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Mathematical Morphology



Introduction to Mathematical Morphology



Mathematical Morphology. Introduction.



Developed in The Ecole des Mines of Paris (1960s). Founders : Matheron [2], Serra [1]. Branch of digital image processing and analysis. Use concept of algebra (Set Theory, Complete lattices) and geometry (translation, convexity). Quantify and preserve the main shape characteristics of objects.
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Mathematical Morphology



Introduction to Mathematical Morphology



Primary Morphological Operators. Erosion : w (X )



Dilation : δw (X )
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Mathematical Morphology



Similarity between basic algorithms.



Classical Morphological Algorithm. Erosion.



1: 2: 3: 4: 5: 6: 7: 8: 9: 10: 11:



function E ROSION(f ) point_iter p for_all(p) { r =∞ window_iter q for_all(n) W r = (r , f (q)) output(p) = r } end function
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Mathematical Morphology



Similarity between basic algorithms.



Convolution Product. Between two Image.



Definition : f ∗w g : ∀p, Σq f (p − q) × g(q) 1: 2: 3: 4: 5: 6: 7: 8: 9:



function C ONVOLUTION(f , g) point_iter(I) p for_all(p) { window_iter(I) q for_all(q) output(p)+ = f (p − q) × g(q) } end function
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Mathematical Morphology



Similarity between basic algorithms.



Similarity between basic algorithms. The parallel pattern.



The Convolution Product and the Erosion/Dilation operators have similar construction : 1: for_all(p) 2: { 3: for_all(q) 4: Do Something. 5: output(p) = result 6: }



We have a “class” of algorithms.
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Mathematical Morphology



Similarity between basic algorithms.



Process Pattern in Morphomaths. d’Ornellas Pattern



Basic Morphological Algorithms can be classified. d’Ornellas classification of 37 algorithms :



Refs [3] [4] [5]



Pattern Parallel pattern Sequential pattern Queue-based pattern
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Morphological Canvas



What are canvas and Why use them?



Morphological Canvas. What is it and Why use it ?



Patterns/Canvas are : A step to factor code. A self documented pieces of code. A code with holes.



Canvas provide : A good base for frameworks and toolkits. A Documentation. Extensibility.
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Morphological Canvas



How to implement canvas?
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Morphological Canvas



How to implement canvas?



A Two-pass Algorithm. Procedurale version.



An algorithm using two passes to process an image. 1: 2: 3: 4: 5: 6: 7: 8:



procedure MYA LGO(I img) I::bkd_iter p1 (ima) for_all(p) ... I::fwd_iter p2 (ima) for_all(p) ... end procedure



. Do Something 1



. Do Something 2



This pattern uses information of different nature: Type, Data, Processing.
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Morphological Canvas



How to implement canvas?



Symbolic Rewriting Procedurale version.



procedure MYA LGO(N ) 2: p1 N 3: for_all(p1 ) 1:



4: 5: 6:



. Do Something 1



1



p2 N for_all(p2 )



7:



2



8:



end procedure Legend : N= Type,



Ugo Jardonnet (LRDE)
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Morphological Canvas



How to implement canvas?



The Two-pass Canvas.



Remember: myAlgo is monolithic. We want to split canvas (algo with holes) code (to fill holes)



How ?
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Morphological Canvas



How to implement canvas?



Naive form. ◦ Solution N 1.



An object (fun) provides Processing (Fills hole). 1: 2: 3: 4: 5: 6:



procedure T WO - PASS1 (N , F fun) p1 N for_all(p1 ) fun. 1 (p1 , ) ... end procedure We now have a canvas. Many algorithms need extra data, which is not handled here.
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Morphological Canvas



How to implement canvas?



With extra-Data. ◦ Solution N 1bis.



xdata : Encapsulation of auxiliary data. 1: 2: 3: 4: 5: 6:



procedure T WO - PASS1 (N , F fun, D xdata) p1 N for_all(p1 ) fun. 1 (p1 , , xdata) ... end procedure The canvas can be used with auxiliary data. Finally, xdata and
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Morphological Canvas



How to implement canvas?



