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In the current paper is presented a modify algorithm for object’sececdlculation
achieved from CMOS with resolution of 1024x768 pixels andits0digital output. Used
hardware is based on FPGA family SPARTAN Il by Xilinx capable of 1008§stEm
operation speed.

Object’s center calculation of digital image is wide used in mamasmnowadays. This
problem grows huge when there is a need for high data accuracy and calculaois $hort.
Contemporary state of programmable logic devices reveals many oppodubpitieeattime
data processing. At the same time there was made right choiceg@itiahs that are
embedded into programmable device.

In the paper are shown results from accuracy based on mathematical mgoadli
algorithm. In the same time algorithm implementation with VHDL and $RARII shows
great performance for frame center calculation by frame speed of. ZUnss speed in most
cases is high. For practice applications is used average value ¢ipladtames in valuable
working conditions of -Bs.

1. INTRODUCTION

Finding a particular object and computing the cowtés of its center is widely
used in many areas as localization, seismologyingquand qualifying of optical
systems, different production processes, etc. Thjecb might be either a physical
object or a light spot. The spot might be projeatedr a screen, which is observed
with a video sensor or projected directly over thaface of the sensor. The
independent systems for calculating object’s cewtanking in real time are the main
point of interest.

The functional diagram of one of those system&iasvd on fig.1. Its purpose is to
measure the absolute coordinates X and Y of thecolaind then they are equaled to
the relative coordinates X' and Y’ of the measursygtem. The object is observed
through a lens which focuses the stage over thécabpsensor and through a
predefined algorithm is calculated if there is @#peot and with what coordinates is it.
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2. SOLUTIONS OF THE PROBLEM

The strange thing in the computation of Xc and ¥that at the moment of reading
them from the sensor, there should be a calculatitre data belongs to the object,
and if they don’t belong then an array should ®®ineed in the memory with the size
of the image and in that array the data should tbeed and later, the needed

calculations to be done. There are two frequengdgdualgorithms for computation of
object’s center coordinates:

Algorithm 1: In this algorithm the threshold of séivity Eth is used.
Consecutive samples of the image are taken, andirdteelement with brightness
higher than Eth shows the existence of an objexd, this element is taken for the

center of the object. The result of the algoritttmdnedimensional array is shown on
fig. 2.
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Fig. 2. Result of the algorithm for ortémensional array

The first element with brightness higher than thoéd Eth which will be taken for
center of the object is Xcl, but the real centethefobject, as seen on fig. 2, is Xc2.
This algorithm is convenient when used in real trakulations and there is no need
to store the entire frame. A drawback is that ineccurate. Another inconvenience is
the fact that, there are production defective etf@ma the video sensor, which, when

scanned return a maximum brightness. The firstatigte element will lead to wrong
calculations of the coordinates.

Algorithm 2: In this algorithm the threshold of sdivity Eth is used again. The
computation of the center of the object involvektheé elements with brightness
higher than Eth. This algorithm is much more predisan the previous one but it
requires more calculations and is not suitableréat time environments. The whole
frame should be stored in memory. Then, Eth shbeldalculated for each element,
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the elements belonging to the object put asideadride end, the center of the object
and its brightness will be computed using the feiig formulas:

(1) i Ei > Ei p

where: Xc, Yc — coordinates of the object, Ecbrightness of the center of the
object, p— number of elements in the object.

The information from then sensor is transmittedas@ixel by pixel till the whole line
is scanned. Then the next line is scanned tilletne of the frame. In order to use this
algorithm in real time applications the informatifor one frame should be stored in
memory and in case of resolution of 1024 by 768aim@unt of memory will be 768
KB. During the sampling of the next frame, the dioates of the object should be
calculated and the calculations should be finistiédhe end of the sampling, and
during this time the next sample should be stonednother 768 KB. This leads to a
total of 1,5 MB of memory which is too much for abile device.

With the help of Mathcad, a mathematical analyzéhefmethod was made using
an image of laser spot (fig. 3) and the followiegults were determined:

Fig. 3. Image resolutiors08 x 245, Coordinates of the object: X = 147; Y = 127

This algorithm is the base of the algorithm forcoddting of coordinates in real
time applications. The average brightness of thelevimage from the previous frame

is used as a threshold.
k

> Ei

(2) Eth=1=L__
k

where: Eth — brightness threshold,-knumber of pixels in the image.

The decision for a given pixel if it belongs to thigiect is made with the following
inequality:
(3) E > Eth
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In the modified algorithm, at the moment of scagnaf the element a decision is
taken if it belongs to the object and if it confarto condition (3)Y XiEi and ) Ei are
calculated. At the end of each line of the frameeftiilowing formulas are used:

S’ XiEi S Ei
( 4) Xcmw = z=1n— Ecrow =l

> Ei "

i=l

where: Xg,w — center of the object for the corresponding linge E-brightness
of XCow, N—number of elements in the line conforming to (3)

At the end of the line, Xg, and Eg,, are stored in the corresponding elements
in two onedimensional arrays with a size equaled to the nurabknes in one frame
—1024. This method occupies only 2 KB of memory.

At the end of the frame the real center of the ahie computed using the data
from the arrays:

i ‘XvirowE irow i ZE Z‘raw z Eirow
6)) Xe=H—r— Ye= = Ec = 42!
Z Eirow Z EiVOW m
i=l

i=1

where: Xc, Yc— coordinates of the center of the object,-Horightness of the
center of the object, mnumber of stored elements in the array.

During the time of scanning the image, parallehi® algorithm for calculating the
coordinates of the center of the object, Eth isudated using (2), because Eth will be
used in the next frame. With this calculation amamdtion of algorithm towards
changes in the brightness of the stage is achiéueslalgorithm of work is shown on
fig. 4.

Fig. 4. The algorithm of work
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3. HARDWARE

A board was made, and for the calculations is UsSe@GA SPARTAN Il from
XILINX. SPARTAN Il is programmed via JTAG interfaand can be reprogrammed
while on the board. The hierarchy of the systeshswn on fig. 5. Software is written
in VHDL (Very High Integrated Circuit Hardware Degition Language).

Fig. 5. The Structure of the system
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