
The Exact (r,q)-Hough Transform 

-- Definition and Performance 

Institute of Information and Communication Technologies  

at Bulgarian Academy of Science (IIT-BAS)  

Sofia, Bulgaria 

at Computer Vision and Multimedia Lab 

University of Pavia 

Nov. 15, 2016 

a presentation by Dimo T. Dimov  

(dtdim@iinf.bas.bg ) 



Acknowledgements 

This lecture is partially sponsored by the Erasmus+ Programme 

 Key Action 1 ï Mobility for learners and staff ï Higher Education 

Student and Staff Mobility, Inter-institutional agreement 2014-2021 

between  

  Bulgarian Academy of Sciences (BG SOFIA30), and 

  University of Pavia (I PAVIA01)  

 

 

 

 

     The lecture is based (but not limited) on the results published the same title paper 

by: D. Dimov, and A. Dimov, in Rachev B., and A. Smrikarov (Eds.), Proceedings of 

CompSysTechô16, Palermo, Italy, 23-24 June 2016 (ACM Int. Conf. Proc. Series, 

ACM PRESS, NY, USA, 2016, pp.198-205). 

  

 

 
The research is partially sponsored (i) by the ETN-FETCH project, an Erasmus TN 

539461-LLP-1-2013-1-BG-ERASMUS-ENW, coordinated by the University of 

Ruse, BG, as well as (ii)  by the National Astroinformatics project, Grant DO-02- 

275/2008 of the National Science Fund at Bulgarian Ministry of Education and 

Science. 

http://dl.acm.org/citation.cfm?id=2983523&CFID=865067031&CFTOKEN=54232689 





Contents 

1. Hough transform can stress on elongated objects in an 
image 

 

2. (r,q) modification of HT; it is equal to a Radon 
transform 

 - (r,q)HT applied for text slope evaluation  

 - (r,q)HT applied for astro-images of interest  

 

3. The exact (r,q) HT definition 

 

4. The exact (r,q) HT performance 

 

5. Discussion & Conclusion 



References 

[1] Aniol, R., H. W. Duerbeck, W. C. Seitter, and M. K. Tsvetkov: An automatic 

search for flare stars in southern stellar aggregates of different ages. In L.V. Mirzoyan, 

B.R. Pettersen and M.K. Tsvetkov (Eds.), IAU Symp. 137, Kluwer Acad. Publish., 

London, pp.85-94, 1990.  

[2] Chou, N., J. A. Izatt, S. Farsiu: Generalized pseudo-polar Fourier grids and 

applications in registering ophthalmic optical coherence tomography images, 43rd 

Asilomar Conf. on Signals, Systems and Computers, 2009, pp.807-811, Nov. 2009, doi: 

10.1109/ACSSC.2009.5469972 

[3] Dimov, D.: Using an Exact Performance of Hough Transform for Image Text 

Segmentation. In Proceedings of ICIPô2001, Oct. 7-10, 2001, Thessaloniki, Greece, vol. 

I, pp.778-781, 2001. 

[4] Dimov, D., and A. Dimov: Cumulative Approach Using Hough Transform to 

Segmentation of Star Chains in Multi -Exposure Wide-Field Plate Images. In: Proc. of 

CompSysTechô10, ACM Int. Conf. Proc. Series, vol. 471, ACM PRESS, NY, USA, 

pp.478-484, 2010. 

[5] Duda, R. O., and P. E. Hart: Use of the Hough transformation to detect lines 

and curves in pictures. Communication ACM, 15, (1972) 11-15. 

[6] Hart P. E.: How the Hough Transform Was Invented. IEEE Signal Processing 

Magazine, 18, Nov. 2009, Elsevier, doi:10.1016/j.patcog.2014.08.027 

http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027
http://dx.doi.org/10.1016/j.patcog.2014.08.027


References 

[7] Illingworth J., J. Kittler: A Survey of the Hough Transform. Computer Vision, 

Graphics, and Image Proc., 44 (1988) 87-116. 

[8] Keller, Y., A. Averbuch, M. Israeli: Pseudopolar-Based Estimation of Large 

Translations, Rotations, and Scalings in Images. IEEE Trans. on Image Processing, 

14(1) (2005) 12-22. 

[9] Mukhopadhyay, P., B. B. Chaudhuri: A Survey of the Hough Transform. 

Pattern Recognition, Elsevier, 48 (2015) 993ï1010. 

[10] Pavlidis, T.: Algorithms for Graphics and Image Processing. Computer Sci. 

Press, Inc., 1982.  

[11] Press, W. H.: Discrete Radon transform has an exact, fast inverse and 

generalizes to operations other than sums along lines. PNAS of USA, vol. 103 no. 51, 

19249ï19254, 2006. 

[12] Shi, D., L. Zheng, J. Liu: Advanced Hough transform using a fractional 

Fourier method. IEEE Transactions on Image Processing, 19(6) (2010) 1558-1566. 

[13] Averbuch, A., R.R. Coifmanb, D.L. Donoho, M. Elad, M. Israeli: Fast and 

accurate Polar Fourier transform. Appl. Comput. Harmon. Anal. 21 (2006) 145ï167 

 



Hough transform to stress on elongated objects in images 

              [2, 7, 8, 9, 12] 

- The original HT, by Hough (1961): 

         a line L(x,y|k,b): (y=kx+b) in the object (input image) space ė the point 

LHT(k,b) of the HT parameter space;          

            A line (as a continuum of points) <=> a point (as a continuum of lines crossing it) 

            Troubles with HT representation of  vertical lines (k°¤) 
 

- The (r,q)HT, a modification of HT by Duda & Hart (1982): 

          based on the normal equation of a line: L(x,y|r,q): x.cos(q)+y.sin(q)=r  

            A line (as a continuum of points) <=> a point (as a continuum of sinusoids crossing it) 

            (|r| ¢ Diag(image), -p/2 < q ¢ p/2) 



(r,q)HT to recognize the slope of text rows in an image 
( the most popular application of HT ) [3, 5, 6, 7, 9] 



Our case: (r,q)HT to recognize stellar chains in an image 
 [1, 4] 

         Segmentation of stellar chains, 
obtained by a specific astronomical 
method: multiple photo expositions 
(combined over one and the same 
photo plate) of the observed sky 
quadrant. 

         This is a problems to be solved in 
our project on Astroinformatics  



éHough transform to stress on elongated objects in images 

- The traditional algorithm for (r,q) HT performance: it transforms each 

image pixel and accumulate its HT representation (a cosinusoid) into HT 

space. To increase the representation precision you have to increase the 

HT space (i.e. array)  size. And the processing complexity is  ~ 

Xmax.Ymax.qmax ~ N3 (!) A new approach is obviously necessary to speed 

up but to make more precise too [3, 8, 9, 11, 12, 13] 

      An exact HT can be defined using the fact that: 

- The (r,q)HT is equivalent to the transform of Radon (1917): [7, 9, 11,13] 
  

 

 

 

where RoI is the definition domain of the image f = f(x,y), (x,y) Í RoI; RoHT is the 

definition domain for HT of the image, i.e. for h = h(r,q); and d(.) is the Diracôs 

function. 

- Image processing uses direct (r,q)HT (i.e. RT), while computer 

tomography ï the inverse RT (i.e. (r,q)HT-1)  


