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The template is created by applying the McClellan transformation [6] 
to a 2D profile constructed from two identical Gaussian functions set 
apart by the targeted diameter. The cross-sectional shape is controlled 
by �  of the input Gaussians. Wider cross-sections accommodate larger 
marker eccentricities and greater ranges of radii at the cost of center 
position specificity and reduced signal to noise ratio. As the marker 
detection results only regionalize marker locations, positional errors of 
several pixels are acceptable. Once a marker region is isolated, it can 
be processed to determine the sub-pixel location of the marker. 
 
Validation 
 
The proposed marker detection template and convolution process was 
compared to the standard Hough circle transform in the categories of 
response, and processing time. The Canny edge detection results from 
an image comprised of 20 representative RSA markers (Fig. 2-A,B) 
was used to test response. Ten of the markers had completely un-
obscured outlines, and the other ten, partially obscured or with marker 
sized artifacts in close proximity. The computational performance was 
evaluated with respect to increasing image size, using a single 
361x361 pixel edge image placed on 15 blank backgrounds ranging 
from 361 to 1061 pixels square (constant number of edge pixels), and 
as a function of information quantity with ten 361x361 pixel image 
sections with differing quantities of edge pixels  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
Results 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
Response 
 
The response of the convolution-based circle finding method compares 
very favorably with the Hough transform results. In general the 
convolution based method has a higher and less variable response (Fig 
3-A).  When combined with the signal to noise ratio, the abili ty to 
localize marker locations is as good if not better than the discrete 
Hough transform. The response to partially obscured markers (Fig. 3-
B) is also a much higher percentage of the peak response with the 
convolution based method.  
 
Computational Performance 
 
The convolution based method holds a significant computational 
advantage over the Hough transform. This advantage is increased with 
increasing image size and content (Fig.4-A,B) and is compounded 
when multiple radii marker searches have to be performed.  
 
CONCLUSION 
The process of marker detection is responsible for the largest 
percentage of computational time in RSA process and has been 
previously implemented by use of the Hough transform. The new 
marker detection method has demonstrated considerable reductions in 
computational time and a more consistent response to RSA markers. 
Combined, these improvements provide a more efficient and robust 
approach to the process of RSA marker detection.  
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Figure 2: (A) A composite image of single markers; (B) The edge 
image for A; (C) The response for the convolution process; (D) A 
typical RSA image section; (E) The edge image for D 
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Figure 1: A sample pair of convolution templates for detection of RSA 
markers with radii of 12 pixels. 

Mean Peak 
Response 

Standard 
Deviation

Max 
Background 
Response

Minimum 
Normal 

Response 
(MPR-2SD)

Signal to 
Noise Ratio 
(MNR/MBR)

Convolution 164.62 2.86 88.37 158.9 1.798
Hough Transform 87.7 16.68 29 54.34 1.874

Marker 1 2 3 4 5 6 7 8 9 10
Convolution 39.6 42.8 49.9 45.4 72.9 92.5 65.3 86.2 97.9 100
Hough Transform 27.5 26.7 31.7 27.5 43.3 71.7 42.5 61.7 84.2 90.8
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Figure 3: (A) The marker detection response for un-obscured 
markers; (B) The response for obscured markers (% of max).  
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Figure 4: The performance of both marker detection methods with 
increasing image size (A) and information (B). 
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