
 21st Biennial Workshop on Aerial Photography, Videography, and  
High Resolution Digital Imagery for Resource Assessment  

May 15-17, 2007 * Terre Haute, Indiana 
 

Use of very high resolution digital oblique photography in the development of 3-
dimensional models for tree measurements: Application to mapped forest plots 

 
David R. Larsen 

Forestry, 203 ABNR 
The School of Natural Resources 
University of Missouri-Columbia 

Columbia, MO 65211 
USA 

 
 

ABSTRACT 
 
This paper presents the use of very high resolution digital oblique photography to develop 3-dimensional models 
that can be used for the measurement of object within the model.  The methods while related are quite different from 
traditional stereo photography.  This paper is a continuation of the paper present in the 20th Workshop but applied to 
increasingly more spatially complex environments.   
 
In this paper oblique aerial imagery will be used in conjunction with mapped forest plot to determine the degree of 
difficulty and agreement between these methods. In this example, forest plots were inventoried and mapped on the 
ground and then photographed from a helicopter or helium balloon.  All images were winter leaf off.  Quality, issues 
and logistics of the measurements are evaluated.   

 
 

INTRODUCTION 
 

I have been presenting the idea of very high resolution digital aerial oblique photograph for the last two 
conferences and I want to present some lessons learned on more complex situations.  Additionally I would like to 
reiterate the strengths and weaknesses of this approach. 

In the 20th workshop I presented the use of the very high resolution digital aerial photography to build 3-D 
images of both a farm shed and a single tree in a field.  The software and the field equipment worked well for this 
application.  This workshop, I tried to apply the same techniques to an open young forest stand and a closed older 
forest stand.  In both of these examples there were operational constraints the limit the ability to get the camera in 
the desired location to image the subject trees.  The main idea of the current work is to extend the methods to more 
complex and realistic situations.  Additionally the current examples were taken without ground control points.  I 
want to determine is sufficient numbers of photo matching points could be identified to allow the building of a 3-D 
model with out the ground control points placed by the author. 
 
 

BACKGROUND 
 

As a review in the 20th workshop, present the use of the Photomodeler® software to build a 3-dimensional 
model of a farm building and a single open grown tree in a field.  The open grown tree example illustrated how 
oblique aerial photographs can be used to produce a crown volume based on a silhouette slicing method (figure 1).  
The combination of several of these silhouette slices produces a tree crown volume as in figure 2. 
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Figure 1. An example of a single oblique photograph with the crown silhouette marked on the photograph. 
 

 
 

Figure 2. The 3-dimensional crown with the mark point and camera locations. 
 
 

In this example we have easy operation because of the field and a good diversity of camera locations which 
improve the quality of the crown space estimate. 
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CURRENT PROBLEM 

 
The current problem is to estimate tree crowns in forest stands of varying density and with no marking points.  

To illustrate this I have two example stands.  A young sparse stand of sycamore tree that are less than 20 feet tall 
and a taller mixed species closed canopy stand.  Both of these examples present unique challenges. 

The first stand is a young 20 foot tall American sycamore (Platanus occidentalis L.)  the space between the the 
tree is covered with an exotic evasive plant sericea lespedeza (Lespedeza cuneata (Dum.-Cours.) G. Don).  In this 
example there is less diversity in the angle and location of the cameras.  Figure 3 illustrates the silhouette marking 
on these trees. 
 

 
 

Figure 3. The silhouette marking on the young American Sycamore stands. 
 

Because of the irregular pattern of the trees it was relatively easy to find unique points that can be identified in 
several photographs and used for the marked points.  The photographs have a lack of position diversity and limiting 
the usefulness in developing crown length information.  They are relatively good at producing crown width 
information as well as relative height information. 
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Figure 4. Crowns developed from the American sycamore photographs. 
 

The next example is a mixed specie closed stand. In this example the trees are much closer and much taller.  
However, the fact that tree species can be distinguished in these high resolution aerial photograph aid in the process 
of identifying unique marking points.  Additional these trees had a greater diversity of camera positions allow more 
detail in the individual tree crowns.  Figure 5 is an example of the silhouettes marked on the one photograph.  
 
 

 
 

Figure 5. Mixed species closed canopy forest with silhouettes marked. 
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Figure 6. Mixed species stand viewed from above, the crowns are colored by species. 
 

Figure 6 Illustrates the crowns developed from the mixed species closed canopy photographs.  Note the crowns 
have more information on crown length but still lack detail desired.  Also relative height information is available in 
these models as well as the crown diameter information.  Increased diversity of camera locations would improve the 
images. 
 

 
 

Figure 7. Sylview screen image illustrating data used in the Sylvan Stand Structure model. 
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APPLICATION 

 
To illustrate a potential use of this kind of data, here is an overview of the Sylvan Stand Structure model and its 

new visualization tool Sylview.  Sylvan is a forest growth model that is driven by the crown size, the spacing of 
trees and   the species characteristics.  Crown measurements are relatively difficult to measure in the field.  
Additionally accurate crown measurements improve the simulations made by the model.  Figure 7 is an example 
Sylview screen with a map and profile view on one side and an illustration of the internal structure of the selected 
tree on the other. 
 
 

CONCLUSION 
 

The conclusion from the experiments to this point is that the method is viable and can produce very high quality 
representations of tree crowns both in closed stand and in open conditions.  Attention to the locations and diversity 
of camera locations in critical for high quality results.  Given that the operator can control for these factor, very high 
quality results can be achieved.  Some future work will continue but I am approaching the limits of this software and 
the development of the software seems to be going in other more commercial directions. 
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