter up to fifteen meters (cf. (Gong et al. 2002)), and in 
urban environment, small and big trees often stand close 
together. Therefore it is necessary to perform some kind of 
mechanism for the selection of the locally best (or optimal) 
scale for the extraction of the low level features. The scale 
selection is also a problem in forest areas: In (Schardt et al. 
2002) it was proposed to use the scale selection mechanism 
proposed in (Lindeberg 1994a), which based on the 
maximum response after Scale-Space transformation. In our 
approach the scale selection is applied on a higher semantic 
level, i.e. after the segmentation of the image, and not before 
as it was proposed in (Schardt et al. 2002). This allows an 
internal evaluation of the segments on this semantic level, 
which is particularly then important if it is necessary to 
distinguish between trees and other objects (as well as in 
urban environments). 
 

4. STRATEGY OF OUR APPROACH 

In principal, there are two possibilities to build a strategy for 
the automatic extraction of trees from raster data. The first 
possibility is to model the crown in detail: one could try to 
detect and group the fine structures in order to reconstruct the 
individual crowns. The second possibility is to remove the 
fine structures from the data with the aim to create a surface 
which has the character of the Pollock-Model. In the 
literature examples for both strategies can be found: In 
(Brandtberg 1999) it was proposed to use the typical fine 
structure of deciduous trees in optical images for the 
detection of individual trees. In (Andersen et al. 2002) the 
fine structure of the crown is modelled as a stochastic process 
with the aim to detect the underlying coarse structure of the 
crown. 
 



 

The other strategy, the removal of noise, was proposed by 
(Schardt et al. 2002), (Persson et al. 2002), and (Straub 
2003a). The main problem of the second type of approach is 
the determination of an optimal low pass filter - which is of 
crucial importance for the segmentation - for every single 
tree in the image. It is kind of a chicken-and-egg problem: 
the optimal low pass filter depends mainly on the diameter of 
the individual tree one is looking for, which is not known in 
advance. In the case of trees this size can neither be assumed 
to be known nor is it constant for all trees in one image. The 
size of trees depends on the age, the habitat, the species and 
many more parameters, which cannot be modelled in 
advance. 
 
Process of object extraction from images and/or surface 
models generally depends on an object model as well as a 
strategy for extraction of image features, their combination, 
and their relation to the model. A generic geometric model of 
a tree is used which basically consists of a function 
describing the tree top. Based on this model features are 
identified, which are used to recognise single tree tops from 
the image data. The basic idea for this strategy consists of 
two steps (cf. Figure 4). At first, the often very complex fine 
structures are removed from the surface model by using 
multiple scale levels in linear scale space. As a result of 
scale-space transformation the tree top can be identified in 
the surface model based on the coarse structure. Here, the 
main problem is, that on the one hand the diameter of a 
single tree continuously varies in reality, but also strongly 
influences the choice of filter parameters. To overcome this 
difficulty, the image data was examined at different scale 
levels. 
 
The basis idea of our approach is to use a multi-scale 
representation of the surface model (assigned as sigmaH  in 

Figure 4) and of the orthoimage (assigned as sigmaI  in Figure 
4) in order to reduce get rid of the fine structures of the tree 
crown, similar to the proposal described in (Persson et al. 
2002). Whereas sigma  is the parameter of the Gaussian, 
which is used to create the multi-scale representation (refer to 
(Lindeberg 1994b) for details on Linear Scale-Space 
transformation).  
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Figure 4: Strategy for the automatic extraction of trees 

 
A Watershed transformation is used as segmentation 
algorithm, leading to the segments sigmaS . Every sigmaS  is a 
hypothesis for a tree (see Figure 5, for an example). The 
evaluation of the segments is performed according to fuzzy 
membership values. A tree is an object with a defined size, 
circularity, convexity and vitality (NDVI value).  
 

 
Figure 5: Segmentation results in three different scale levels, 

left fine scale, right coarse scale 
 
The evaluation phase is divided in two independent steps: 
First, the hypotheses for trees are selected regarding their 
membership values (refer to Figure 6). Than, in the second 
step, the best hypothesis in scale-space is selected. As at one 
and the same spatial position in the scene, more than one 
valid hypothesis can exist, the best one – considering the 
membership value – is selected (refer to the marked segments 
in Figure 6).  
 

 
Figure 6: Valid hypotheses for trees in different scale levels, 

depicted are the borderlines in different grey 
values. Best hypotheses are marked with a white 
circle. 

 
A detailed description of the approach is given in (Straub 
2003c) and (Straub 2003a). 
 

5. SUMMARY 

An approach for the automatic extraction of trees from 
remote sensing data - aerial imagery and surface models – 
was shortly depicted in this paper. A detailed description of 
the most important considerations, leading to the 
development of the approach, is given: for the model of an 
individual tree, which is the base of the approach and for the 
strategy for low-level feature extraction and generation of 
hypotheses. 
 
Recently, the approach was applied on different data sets. 
Results of a performance evaluation of the approach are 
presented in (Straub 2003d) (and, more detailed in (Straub 
2003a)). The test was carried out with one and the same 
parameter settings for all data sets in order to demonstrate its 
robustness and the stability of the underlying model and 
strategy. The Hanover example (c.f. Figure 2 and Figure 7) 
was produced using image and height data from Toposys 
Falcon system, which were acquired by Toposys GmbH in 
summer 2003 by order of the institute of cartography and 
geoinformatics (University of Hannover). An overview of the 
results is given in Figure 7, the automatically extracted trees 
are printed are depicted as white circles: 
 



 

 
Figure 7: Results of the automatic approach for extraction of 

trees. Trees are depicted as white circles, the 
background image is a part of the CIR 
orthoimage. The subset is equivalent to the scene 
in Figure 2. 

 
For the 3D visualisation in Figure 2 the diameter of the trees 
were used to scale the whole 3D model of the tree. Further 
work will be on a refinement of the visualisation: The shape 
and the colour of the extracted trees shall be used to define 
different classes of trees models in order to get a more 
realistic visualisation. As the algorithm was originally 
designed for the extraction of trees from image data (and the 
surface model, which can be computed from image using 
correlation techniques), the last pulse data of the laser 
scanner is not used at the moment. This additional 
information will be used to make the extraction more reliable 
and complete. 
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