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ABSTRACT: In this paper, we present an approach for the detection and stereo reconstruction of buildings in aerial images using perceptual organization and surface models. First, planar models of surface are used in conjunction with radiometric information to correct a noisy and sparse disparity map obtained from an area based stereo matching. The resulting disparity map is then used by a fusion process to filter useless edges. The remaining edges are processed by a geometric grouping algorithm, which is based on perceptual organization, to detect buildings which can be modeled as a combination of rectangular structures. Finally, a new disparity map is computed for the detected buildings.



1. INTRODUCTION The problem of detection and stereo reconstruction of buildings in aerial images has been studied by a number of researchers. Huertas and Nevatia (Huertas, 1988) used shadows and corners to detect the presence of buildings and estimate their height. A similar approach has been developed by Irvin and McKeown (Irvin, 1989). However, the shadows are used not only for determinating the height of buildings, but also for predicting building shapes and the geometric grouping of building structures. Mohan and Nevatia (Mohan, 1989) proposed an approach which makes use of both perceptual organization and stereo matching. In their work, perceptual organization is used to detect rectangular structures, which are then matched by the stereo process to give an estimation of the height of the detected buidings. In this work, we propose an cooperative approach which makes use of surface models and perceptual grouping to help stereo process to break the limits of classical correlation algorithms. Indeed, surface discontinuities and hidden parts of buildings are typical difficulties that make area based correlation algorithm useless. Thus Eastman et al. (Eastman, 1987) and Hoff et al. (Hoff, 1989) have used models of disparity to locally estimate and reconstruct the surface. The work we pursue here is to improve the approach proposed by Maître et al. (Maître, 1992) by using perceptual organization to construct a more robust segmentation of the detected buildings. Then hypothesis test is used to fit planar models of disparity onto each region of the newly segmented image focusing on building structures. The following figure (figure 1) illustrates our approach:



Figure 1 The stereo matching box gives us a disparity map which is filtered by planar models of surface. First, an estimation of disparity is obtained by an area based stereo matching, in which the contours detected by Canny-Deriche’s detector (Deriche, 1987) are used to constrain the matching procedure. Then planar models of surface are used to correct the sparse and noisy disparity map. In the filtering box, the fusion of the resulting disparity map and the contours allows us to eliminate useless edges which may not belong to building structures. Finally the remaining edges are used by the perceptual grouping box to detect rectangular structures, which are then fed back to the stereo matching box to generate a better disparity map as a more robust segmentation of building structures is obtained. More details of our approach are presented in the following sections. A number of examples are shown in section 5. Section 6 presents our conclusions and future works.



2. USING SURFACE MODELS TO IMPROVE BUILDING RECONSTRUCTION As stated earlier, the task of reconstructing buildings from a pair of stereo images by traditional correlation algorithm is very difficult, because of depth discontinuities and hidden parts of buildings, which make any area based stereo matching likely give a poor result in preserving surface discontinuities. The approach developed here is proposed by Maître et al. (Maître, 1992) who used models of disparity to approximate disparity maps obtained by stereo matching. In our work, we use planar models associated with hypothesis test to correct the disparity map obtained from our area based matching algorithm. In our matching algorithm, we use both parametric and nonparametric correlation to improve the robustness of matching. In fact, Spearman’s non-parametric correlation is more robust (Mood, 1988) than Pearson’s correlation when the data are affected by non-gaussian noises. In the following example (figure 2), Pearson’s correlation gives 0.6, whereas Spearman’s one gives 0.8:



For the median plans, the following tests are used: 1. Card(region) > N. 2. The number of matched pixels is greater than 3. 3. The mean of the error (M.E) due to the model is less than ε . The drawback of this approach is that as region segmentation is not perfect, it creates artefacts around region boundary on the resulting disparity map. To correct these artefacts, we use perceptual organization to construct a more robust segmentation of building structures by detecting them on the contours map. When dealing with the contours map, we have a non-negligible problem that is an important number of edge chains to be processed. To eliminate useless edge chains, we take the advantage of having a sufficiently dense and noisyless disparity map obtained above, to select edge chains that may belong to building structures by controlling the variation of disparity in a neighborhood of each edge chain. This is performed in the filtering box of figure 1. In the following section, we discuss our approach of detecting building structures by perceptual grouping.



Figure 2 To reduce the computation time, we first use Pearson’s correlation to find all possible matches according to a threshold. If there is no match, Spearman’s correlation is then used to search for matches. As invoked earlier, we use the contours detected by Canny-Deriche’s detector to constrain the matching as we impose that a contour pixel should have a match which is also a contour pixel. Hence we need an edge detector which is accurate enough. The contour detection is performed by the contours box as shown in figure 1.



