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The paper presents a simple system based on an IBM personal computer equipped with additional extension
boards. It makes possible to process TV signal and track objects in real time. It consists of AID converter, 2D filter,
and FIFO memory interfaced to computer bus. Hardware and software description is given. The selection of 2D
filter is also discussed. The system application is limited to the objects on a relatively uniform background.
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1. Introduction

The segmentation is often a preliminary stage of
further image processing. It enables to separate image
areas belonging to different objects. Numerous meth-
ods of segmentation are known. Here, only a few are
mentioned; thresholding, edge detection, fuzzy sets,
and neural nets. A review is given in [1]. Only few
methods can operate in real time and usually they re-
quire sophisticated equipment [2-5]. We describe a
simple system based on an IBM personal computer
equipped with additional extension boards. It makes
possible to process TV signal and track objects in real
time. The system operates on the edge detection prin-
ciple. In the sequel, we will show both theoretically
and practically that a single filter of special design
can successfully replace two classical edge detectors.
The system was designed and tested at the Telecom-
munication Institute of Warsaw University of Tech-
nology under the “Photonic Engineering” priority
programme grant.

2. Principle of operation

A block scheme of the system is shown in Fig. 1.
A CCD camera is a source of the standard black &
white video signal (50 TV fields per second, 625 lines
per frame, 1 V,, ;). A video signal is supplied to a fast
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A/D converter where it is converted into 8-bit binary
data corresponding to image intensity. 512 samples
are taken per each line. The binary data is fed to a
two-dimensional filter (Plessey PDSP 16488) [6].
Here, the binary video data is multiplied by a group of
coefficients arranged in 2D mask and then added.

Let us denote the pixel intensities by a;; and the fil-
ter coefficients by [pylnsay Where N can be as high as
8 [6]. Then the output s, of 2D filter is given by

N N (1)
Sout = 2 2 Pui@isk,j+i
k= 11=1

Due to the special architecture [6] the filtering
process is performed in real time. Examples of the
2D filters are shown in Figs. 2 and 3. The output s,
is large when the filter is matched to the current part
of the image. If the filter is matched to an edge, for
example, it gives a high output when it encounters
the edge in the image. This output is internally com-
pared with a predefined threshold. In this way, the
single bit output of the comparator is high when it
encounters the edge and low in the opposite case.
Such a binary edge image is depicted in Fig. 4. It is
displayed on an auxilliary monitor for verification
and control. This image is stored in a two-port FIFO
memory where 256 lines each 512 pixels long may
be saved. An interrupt request bit is set in ISA bus
after the end of the TV field. An appropriate inter-
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Fig. 1. Block scheme of the system.
rupt service routine initiates the data transfer from
FIFO to the computer RAM. The binary image data 9 L € =140 | =110
is further processed by this routine and the target po- | =
sition is determined in the way described in the next /10| 1/10 0 -110 | -1/10
paragraph. Values of the four coordinates of an area —
containing the target (Xpin, Xmax> Ymin» Ymax) ar€ sent 1/10 1/10 0 -1/10 | -1/10
back to the extension card via the ISA bus. They de-
termine the position of the tracking window on the 1/10 1/10 0 —1/10 | =1/10
screen as shown in Fig. 5. Since the 2D filter pro-
cesses thg enfire imafgel in real time, the tracking 10 1/10 0 110 | —1/10
window size is not limited and may be almost as f

large as the image itself. To display the tracking
window an MSB of the pixel intensity data is in-
verted in appropriate moments before the intensity is
converted back to the analog form. During the object
movement the coordinates Xy, Xmaxs Ymine Ymax

change what is shown on a screen as the tracking

window movement or/and shape change. It enables
the operator to monitor the tracking process.

