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A Study on the Extraction of Feature by State-Space

Concept with Euclidean Distance Operator
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Abstract

An efficient and reliable method for the extraction of features is presented. The method
utilizes by a state space technique with Euclidean distance operator. The proposed method is
compared with the Sobel operator. Simulation results show that our method performs as well as

the Sobel operator.

I. Introduction

The extraction of features such as edges and
curves from an image is useful for a variety of
purposes. Edges and similar locally defined
features play important roles in texture analysis
(1-4). The interpretation of image edges as
arising from various types of discontinuities in
the scene plays an important role in the infer-
ence of 3-dimension surface structure from an
image (5-13). Edges are useful in image match-
ing for obtaining sharp matches that are insensi-
tive to grayscale distortions (14-19). Edges can
be used in conjunction with various segmenta-
tion techniques to improve the quality of a
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segmentation (20-28). It should also be
mentioned that linear curves are often of
importance in their own right, e.g. roads or
drainage patterns on low resolution remote
sensor imagery.

The general approach to edge detection
makes use of digital versions of standard
isotropic derivative operators, such as the gradi-
ent or Laplacian. A closely related approach is
to linearly convolve the image with a set of
masks representing ideal step edges in various
directions. Lines and curves can be similarly
detected by linear convolutions. However
linear operators are not specific to features of a
given type many also respond in other situa-
tions involving local intensity changes. An
alternative approach is to use gated operators
respond only when specific relationships hold
among the local intensities, In all of these
approaches the output is a quantitative edge
or curve value. The final detection decision
can be made by thresholding this value
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New classes of operators have been defined
based on fitting polynomial surfaces to the
local image intensities and using the derivatives
of these polynomials as edge value estimates.
This method which was first proposed by
Prewitt allows edges to be located to subpixel
accuracy (29). Another method proposed by
Hueckel is to find a best fitting step edge to the
local intensities.

The edge detectors were based on small
image neighborhoods, typically 3 by 3. A more
powerful approach is to use a set of first or
second difference operators based on neighbor-
hoods having a range of sizes and combine their
outputs, so that discontinuities can be detected
at many different scales. Here the edges are
localized at maxima of first differences or at
zero-crossings of second differences. Oprators
based on large neighborhoods can also be used
to detect texture edges, at which the statistics
of various local image properties change
abruptly. Cooperation between operators in
different positions can be used to enhance the
feature values at points lying on smooth edges
or curves. This was one of the first applications
of relaxation methods to image analysis at the
pixel level (34-35).

The standard approaches to edge detection
are based on a very simply model in which the
image is regarded as ideally composed of
essentially constant regions separated by step
edges. Recent study by Haralick is based on
the more general assumption of a piecewise
linear, rather than piecewise constant, image,
which allows simple shading effects to be taken
into account,

In this paper an efficient and reliable
method for automatic edge detection is pre-
sented. This method is based upon template
matching using state space techniques with a
Euclidean distance. The recursive character-
istic of the proposed method yields, compu-
tational efficiency.

The paper is composed into four parts.
Part 11 provides the concept of the method.
In Part 111, the method is evaluated in com-
parison with the Sobel operator. Conclusions
are included in part IV.

I1. Edge Detector Using State Space Techniques
Let the template weights be described by the

(847)
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coefficients Tij for i,j=1,2,3, L(j)) be the
intensity of the image at line i and column j,
and Yn(k) be accumulated result at line n and
column k. The representation of the operation
is shown in Figure 1. The template is placed
over each input pixel. The pixel and its eight
neighbors are multiplied by the their respective
template weighting coefficients and summed.
The result is placed in the output image at the
same center pixel location. This operation
occurs for each pixel in the input image, e.g.
256 X 256=65,536 times. Each operation
requires nine multiplications and nine addi-
tions. A full image convolution requires on
the order of a half-million multiplications and
addition-not a quick process,

Tre method in
this paper

Input image

Fig. 1. The representation of the operation,

For using state space technique, this process
can be realized by a moving average operator
mat H(S), define as:

