A critical evaluation of the potential of automated building height extraction from stereo imagery  for land use change detection.
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Introduction


Recognising geographic objects in imagery offers much potential for automating land use change detection, but is a hugely complex task.  The use of height information extracted from stereo images is seen to offer a valuable extra clue as part of a wider recognition strategy.  The aim of this study is to consider the reliability of such height information using a range of surveying methods to give ground truth.


Several techniques suggested for building extraction from imagery have been proposed. The use of shadow analysis is reported by Irvin and Mckeown (1989). Building detection based on extracting lines from edges or corners and their perceptual grouping has been proposed by Sarkar and Boyer (1993).  However, there is no single technique which is sufficiently powerful to solve all the problems in automatic image recognition. The fusion of extra clues or knowledge has been suggested by Shufelt and McKeown  (1993) to overcome this single technique restriction.


Integrating prior Geographical Information System (GIS) information towards automatic recognition and reconstruction of cartographic objects has been examined by a number of  researchers. Locherbach (1994) used GIS to aid the reconstruction of the geometry of land use parcels and their subsequent classification. It is clear that existing GIS databases can play a major role in providing the prior knowledge necessary for automatic recognition from imagery.  In automated land use change detection, Priestnall and Glover (1997) use vector GIS databases to guide object recognition. This work highlighted the potential of using existing vector databases to ‘train’ a change detection system, and showed how other clues to a building’s existence in the image would re-enforce this procedure. The addition of building height to such a recognition strategy was seen as an important avenue of future research (Murray, 1997, Ridley et al., 1997). 


Weidner and Forstner (1995) consider generic object models, where the assumption that buildings are higher than their surrounding surface allows the subtraction of the Digital Elevation Model (DEM) from the ‘real’ surface, termed the Digital Surface Model (DSM). Regions that may contain buildings are identified   as  ‘blobs’ and subsequent analysis is restricted to these areas.  This subtraction technique has been used by many researchers, however the accuracy of the derived ‘blobs’ has received little attention. A major research question to be addressed by the current work is the degree to which buildings of a few meters in height can be identified due to the uncertainty involved in the DEM and DSM construction.


The research work presented here aims to evaluate the accuracy of the  ‘blobs’ that  result from the subtraction of the DEM from the DSM and to assess its potential as an additional clue in a land use change detection methodology.


Methodology


Figure 1 shows the procedure of extracting blobs which are potential candidates for the detection of man-made objects. This method has been used in several studies to isolate surface features from the terrain (Baltsavias et al., 1995, Ridley et al.,1997).
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Fig. 1 The Evaluation of the Derived Surface ( DSM - DEM )





In this study, a reference DEM was created within Arc/Info from contour lines derived from  1:10 000  map data and  spot elevations from  1:1250 map data.  A DSM, which ideally models the man-made objects as well as the terrain, was then constructed using Imagine OrthoMax using aerial photographs  provided by the National Remote Sensing Centre (NRSC). The imagery were 1:10 000 colour aerial photographs of the University campus area of Nottingham, scanned at 21 (m, and having a base:height ratio of 0.6.


The accuracy estimates of the two constructed  models were then analysed at various grid resolutions. Based on the assumption that the man-made objects stand above a reference surface, a residual surface was derived by subtracting the DEM from the DSM. Figure 2, shows the residual surface and the blobs, which represent the potential candidates for buildings. 
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Figure 2 Potential man-made objects shown as blobs.





Measures of Accuracy 


DEM and DSM accuracy is of crucial importance as errors in these derived products will propagate through subsequent spatial analysis (Hunter and Goodchild,1997) and ultimately affect object recognition. 


The most frequently used measure of accuracy  is the Root Mean Square Error (RMSE) of the elevational residuals at randomly selected check points. RMSE  is calculated from the following equation (Gao,1997).


                                              n


RMSE = ( [ 1/n ( ( Z* i- Zi )2 ]……………………….(1)


                                            i = 1


where n is the number of check points; Z* i is the terrain elevation at position i and Zi is  the derived elevation at check point  i.


Determination of check points to evaluate the derived surface is a crucial stage. Check points at random positions in the study area were established using GPS, traversing and trigonometric levelling techniques with known orders of accuracy. One hundred and seventy nine randomly selected points were established. Table 1 shows the corresponding estimated accuracy of the derived check points.


