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An improvement of the mgority gate dgorithm suitable for grey scde
morphologica operations is presented in this letter. The redundancy of tempora
ggnds led to a amplified hardware implementation. It is shown that max/min
operators can be computed by the same circuit. A new pipdined systolic array

architecture based on this circuit isillustrated for dilation/erosion operations.



Introduction: Mathematicd morphology offers a unified and powerful gpproach
to numerous image processing problems, such as shape extraction, noise cleaning
and object selection according to their sze digtribution [1]. The two most basic
morphologica operations are dilation and eroson. Grey scde dilation is defined
as the maximum of the sums of the image window pixes and the corresponding
dructuring dement pixes [2]. Smilarly grey scde eroson is the minimum of the
differences. Morphologica image processing machines, such as the cytocomputer
and the CLIP array processors have been built [3]. Speed can be significantly
improved by using the threshold decompostion technique, but hardware cost
becomes prohibitively expendve as the resolution of the image increases [4].
Recently, a new dgorithm based on the mgority gate median filtering agorithm
[5] has been proposed in [6]. This is basicdly a bit-diced adgorithm where the
different bits of each addition/subtraction result is processed by different
processing dements (PES). Also, the max/min computation is achieved by
different PEs.

An improvement of the mgority gate dgorithm uitable for grey scde
morphologica operations has been proposed in this letter. The redundancy of
tempord dgnds led to a smplified hardware implementation of the PE.
Additiondly, it has been shown that there is no need for different PEsto cdculate
max/min operators. Both operators can be computed by the same PE. This circuit
combined with an adder/subtractor circuit can implement the operations of dilation
and eroson. As dilation and erosion usualy operate on the image in sequence it
becomes clear that in order to implement any other morphological operation,

there is no need to perform them smultaneoudy.

The extension of the majority-gate algorithm: In order to describe the
proposed dgorithm the notations and the definitions found in [6] have been
adopted. Let y be the output Sgnal of the max/min operator and n the window



size of the operator. Then, the operator has n inputsb; . Also, o; isthej th bit of

the binary representation of y.

It has been shown that [6] :
0;=(t;;) OR (t;;) OR ... OR(t,,;) for the max operator and
1)
0,=(t;;) AND (t;;) AND ... AND (t,; ) for the min operator
2
where t;; isatempora sgnd defined as:
ti; =(f;) AND (b;;) for the max operator and
3
L :(fi,j ) OR (bi,j ) for the min operator (4)
and f;; is the flag signal indicating whether b; remains within the set of the maxima
or theminima:
fi;41 =(f;;) AND[(t;;) XNOR (0)] for the max operator and
®)
fij+1 =(fi;) OR[(t;;) XOR(0;)] for the min operator
(6)

The following improvements have been made to previous briefly described
technique. By subgtituting (3) into (5) and usng Boolean adgebra:
fija=(fi;) AND{[(f;;) AND (b;; )] XNOR (0))}
=(f,;) AND{[(f; ;) OR (b ; )] AND (0, ) OR[(f;; ) AND (b;;) AND (0, )1}
=(f,;) AND{[(b; ;) AND (0; )] OR[(b;;) AND (o, )]}
=(fi;) AND [(b;; ) XNOR (0,)] for the max operator
(7)

Smilarly it can be shown that :
fij+1=(fi;) OR[(by;) XOR ()] for the min operator
(8)



Furthermore, subgtituting (3) into (1) :
0,=[(by;) AND (f;;)] OR[(b,;) AND (f,;)] OR... OR [(b,;) AND (f,;)]
9)

Also, egn (7) can be rewritten asfollows:
fij=(fij.10) AND[(b;;_1) XNOR (0,.1)]
(10)

and by subgtituting (10) into (9) :
0, =[(by;) AND{(f;;.;) AND [(by;_;) XNOR (0p)]}]
OR [(b,;) AND {(f,;.1) AND [(b,; ;) XNOR (0,)]}] OR ...
OR [(b,;) AND {(f,;.1) AND [(b,; 1) XNOR (0, 1)]}]
(11)

Smilarly, usng egns (2), (4) and (8) it can be shown that :

0 =[(by;) OR{(fy;.1) OR[(by; 1) XOR(0p)]}]

AND [(b,;) OR{(f,;.1) OR[(b,;.;) XOR (0;)]}] AND...
AND [(b,;) OR{(f,;.1) OR[(b,; .1) XOR (0,.1)]}]

(12)

and through De Morgan's law egn (12) becomes::

0; =[(by; ) AND {(fy; 1) AND [(by;.,) XNOR (05 )]}]
OR[(b, ) AND {(f,; ;) AND [(b,; ;) XNOR (0,)]}] OR ...
OR [(by;) AND {(f,,;.1) AND [(B, ;1) XNOR (0,.1)]}]

(13)

From (7) and (11) it is clear that coefficients t;; are not needed for the
computation of f;;,, and, therefore, a hardware simplification has been achieved
compared to that proposed in [6]. Also, egns (11) and (13) show that there isno
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need for redisation of different circuits in order to compute the max and the min
operators. More specificdly, the max operator circuit can be implemented using
egn (11), whereas the min operation circuit can be implemented by the same
circuit, by smply inverting both the inputs and the outputs. As an illudration,
uppose that the minimum of n binary numbers is required. If these numbers are
complemented bit by bit, then the minimum becomes maximum and it can be
traced by a max operator circuit. By inverting the previous result the minimum is
obtained.

Figure 1 shows the implementation of the PE based on egn (13). Thisis capable
of processing 3x3 image windows data. In order to compute the min values, b ;
and by; _; areinverted by means of XNOR gates. However, there is no need to
invert f;; ,,, since they are obtained from the aforementioned PE. This can be
seen by gpplying De Morgan's law on egn (8) and comparing the result with egn
(7). The initid conditions are; f;; ="1", by ="1", 0= "1" and f; ; ="0", by ='0",
0,= "0" for the max/min operations, respectively. Figure 2 depicts a pipelined
sysolic array capable of computing grey-scae dilation and eroson of 8 bit
resolution images, usng the PEs of Figure 1. Of course, the architecture is

scdable to handle images of higher resolution.

Conclusions: An improvement of the mgority gate dgorithm suitable for grey
scale morphologica operations has been proposed in this letter. The redundancy
of tempord sgnas led to a amplified hardware implementation. Also, it has been
shown that max and min operators can be computed by the same PE. A pipdined
systolic array architecture based on this PE has been illugtrated, for both dilation

and erosion operations.
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FIGURE CAPTIONS

Figure 1. Max/min PE operator for a 3x3 image window data.
Figure 2. A pipdined systalic array for computing dilation and eroson of 8-bit

resolution images.
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A/S : Adder/Subtractor

R : Register
y : Output
pi :Image pixel

s : Structuring element pixel

PE : Processing Element (shown in Figure 1)
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