Yn(k) = mat H(S) mat Cn(k+1)
where
mat H(S) = ((T11 8% + T12 S +T13)
(Ta1 S% +T22S +Ta3)
(T31S2 + T3 S +T33))
mat C(k+1) = In_l(k+l)
I (k+1)
In+1(k+1)

and S is the horizontal shift operator defined
by S'L(k) = L(k—i)
Replacing S by 1/Z, equation (1) can be
modified as follows:
Y (0 = (TuZ? + TpZ'+ Tip) I (k1)
+ (T 273+ Typ+Ty3) L (k+1)
+ (T51272 + T Z71 + Taz) Iy (k+1)

(2)

(1)
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mat H(Z) can be realized by a multi-input
single-output state space model as shown in
Figure 2 with equation (2).

z =T /Ty
ln—l -0
et PRSI
. 'rll
W) A ¥, 0)
k) @ “To/Ts e W)
L ktl) »O-
Tll/’r))
xk+l) xk) X k1) x, &)
Fig. 2. The multi input single output state

space model for realizing mat H(Z),

Employing this realization yields:

okl 10 -T,/T, 0 ¢ 0 0 x (K
xk&tD| |0 0 0 0 0 0 x (k)
X (H"l) ! ; 0 Tu/Tn 0 0 Xy (k)
b (k+1) 0 0 0 0 0 0 % (k)
x&+D| |0 0 0 0 0 —Tu/Ty % (k)
st Lo 0 ¢ 6 0 0 % (k)
T, 0 0
I TS
0 T, 0
+ 0 -T, 0 Lkt 1)
“in
Lo (b
0 0 T k1)
0 0 -Ty
X (k)
0 I (kD)
s k n-
Yn(k)=<1 0101 0) . Ek; +T13 Tn Tn) lln(k)
X
Lna (k+1
X3 (k) ( )
% (k)

Therefore, state space equation is obtained
mat Xn(k+1) = A mat X(k) + B mat Cn(k+l) 3)
mat Yn(k+1) = C mat X(k) + D mat Cn(k+1) 4)
where mat Xn(k) is 6 X 1 state vector and A, B,

(848)

C,Dare 6 X 6,6 X3,1X6,1X 3 matrices.

The image is vector scanned horizontally
from left to right and the 3 X 1 vector mat
Cn (k+1) is fed as an input to the state space
model yielding the output Yn(k). The vector
scan moves downwards in increments of one
line. mat Xn(O) represents the background
intensity to the left of the image. Each
template will correspond to a state space
model, thus, four state space models will
operate in parallel.

To illuminate how the method utilizes the
function Yn(k), let’s consider without the loss
of any generalities that the vertical line edge
shown in Figure 3 is to be detected using
template weight coefficients as shown in
Figure 4.

n—1 5 5 5 25 5 5 5

o 5 5 5 25 5 5 5

n+1 5 5 5 25 5 5 5
k—2 k-1 k k+1k+2

Fig. 3. The intensity of input image for vertical
line.

-1 2 -1
1 2 1
1 2 -1

Fig. 4. Template weight coefficients,

The state space mode! will yield the follow-
ing sequence of output: Yn(k-2)=0, Y n(k-1)=
-60, Yn(k)=l 20, Yn(k+1)=60, Yn(k+2)=0

A 5 by 1 pattern vector mat Yn(k)=(Yn
(k+2) Yn(k+1) Yn(k) Yn(k-l) Yn(k-2)) can be
formed to be utilized by the Euclidean dis-
tance. mat Yn(k) can be generated recursively
as follows:
mat Yn(k) = mat R(S) mat Cn(k+2) (5)

where mat R(S)! = ( H(S) SH(S) S2H(S) S*H(S)
S4H(S)). mat R(S) can be decomposed as
follows: mat R(S) = mat U(S) H(S) (6)
where mat U(S)t = (1 S 52 83 §%).

Equation (5) can be written as follows:
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mat Yn(k) = mat R(S) mat Cn(k+1)
= mat U(S) H(S) mat Cn(k+2)
= mat U(S) Yn(k+2)

mat Yn(k) = mat U(S) Yn(k+2)

)]

Replacing S by 1/Z mat U(Z) can be realiz-
ed by a single input multi output state space
model as shown in Figure 5.