1/3 0 -1/3

1/3 0 -1/3

1/3 0 -1/3
L :
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Fig. 2. Examples of the 2D classic edge detectors.
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Fig. 3. Example of a SED filter (to obtain unit edge response
the filter coefficients should be multiplied by 0.1).
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Fig. 4. Example of a binary edge image.
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Fig. 5. Coordinates of the tracking window.
Xmin < ¥ < Xmax

3. Software

After the main routine is started, the initial settings
of the tracking window are sent to the card. The oper-
ator can change the window position from the key-
board. When the window contains at least a part of
the selected object, the operator can initiate the auto-
matic tracking procedure. This routine awaits the in-
terrupt from the FIFO board. When it occurs the data
transfer from FIFO to RAM is started. Once the trans-
fer is finished the program begins searching for non-
-zero pixels in the area containing the tracking win-
dow. This area is determined by

Xpin —d <X < Xpax +d

Ymin —-d <Y < Ymax +d

(2)

whereas the coordinates of the tracking window are
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3)

Ymin <Y < Ymax

The scanned area is slightly greater since the initial
object size may exceed the tracking window size. An
increase in the searched area enables the window to
match the object size after a few iterations. Maximum
and MIinNiMum X, Xmax Ymine Ymax coordinates of
non-zero pixels (shown in Fig. 4) are stored and they
determine the tracking window coordinates during the
next TV field. Since the data varies according to the
target size and/or position, the operator can monitor the
tracking process on a screen. If necessary, the tracking
data may be recorded for further processing.

4. Filter selection

The system performance is mainly determined by
the two-dimensional filter selection and the threshold
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level value. The latter one was chosen in a heuristic
way to get the best results for a given class of images.
A discussion of this problem may be found elsewhere
[9]. Two types of filters were tested: classic edge de-
tectors (Fig. 2) and single (filter) edge detectors
(SED) of the type described below. The classic edge
detectors are sensitive to the edge direction and they
give zero output for edges orthogonal to the filter di-
rection. Thus, at least two of such filters (perpendicu-
larly directed) are necessary for correct operation.

The SED filter is optimised for edge detection
[10]. Its correlation with an ideal edge is maximum or
minimum. At the same time, it has good noise proper-
ties and its response to a constant background equals
zero. Furthermore, its response is independent of the
edge direction. It means that the filter coefficients
should depend only on the distance to the filter cen-
tre (r). If we denote the filter (mask) coefficients by
pi(1 i <N, 1 <j <N) the enumerated conditions
lead to the following equations

N N 4)
J1=2 X2 p;=0
1=1j=1

zero correlation with a constant background,

N N (5)
Jy = ) X pij =const
1= 1j=

predefined value of the white noise response,

(6)

N
I=% Y p;=max/min
1= 1j= d+N/2

maximum correlation with an ideal linear edge placed
at the distance d from the filter centre.

The problem solution is given in the form of func-
tional equation [10,11]

V.{+11V‘I1+;‘,2VJ2 =0 (?)

where V denotes the functional gradient, and A, A,
are the Lagrangian multipliers. Since the functionals I
and J are linear and the functional J, is quadratic, the
gradients may be easily calculated. In [10] Eq. (7) is
solved and solutions are given in an explicit form

A

- 22, for r<d
r) = )]
/ A +2arcc05g
2, for azr=d

Here r is the distance from the filter centre, f(r) is the
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pixel value, a is the filter radius and d is the parame-
ter. The examplary SED filter and the function f(r) are
shown in Figs. 3 and 6, respectively.
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Fig. 6. Function f(r) for d/a = 0.45.

The coefficients of both types of filter are so cho-
sen that the maximum correlation with an ideal edge
(100% contrast) is equal to one. These correlations
are shown in Fig. 7 for both types of filter as a func-
tion of the edge displacement from the filter centre. It
is necessary to stress that the correlation maximum is
slightly shifted from the edge position for the SED fil-
ters. Contrary to the classic edge detectors, the SED
filters have the same sensitivity for horizontal and
vertical edges and almost the same for slant edges.
This is shown in Fig. 8. An important measure of per-
formance of the filters is their noise resistance. The
noise resistance increases with increase in the filter
size. Furthermore, it follows from [10] that the classic
edge detectors are less noise sensitive than the SED
filters of the same size.

