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Criteria for evaluation
• Accuracy: The difference between estimated and true 

values.
• Reliability: The rate of success of an algorithm.
• Robustness: The degree of stability of the accuracy 

or reliability of an algorithm under variations in its 
input parameters.

• Computational complexity: Speed

The performance of an algorithm depends on the 
performances of its components.
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Feature selection accuracy

• Maximum, mean, or root-mean-squared 
distance between positions of obtained point 
features and true point features.
An example: Find points where edges or lines meet.

MAX=1.4 pixels
MEAN=0.6 pixels
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Feature selection reliability

• True positive probability: The rate of detecting the 
features.

• False negative probability: The rate of missing the 
features.

• False positive probability: The rate of detecting 
false features.

TPP: 16/21
FPP: 8/21
FNP: 5/21
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Feature selection robustness

• The rate of change in accuracy or reliability of 
detected features as resolution, noise, etc., in 
input are changed.

Corners detected at different resolutions.

TPP: 16/21; FPP: 8/21    TPP: 20/21; FPP: 8/21     TPP: 20/21; FPP: 8/21
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Feature correspondence  
performance

• Accuracy: A correspondence is either correct or incorrect; 
therefore, speaking about the accuracy of a feature 
correspondence algorithm is meaningless.

• Reliability: 
– True positive probability: The rate of finding the correct 

correspondences.
– False positive probability: The rate of finding incorrect 

correspondences.
– False negative probability: The rate of missing the correct 

correspondences.

• Robustness: The rate of change of the reliability under 
variations in input parameters.
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Transformation function 
performance

Accuracy: Given that all correspondences are correct 
and exact, the maximum, mean, or root-mean-squared 
distance between corresponding points in the images 
after registration describes the accuracy.

• If the images have only linear geometric 
differences, the transformation should be linear 
or one that is very close to it.

• A transformation for non-rigid registration 
should be able to describe complex local 
geometric differences between images.
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Transformation function 
performance

• Reliability: A transformation function always 
registers two images, therefore, speaking about 
the reliability of a transformation is 
meaningless.

• Robustness: The stability in accuracy of a 
transformation function under various types of 
geometric difference between images, density 
of point features, organization of point 
features, and noise in the correspondences.
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Registration performance

• Accuracy: This depends on the accuracies of 
the point features and the transformation 
function.

• Reliability: This depends on the reliabilities of 
the selected features and the correspondences. 

• Robustness: Stability in the accuracy or 
reliability of registration as different kinds of 
images are used.
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Computational complexity

• The highest computational complexity of the 
components of the algorithm.

• The computational complexity of registration 
algorithms is required to be a linear function of 
the image dimensions for them to be useful in 
interactive applications. 

• Algorithms with computational complexities 
higher than order two of the image dimensions 
are not very useful.
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Validation data
• Simulation or synthetic data: Realistic images are used as 

the reference images. Sensed images are generated from the 
reference images using known transformation functions.

• Phatom data: Images of a synthetic scene that models the 
scene to be imaged are used.

• Fiducial landmarks: Markers that are easily identifiable in 
images are planted in the scene and images of the scene are 
obtained.

• Natural landmarks: Easily identifiable scene landmarks such 
as road intersections, centers of gravity of lakes, branching 
points of vessels. 

• Differential markers or corner points: Points with 
predefined mathematical properties.
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