Fig. 5.

The single input multi output state
space model for realizing mat U(Z)

Employing this realization yields:

0100] [wh ] [0]
0010 |wkt 0
W (k1) = + 10y,
mat W=\ o5 w(k+2) o [F2
0000/ lwk+d] [1]
000 0] .
matYal= | [ (1 1Ya(k+2)
k 0
0010 Wikt
0100l |w0t 0
+
1000 wikt3) g

Therefore, state space equations is obtained

mat W(k+1) = E mat W(k)+ F Yn(k+2) (8)
mat Yn(k) =G mat W(k)+]J Yn(k+2)
n,k=1,2,3,... 9)

where mat W(k) is a 4 X 1 state space vector
and E,F,G,Jare4X4,4X1,5X4,5X1
matrices.

The two state space models represented by
equations (3), (4) and (8), (9) can be augment-

(849)
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ed into one state space model as follows:
mat X(k+1) | _ A 0 mat X(k) +
mat W(k+1) P E| [mat W(k)
B mat Cn(k+2)
Q (10)
mat Y, (k) =(R G) |mat X(k)
mat W(k)
+ M mat C_(k+2) an
where 0 is 6 by 4 zero matrix and
000000 000 ég;gég T()HH“
=000000 0—000 R={000000] M={00 0
000000 oo 000000 000
01010 Ty Ty T
L1010 v 000000 000

The output vector mat Yn(k) is compared to
a predefined set of prototype vectors that
represent the different types of edges that can
be detected using the template that is associ-
ated with the state space model. Classification
of the pattern vector is based on a Euclidean
distance concept as follows:

Consider M pattern classes and assume that
these classes are representable by prototype
patterns mat 2, Z,, - - -, Zm. The Euclidean
distance between the i-th prototype which
represents the i-th type of edge associated and
pattern vector mat Yn(k) is

D;=11 matY (k)-mat Z, 11
n

=/ (mat Y (k) -mat Z,)* (mat Y (k) -mat Z,)
12)

Euclidean operator computes the distance from
a pattern mat Yn(k) of unknown classification
to the prototype of each class, and assigns the
pattern to the class to which it is closet. In
other words, the pattern vector is assigned to
the i-th edge if

D;(mat Yn(k) ) <Dj (mat Y (k) ) for all i=j

The pattern vectors from the other three state
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space models are compared to the prototype e ey
of the associated templates. Upon the com- ‘
pletion of the classification process, a mapping
function to map the edges will be invoked.

The method associated state space equations
requires that the number of multiplications
needed to obtain mat Yn(k) is only 15 multi-
plications . Fig. 8. The produced image by the method in

the paper.

B

L
it R

III. Evaluation of the method

The method presented in the paper was . “ . %ﬂﬁ %
evaluated using the input image of 3M, For ‘{um-"wﬁ M m’
each template used by the recursive edge J_— 5* ~4 ‘?q;
detector Figure 6, the state space model is ‘5; ”‘ﬂ_,‘_wi’ g
developed as described by equation (10) and “"wm—m i s w:»“
@11). ‘

Fig. 9. The produced image by the Sobel
operator.

mask 1 mask 2 mask 3 mask 4

Fig. 6. The mask of edges that are stored as
prototypes.

For each mask there are about 20 types of
edges that are stored as prototypes, and are
used by the Euclidean distance operator. The
threshold value *“T” was chosen to be 40 and
an edge detection is displayed if the outcome
of the mask is larger than 1 3T 1,

Figure 7 shows the input image of the letter
3M and Figure 8 shows the produced image
which is applied Figure 7 by the method of
state space concept. The Sobel operator is
applied to Figure 7 and the result is shown in
Figure 9, It is evident that the method in the
paper performs as well as the Sobel operator.

Fig. 11. The produced image by the method in
Fig. 7. The input image of the letter 3M. the paper.

(850)
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Fig. 12. The produced image by the Sobel
operator.

IV. Conclusion

In this paper a recursive edge detection
method based on the state space concept with
an Euclidean distance operator is proposed.
The simulation result demonstrates that the
method in the paper performs as well as the
Sobel operator,
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