Another important feature of each filter is its abil-
ity to detect small objects. It is directly related to the
noise resistance. In general, if the filter is more sensi-
tive to noise it can detect smaller objects as well.
Thus, the SED filters give better results for small tar-
gets. Another issue is tracking of mobile targets.
Since the CCD camera integrates the incident light,
the mobile objects have smeared edges as shown in
Fig. 9. When the object shifts during TV field, it is
difficult to find the precise position of its edge. Due to
the smearing, the correlation of the object decreases
for both types of filter. The maximum correlation is
shown in Fig. 10 as a function of the object's shift. It
is readily seen that it rapidly drops when the object
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Fig. 7. Filter response to an ideal edge (a) as a function of the displacement n from the edge given in pixels: (b) classic edge
detectors, (¢) SED filters.

Immobile; target
1 2k < ~ Movement direction
| 7N P .. —>
] *\b / %
1 \ / \
1 & \\ /. X
- ," \ ¥ | P
47 \
P | \
AN
LY T I T T T T | L %
V8 =2 =170 1 2 8 ) >
\ o Shifts
\ ] : ; oy :
\a ," o Fig. 9. Mobile object intensity.
b\} '
\ S
v a shift increases. The correlation is greater for the filters
Ny i of larger size.
v =1 4

In general, the filter selection is determined by the
Fig. 8. SED filter (Fig. 3) response to edges of different objects we want to detect and track. The edge filters

orientations: (a) vertical or horizontal edges, (b) slant (45°or  are better suited for larger objects on (possibly) noisy
135°) edges. images, whereas the SED filters give better results for
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(a) (b)

Fig. 10. Maximum correlation as a function of the object shift m given in pixels: (a) classic edge detectors, (b) SED filters.

smaller objects. We do not state that our filter always However, under the adverse conditions the sys-
outperforms classical edge filters. We would like to tem does not operate correctly. The problems are
stress that our (single) filter may successfuly replace a  listed below. In particular, mobile targets tracking

pair of classical edge filters. caused the problems. Extremely fast moving targets
practically disappeared from the auxillary monitor
5. Results screen where the edge image was displayed. This ef-

fect is shown in Fig. 12. The edges of immobile dis-

The photo of the system is shown in Fig. 11. A high  kette are clearly seen, whereas those of mobile one
noise level from the CCD camera prohibited employ-
ment of small size SED filters. Also the camera focus-
ing and mean brightness adjustment turned out to be 7
very important for correct operation. The equipment
worked correctly (errorless detection and tracking of
objects) under most conditions: when the background
is relatively uniform and when the target does not ‘
move very fast in regard to the camera. Such condi- ﬁ]
tions are satisfied for example during aircraft tracking. L%

(@)

(b)

o Fig. 12. Edge images: (a) immobile object, (b) fast moving
Fig. 11. System photograph. object.
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that are perpendicular to movement direction disap-
peared. This effect caused the problems with track-
ing of fast moving objects; the tracking window con-
tained a part of the object only or even the target was
lost. The target movement caused another problem.
In a given TV field, the program scans a neighbour-
hood of the object position in the previous field.
When the object position shifts from frame to frame
the tracking window is delayed with regard to the ac-
tual target position. Some kind of movement predic-
tion (like Kalman filtering [7]) would solve this
problem.

On the other hand, when the object contrast was
low or the background was not uniform some back-
ground fragments had the edges that exceeded the
threshold. These points interfered with the object
points leading to the miscalculation of a window size
and to incorrect operation.

6. Conclusions

The presented system makes the target detection
and tracking possible in real time. Its application is
limited to objects on a relatively uniform back-
ground. Tracking objects with low contrast or partly
obscured objects require application of matched fil-
tering [8]. The 2D filter chips employed in the de-
vice may be readily cascaded to produce the filters
of a size 16 x 16, 32 X 32 or even greater. The sys-
tem was not designed for any specific application,
but it may be employed in many areas including
quality control, industry, military applications and
other. Only minor parameters and program adjust-
ments are necessary.
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