3. BUILDING DETECTION BY PERCEPTUAL GROUPING Perceptual grouping designates the structuring of lowlevel representations in the human visual system (Lowe, 1985). It involves detection of perceptually significant groupings and structures in an image according to the laws discovered by the Gestalt psychologists. These laws are said the Gestalt laws of grouping (figure 4):



In order to use models of disparity, we first segment the left image into regions inside which hypothesis test is applied to fit a planar model of surface. We chose planar models of surface as they represent most of man-made structures. Region segmentation is processed by the regions box in figure 1. In the stereo matching box, (figure 1) the following tests are performed when fitting a planar model of disparity onto a region (figure 3):



Figure 4: Gestalt laws of grouping (Rock, 1990)



Figure 3 For the least square plans, the below conditions are applied: 1. Card(region) > N. 2. The number of matched pixels is greater than 3. 3. The root mean square of the error (R.M.S.E) due to the model is less than ε 2. 4. The gradient of disparity is less than 2 (Burt, 1980).



These laws can be described as follows: - proximity: closer elements tend to be grouped together; - similarity: similar elements tend to be grouped together; - closure: the grouping tends to give a closed structure; continuation: elements that lie along a common line or smoothed curve are grouped together; - symmetry: elements symmetric about some axis are grouped together. The features to be organized are classified into four categories by Sarkar et al. (Sarkar, 1993) as illustrated by
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Assembly level: Organization of the structures, Arrangement of polygon Structural level: Corners, Angles, Polygon, etc... Primitive level: Edge chains, regions.



Figure 8: grouping of proximate and collinear segments.



Signal level: Pixels, Interest points



Second, we performed the grouping of proximate and



Figure 5 To apply perceptual organization to the detection of building structures, we first need to choose our structural model of buildings. In this work, we described our model as a rectangular structure or a combination of it. Second, we define our strategy of grouping including features to be used. In our work, we used two categories of features: the structural level and the primitive one as described earlier. In the primitive level, we have polygonal edge chains; in the structural level, we search for linear structures, right angles and rectangular structures. The below figure (figure 6) describes our strategy of perceptual organization, which involves mainly the Gestalt laws of proximity, similarity, closure and good continuation: Rectangular structures.



collinear segments (figure 8) via a binary relation defined below:



ℜ



Let S1 and S 2 be two segments with S 2 = [AB]



S1



ℜ S2



1) Rec(S 1 ) ∩ S 2 ≠ ∅   ⇔  2) cos(S 1 , S 2 ) ≥ τ   3 ) d ( A, S ) ≤ T and d ( B, S ) ≤ T 1 la 1 la



where: d(A,S1) and d(B,S1) are the distances from A to S1 and B to S1. τ is an angular threshold. Rec(S1) is a symmetric rectangular neighborhood of S1 (figure 9). Note that ℜ is neither symmetric, nor transitive.



Right angles. Linear structures. Polygonal edge chains. Figure 6 Figure 9



3.1 Searching for Linear structures After the polygonal approximation (Wall, 1984) of our edge chains, we performed the grouping of linear segments to search for longer linear structures, as the detected contours are often disconnected due to the lack of contrast. First, we group connected collinear segments together as follows (figure 7):



For each segment s, we define a set Gs = {s ' ∈ I / s ℜ s '} ; I is the set of all segments in the image. s' is oriented to the same direction as s. Then Gs is replaced with a representative segment Sf defined by: r n r r s ' ⋅ ( i , s ') r r r s '∈Gs * 1) ( i , Sf ) = ,n ∈ N r n s'



∑



∑



r s '∈Gs



Figure 7: grouping of connected and collinear segments.



r 2) Sf passes through the center of gravity of Gs the weight of each segment is equal to its length. 3) The two furthest apart projection points to Sf are the end points of S f



The parameter n allows us to adjust the robustness of the grouping. Indeed, in some cases the final orientation may be deviated by thernoisy segments which are too short,



r (i , s ' ) may not be a good measure r r for of s'. The computation of (i , s ' ) is



so that the angle the orientation described below: Let



r s ' = (s 'x , s 'y )T P = number of segments having s 'x > 0 N = number of segments having s 'x < 0



If P or N is equal to Card(Gs) Thenr r (i , s ' ) = atan (s 'y / s 'x ) Else r r (i , s ' ) = atan (s 'y / s 'x ) + π when atan ( s 'y / s 'x ) < 0 r r when atan (s 'y / s 'x ) > 0 (i , s ' ) = atan (s 'y / s 'x ) of course: r r (i , s ' ) = π / 2 if s 'x = 0 and s 'y > 0 r r (i , s ' ) = −π / 2 if s 'x = 0 and s 'y < 0



linear structures may cross each other, we simply search for all spanning trees of the graph. Then we complete each connected component with its non-visited edges to form the corresponding circuits.