 


Method�
Accuracy Estimates�
�
�
X�
Y�
Z�
�
GPS�
 0.02 m�
0.02 m�
0.01 m�
�
Traversing�
 0.18 m�
0.01 m�
0.03 m�
�
Trig. Levelling (R.L of Roof)�
 0.10 m�
0.10 m�
0.10 m�
�



 Table 1  Accuracy estimates with respect to method employed.





Accuracy of DEMs 





The RMSE of the residuals computed using equation 1.0 at various grid resolutions are shown in Figure 3. The plot shows that the RMSE values change dramatically at a grid size of 15 m as described by other researchers (Gao, 1997), this being one of many factors influential in DEM accuracy (Li, 1993).  
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Figure 3 RMSE of DEM at Various Grid Size 





Accuracy of DSMs





Historically most photogrammetric operations were analogue in nature, involving  stereo plotters which perform measurements on hard copy imagery (Lillesand and Keifer, 1994). Nowadays, soft copy or digital photogrammetry plays a leading role in acquiring and structuring information from imagery. 


The accuracy of the DSMs was evaluated using  70 randomly selected check points. The RMSE plot is shown in Figure 4. Figure 4 shows, surprisingly, that there is no linear relationship  between RMSE and grid resolution between 0.25 m to 5 m. An investigation into this pattern will form an important part of the ongoing research in this study.
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Figure 4  RMSE of DSM at various Grid Size


Accuracy of the Residuals Surface





The candidate areas for man-made objects are revealed by the residual surface (DSM - DEM) as ‘blobs’. DEMs and DSMs have an inherent level of accuracy relating to the grid size, and these accuracy levels will eventually be  inherited by the residual surface (DSM - DEM).


The accuracy of the residual surface is evaluated at thirty five random check points. The difference between the heights of the derived ‘blobs’ (from the residual surface) and true building height are used in determination of the RMSE. Figure 5 depicts the RMSE of the residual surface with varying grid size. 
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Figure 5 RMSE of the residuals surface





Figure 5 shows that the RMSE of the residuals surface is between 6 and 7 m.  This shows that the uncertainty of the derived ‘blobs’ is approximately ( 7 m from the reference surface. This RMSE is within the extreme limits of the DEMs and DSMs used.  Man-made objects which are less than 7 m in height might not be detected if the assumption for all man-made objects is above the reference surface (DEM). Figure 6 illustrates the size of the uncertainty zone in relation to a typical profile through the residual surface blobs extracted in this particular urban environment. In certain urban environments, using certain digital data sources, the zone of uncertainty may be dominant over the blobs extracted and therefore less confidence could be placed in the height information when contributing to a recognition strategy.
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Figure 6  Blob  Uncertainty.





Figure 7 shows the contour plot of -1 m, 0 m and +1 m level derived from the residual surface. Referring to Figure 7, building edges can be detected not only above but below the residual surface at -1 m contour level.  


Knowing the uncertainty zone, it is clear that possible structure can be identified by interrogating the residuals surface by generating a contour plot at preferred interval from the lowest uncertainty level ( lower bound of the resulted RMSE ). 








��


Figure 7 Contour plot at -1 m, 0 m and 1 m level


The contouring technique will not only detect possible building edges, but has the potential to separate  the detected objects (buildings trees, etc) from each other by analysing the contours plot at various levels. Figure 8 shows that the buildings become separated between each other at 6 m contour plot of the residual surface. Characterising different object types based on this techniques will be  a subject of further research.
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Figure 8 Contour plot of the residual surface at 6 m level





Conclusion





In this paper the possibility of detecting building structures using height information derived from the DSM-DEM subtraction is demonstrated. However, understanding the uncertainty involved with the digital models used is crucial. It is shown that structure may lie below the residuals surface due to the accuracy of the digital model being used. This implies that structure of certain height might not be detected if the assumption that all structure is above the residuals surface.  The result shown proves that understanding the accuracy of the digital model used is vital if the technique of DSM-DEM is to be used to detect man-made objects.   


The contouring technique illustrates that man-made objects can be detected at various levels above and below the residuals surface and this offers the potential to characterise and therefore separate objects of different types.


Digital photographs and Very High Resolution Satellite images will increasingly provide a potential source of height information for man-made objects.  The typical height of the objects under study must however be considered in relation to the degree of uncertainty involved with particular data sources if height is to play an important part in an object recognition strategy.
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