With Data. ◦ Solution N 2.



Here, owns Type information, extra-data, input images, output images . . . 1: 2: 3: 4: 5: 6:



procedure T WO - PASS1 (N , F fun) p1 N::I .ima for_all(p1 ) fun. 1 (p1 , ) ... end procedure A more coercive version regarding data. If data owns Type and Data information, it could share Processing information too.
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Morphological Canvas



How to implement canvas?



Data owned by fun. ◦ Solution N 3.



The functor fun provide type, data and Processing information. 1: 2: 3: 4: 5: 6:



procedure T WO - PASS1 (F fun) p1 F::N fun. for_all(p1 ) fun. 1 (p1 ) ... end procedure



. No useless argument



A very coercive version : Data, Type and Processing in the same structure. Wich is still readable.
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Morphological Canvas



How to implement canvas?



Summary. The two-pass canvas.



Canvas1 : owns : p1 , p2 needs : N, , 1 ,



Functor :



2



owns : N, , 1 , 2
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Morphological Canvas



Canvas implementation in Olena.
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Morphological Canvas



Canvas implementation in Olena.



Canvas implementation in Olena 1.0. The two-pass canvas.



1: 2: 3: 4: 5: 6: 7: 8: 9: 10:



template void two_pass(F& fun) { oln_bkd_piter(F::I) p1(fun.f.points()); for_all(p1) fun.first_pass_body(p1); oln_fwd_piter(F::I) p2(fun.f.points()); for_all(p2) fun.second_pass_body(p2); }



Ugo Jardonnet (LRDE)



Canvas in Morphological Algorithms



SCSI 2007



23 / 27



Morphological Canvas



Canvas implementation in Olena.



Canvas implementation in the Olena prototype The two-pass canvas. [Thivolle06] 1: 2: 3: 4: 5: 6: 7: 8: 9: 10: 11: 12: 13: 14: 15:



template struct two_pass : public mlc::any { void first_pass_body(point p) { this->exact().impl_first_pass_body(p); } void second_pass_body(point p) { this->exact().impl_second_pass_body(p); } void run() { for_all(p1) in bkd_iter(I) first_pass_body(p1); for_all(p2) in fwd_iter(I) second_pass_body(p2); } }; Ugo Jardonnet (LRDE)



Canvas in Morphological Algorithms



SCSI 2007



24 / 27



Conclusion



Conclusion.



Using canvas have a lot of advantages as long as they are readable and easy to use. Improved time of development. Reusable and very extensible part of code.



A canvas must possess the bare minimum of information. Any other information must be owned by the functor.



Outlook What parts of responsibility for the canvas in the processing? Does Olena must provide canvas able to treat any possibility?
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Appendix



For Further Reading



For Further Reading I J. Serra. Image Analysis and Mathematical Morphology. Academic Press, London, 1982. G. Matheron. Elements pour une théorie des milieux poreux. Masson, Paris, 1967. M. Ornellas. A Parallel Algorithmic Pattern. sugarloafplop, PIGS/CCC/UFSM e LACESM/UFSM - Convnio INPE/UFSM, 2002. M. Ornellas. A Sequential Algorithmic Pattern. sugarloafplop, PIGS/CCC/UFSM e LACESM/UFSM - Convnio INPE/UFSM, 2004. Ugo Jardonnet (LRDE)
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Appendix



For Further Reading



For Further Reading II



M. Ornellas. A Queue-based Algorithmic Pattern. sugarloafplop, PIGS/CCC/UFSM e LACESM/UFSM - Convnio INPE/UFSM, 2002. G. Darbon, T. Geraud, A. Duret-lutz Generic implementation of morphological image operators. ISMM, Sciro Publishing, 2002. D. Thivolle. Canvas in Olena.
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