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In t roduct i on

� A neural network  (NN) is a computing system 
which is made up of a number of simple, h ighly 
interconnected processing elements, and which 
processes information by its dynamical state 
response to external inpu ts.  

� NN appear to be usefu l in  solving problems that 
more t radit ional system has failed.  NN have been 
used in problems like:  speech recognit ion, vision, 
and pat tern recognit ion.



Morphologi cal  Percept ron

� MNN u t il ize algebraic lat t ice operat ions 
structu re known as semi-r ing                  , 
different  from tradit ional neural networks 
that  are based on the algebraic st ructu re 
known as r ing (R,+,×). The operat ions � 
and � denote binary operat ions of 
minimum and maximum, respect ively. 
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Mat hem at i cal  Model
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p is the j input synapse value at the 
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i neuron 

ijw denotes the synaptic weight between the
th
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Act i vat i on  Funct i on
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Hard-l im i t  funct i on



2-Dim ensional  Space Exam ple
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Deci si on  Boundary  for  t he
2-Dim ensional  Space Exam ple
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Maxi m um  Funct i on  
Com parat or  and Sum m at or
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Maxi m um  Funct i on  
Com parat or  and Sum m at or
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Com plet e MNN Hardware Model
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Pract i cal  Considerat i ons

� One of the most  impor tant  considerat ions 
is the fact  that  the diodes used in the 
comparator  circu it  requ ire a cu t -in voltage 
that  cou ld be up to  0.7 V, depending on 
whether  germanium or  sil icon diode is 
used.



Com parat or  wi t h  Bias Vol t age
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Hardware Prot ot ype



Resul t s f rom
t he Hardware Model



Conclusi on

� A hardware morphological neural network  
model has been presented in th is project . 

� The model is implemented using discrete 
and monolith ic circu it  components such 
as diodes, resistors, and op-amps. 

� The model was tested using circu it  
simu lat ion with Pspice and implemented 
using germanium diodes and 741 op-
amps. 



Conclusi on

� The hardware model was tested in a 
classificat ion problem and compared to 
the computat ional model. The resu lts 
obtained with both models where 
considered pract ically the same. 

� Fu tu re work  will be per formed to 
implement other MNN configurat ions and 
models.





Quest i ons?