4. ENHANCING SURFACE MODELS BY USING DETECTED BUILDING STRUCTURES In section 2 we have discussed the artefacts of region segmentation on the disparity map corrected by models of surface. In fact, in many cases, most of artefacts affect boundary of building structures as we will see in the examples. So in this work, we propose to correct this drawback by enhancing surface models with object models of building. We believe that in modeling the objects we wish to reconstruct, we can help stereo matching to break its limits because of hidden parts or surface discontinuities of the objects. As we will show in the next section, when using object models in conjunction with surface models, we can preserve surface discontinuities and object forms better. In this work, we only consider the class of buildings that can be modeled as a combination of rectangular structures. When detected by the perceptual grouping box (figure 1), these structures are then used to recompute a proper disparity map for the found buildings as well as for the ground.



5. EXAMPLES



3.2 Searching for right angles To detect the right angles, we search for the following →



→



figures (figure 10) in which | cos( AB, CD )| ≤ ε (ε is an angular threshold):



Figure 10 For case 2, IB and IC must be less than a threshold d. Whereas for case 3, only IC must be less than d. During this phase, orthogonal segments are extended to the point of intersection. 3.3 Detecting Rectangular structures The process of finding rectangular structures involves constructing a graph of orthogonal segments and searching for circuits in it. The nodes of our graph are defined as the points of intersection of orthogonal segments; they are also the vertices of the right angles detected by the above grouping. The edges of the graph are formed by orthogonal segments. To find the rectangular structures we search for circuits that have four edges. As the graph may be non-planar because



Figure 11 and 12 show a couple of epipolar stereo images. Figure 13 represents a region segmentation of figure 11 using Suk’s algorithm (Suk, 1983), the segmentation is good but not perfect, in particular region boundaries are not well preserved. Figure 14 shows a disparity map obtained without correction. Figure 15 illustrates the corresponding disparity map corrected by models of surface. The correction allows good preservation of surface discontinuities, however the resulting disparity map is affected by artefacts of the segmentation. Figure 16 and 17 show the results obtained from the perceptual grouping box. The rectangular structures are then used to recompute a new disparity map focusing on building structures, that is shown on figure 18. Of course, we have a good preservation of both surface discontinuities and building forms, but we have lost man-made structures that can not fit our model.



Figure 11: Left image



Figure 13: Segmentation of figure 11 using Suk’s algorithm (Suk, 1983)



Figure 12: Right image



Figure 14: Disparity map without correction



Figure 15: Disparity map with correction



Figure 17: Rectangular structures



Figure 16: Linear structures



Figure 18: Disparity map corrected using building model in conjunction with surface models.



Figure 20 and 21 show another couple of epipolar stereo images. Figure 22 represents a segmentation of figure 20. Once more, the segmentation is not perfect, but it allows us to have a sufficiently good estimation of the disparity map with a rough preservation of surface discontinuities. Figure 23 shows a disparity map obtained from our stereo matching procedure without correction. The corresponding corrected disparity map and its perspective are shown in figure 24 and 25. Figure 26 and 27 represent the linear and rectangular structures detected by the perceptual grouping box. The superimposition of the detected rectangular structures on the initial image of figure 20 is shown in figure 28; the shifting to real building boundaries is barely notable. Figure 29 and 30 represent the final disparity map and its perspective. Figure 19: perspective view of figure 18



Figure 20: Left image



Figure 24: Disparity map with correction



Figure 21: Right image Figure 25: Perspective of figure 24



Figure 22: Segmentation of figure 20



Figure 26: Linear structures



Figure 23: Disparity map without correction



Figure 27: Rectangular structures
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Figure 30: Perspective of figure 29



6. CONCLUSIONS AND FUTURE WORKS We have presented an efficient approach to improving stereo reconstruction of building. This approach makes use of both surface models and perceptual grouping to help classical stereo matching to break its limits. The results show that perceptual grouping is a promising technique for detecting man-made structures. They also reveal that perceptual grouping is more robust than classical segmentation technique, as it does not introduce artefacts and preserves building forms better. In our work, we only consider the case of buildings which can be modeled as a combination of rectangular structures. Or course, the extension to other models of building may help to preserve surface discontinuities and building structures better. That is what we hope to pursue in the future works, as well as the reduction of the number of parameters and the validation of our results.
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