Objective


The objective of this research is to synthesize and develop technology for automated extraction of cartographic data from imagery.  The standard for achievement is to decrease human effort by a factor of 10 over current methods in construction of a database. The standard for progress is demonstration of technology that contributes to achieving that goal in a significant way.


This research aims to extract rural roads, rivers, woods and orchards automatically.  In previous work supported by NIMA, progress was demonstrated: extraction of pieces of rural roads; extraction of boundaries of uniform regions of water, fields, and clouds; preliminary evaluation of road detection; building an interactive system for cartography.

Summary


Thus far, we have made progress in the following stages toward project objectives:

1. algorithms to link pieces of roads into complete curves;
2. algorithms to fit circular arcs to broken portions of roads to provide tighter constraints on linking;

  3.  demonstrated substantial linking over a 1km x 1km typical open area of the Santiago area;

  4.  demonstrated roads that are not on the linear feature database, the basis for map updating;

made improvements to the interactive system for cartography;
6.  demonstrated multi-spectral ``micro-region'' analysis that extracted regions with small dimensions, on order of a pixel or a few pixels across, together with refined discrimination of regions, e.g. bare fields and several stages of crop growth.

Road Extraction


A training image subset was chosen to exploit the vector data while reserving a large part of the data for evaluation. (Figure.1) This area turned out to be different from the two evaluation areas used previously for road extraction.  We intend to compare performance at available resolution of imagery.  For the moment, 20m SPOT 3 band and 5m CIB panchromatic are available.  For SPOT MSI, extended edge segmentation performed well as previously in 2/3 of the image; extended edge extraction was poor in 1/3 of the image compared to vector data truth.
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Figure1. A Training Image Subset from SPOT 3band Imagery: SPOT7


When we examined the image, a variety of humans were unable to see the roads in large parts of the image.  Even when we mask the image to indicate the roads clearly, humans are unable to see much of the roads in about 1/3 of the image.(Figure 2)  We conclude that evidence for roads in the SPOT MSI is too weak for humans to perform reasonably in parts of the image.  The Binford-Chiang operator performed extended edge extraction about as well as humans. The Binford-Chiang operator did about as well as humans who weren't cued to road location.  The operator appeared to do slightly less well than humans who were cued to road location.
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Figure 2. Area of SPOT7 near road


The difference from the earlier results is that there were roads in wooded areas in this subimage.  The area for which humans and the operator did not perform well is a wooded, hilly area.  It was possible to see roads in open terrain in both the green band and in a modified 3 band color image, in the areas of difficulty, there was no spectral evidence of the road.  We can only speculate that the roads are not visible through the tree canopy.


When we examined the same area in CIB imagery, results were slightly better.  

Human Discrimination


Some effort was made to verify that limits of human discrimination were fundamental limits, not limitations of presentation of the images.  First, the comparison was done on the same imagery as used by for the Binford-Chiang extended edge operator.  


Roads were less discriminable in the color image formed by rendering SPOT7 (near-infrared, green, blue) as red, green, blue.  It was found that color histogram-equalization rendered an image in which roads were much more discriminable; in general, cartographic features were

more discriminable.  The image was improved by using a demixing process developed at Stanford.  


Even in that improved color-rendered image, roads were not discriminable by humans in the 1/3 of the image for which finding roads had been difficult.

Extracting Complete Roads

Circle Fitting


A module has been developed for fitting circular portions of roads.  There was no useful existing version of this module, i.e. none that worked efficiently with only a small portion of the circle and which incorporated constraints of measurement of tangent vector and contrast. (Figure 3)  Because large parts of roads are smooth and circular, it was useful to use constraints to use the circular constraint to link these sections.  Because the Binford-Chiang operator makes accurate measurements, a circular fit would discriminate strongly against linking of non-road segments.


Avedisian and Binford developed a tangential expression for a circle and found accurate initial estimates for parameters of the circle expression.  They found a Newton-Raphson iterative solution that converges very rapidly.  

[image: image3.png]



Figure3. Circle Fitting

Linking


For a 1km x 1km area of SPOT7 using extended edges extracted from CIB 5m imagery, results appear promising. (Figure 4) Parameters will be optimized for performance.  The method will be extended to large scale to evaluate results.


Single candidate curves are selected to favor road segments by selecting segments with minimum length, contrast similar to road segments, and small curvature. (Figure5, 6)


Linked pairs are selected by maximum gap, constant curvature, and maximum curvature.(Figure 7)


Single curves and linked pairs are linked hierarchically by linking at a second stage.      
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Figure 4. Sample CIB 256 * 256 Area
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Figure 5. Detected Extended Edges From Sample CIB 256 * 256 Area
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Figure 6.  Single Candidate Curves

Figure 7. First Stage Linking Result
Two linking modules were developed.  One linking procedure uses Delaunay triangulation of end points of extended edge segments. The other uses cells in an array to determine proximity.  


Linking modules are intended to find neighboring edge segments that are nearby, by comparing only a small fraction of all possible edge pairs.  Both modules are successful in this sense.  Both have well-defined computational properties.

Road Extraction for Difficult Sections


At this point, it is relevant to ask how roads can be extracted in the difficult sections.  It is too early to be certain about the status of discriminability and what fraction of terrain is difficult.  


We will build mechanisms to fill in hidden portions of roads from visible portions, guided by elevation contours and road building practice.  That use of context depends on finding enough of

roads to guide the interpolation process.


It is possible that higher resolution data will eliminate the problem.  That has not been the case as we went from 20m to 5m panchromatic.  This question seems entirely open now.  In particular, higher resolution MSI data might be valuable.

It is possible that different views of an area from different angles have different obscuration.  In this case, combinations of multiple looks might show up different parts of roads from different

views. The combination could possibly be sufficient to guide the filling-in process of road completion.  Such combination of images may be necessary because of partial perpetual cloud cover over parts of the earth.


Night imagery might show up roads from lights of vehicles.


While it is expected that some improvements can be made to the extended edge operator, there does not appear much hope that any operator could do much better than humans who cannot see evidence even where they know the road to be.  It is much more promising to get better evidence.


It is perhaps better that for parts of images, cartographic extraction can be automated completely while parts are identified that for which cartographic extraction cannot be automated.  

Multi-Spectral Analysis


For extraction of streams, trees and orchards, Multi-spectral analysis is valuable.  There appeared an opportunity to extract more information than initially imagined from low-res MSI like SPOT 3 band imagery.  It appeared that micro-region analysis might be possible, extracting regions a few pixels across.  It also appeared that extracting more region classes based on spectral analysis might be possible.


Preliminary analysis found that spectral regions were extracted well that could be used for delineating streams. (Figure 8) This appears promising.
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Figure 8. Woods + Streams Extracted Using Multi-Spectral Analysis

A reasonably large set of spectral classes can be extracted and discriminated.  The spectral classes relate to what appear to be cartographic features.  

Map Updating


Several roads were found that are not in the linear feature database of roads.  Perhaps these are roads that were not regarded as roads because of some higher knowledge, but they are distinctive features.  As time passes, new roads will be built.  These data can be used to update road databases.


The current spectral analysis requires cueing of spectral classes by designating several spectral regions.  That process could be updated in the future by cueing spectral classes by revisiting regions to use them as spectral signatures for the current imaging conditions.  


It is possible that updating of other cartographic features may be more relevant than updating of roads, since other cartographic features undergo more frequent change.

Conclusion


For now at least, it appears that road extraction in SPOT 20m MSI is reasonable for large parts of the terrain of Santiago, but not for substantial parts that are wooded and hilly.


MSI region extraction of cartographic features is promising and has the potential for more detail than initially intended.
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