Vision System

Level 2 mission of the competition requires that the autonomous air vehicle identify a building on which the IARC symbol will be located. Towards this end, our vision system will aim at recognizing the symbol using the cue that the symbol will be situated on a building. The following is the block diagram of the proposed vision system:
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The autonomous air vehicle is equipped with a camera that transmits images to a ground station at a fixed frame rate. These images will be stored on to a file system that will be accessed by the vision algorithms performing the task of target location. There are two main modules that comprise the backbone of the vision system. One is the IARC symbol recognizer and the other is a building detector. The IARC symbol recognizer can be viewed as a module that localizes that region in an input image at which there is the highest probability of the IARC symbol being present. It also assigns to the image, the value of this probability. Similarly the building detector assigns to each image a probability of finding building(s) within that image. It also localizes the relative positions of the building(s) within the image. Due to the intensive computation involved in the symbol and building detection algorithms, only those images that are most likely to contain desired objects are filtered through, using strategies that require relatively lesser computation. Using the information from these two modules, the final decision as to the presence/absence of the IARC symbol in an image is made. The following are the algorithmic details of the symbol recognizer and the building detector:

IARC symbol recognizer

The symbol recognition module is a pruning based template matcher. The template to be matched is the circular portion of the IARC symbol with different scales, rotations and viewing angles. Template matching is performed using the normalized correlation similarity measure. Correlation is not performed in the image domain. Instead, both the image and the template to be matched are converted into their edge maps using a homogeneity operator that detects edges at all orientations. The following figure shows example of the template at one scale, orientation and viewing angle and its corresponding edge map obtained using the homogeneity operator:


All windows in the input image that are the same size as that of the template are considered. A pruning step eliminates most of these windows by applying simple heuristics based on the structure of the edge map of IARC symbol. Only the remaining windows are considered for correlation. The image window with the highest correlation value, with the correlation step iterated over all the templates, is the most probable location of the symbol in the image. The window location, size and the normalized correlation value are output by the recognition module.

Building(s) detector

The building detector also works on the edge map of the input image. It starts by localizing straight lines in the edge map using Hough transform for straight-line detection. In an edge map, buildings are mostly characterized by straight edges bounding the walls, windows and roof areas. Hence, presence of a large number of convex hulls formed by straight lines is an indicator to the existence of building(s) in an image. This cue is used by the building detector to output the probability of an image containing building like structures.

The probabilities from the symbol recognizer and the building detector modules are combined to decide whether a candidate image contains the symbol or not. Then the image that contains the IARC symbol is fed to the geometry and calibration system to determine its location in real-world spatial coordinates.  
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