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Abstract

This paper presents a robust specialised architecture for real time tracking, using colour segmentation. Most of the
existing object-tracking algorithms extract the featundsch constitutehe object (usually called tokens), and track

them from one frame to another. We proposeewarchitecture to solve the tracking problem at object level. The

first step is the extraction of the object from the scene. The proposed architecture uses the discriminatory properties
of three colour attributes: Hue, Saturation and Intensity, in order to segment the object. The second step consists of
the computation of the centroid of the object by using the enhanced image from the segmentation module. As a last
step, tracking of this centroid is achieved in a sequence of images. The processor presented here can provide the
sequence of centroids at video rate.

Introduction

Tracking movingobjects ovettime is a complex problem in computer visiand hasbeen animportant research
subject overthe lastfew years[1], [2], [3]. Impressivetracking systems have been developed for some specific
applications [4], [5]. We assume, initiallfhat wejust want to track onebject inthe scene, but theraay beother
moving objectspresent in the scen8ome ofthe methods presented in the literature hasersmusmatchingproblem
in this case,and often mistake onebject foranother. In such a situation, when the movitgectshave different
colour properties fronthe object to betracked, oursystem doesiot suffer from the influence of otheobjects.
Kinematics-based algorithms may not work properly witerobjectsabruptly changéheir motionfrom one frame to
the next [6], [7]. Such situations can dhe to collisions osharp turns. On the other haridese algathms detect
motion in a sequence of frames, by extractiokenssuch as edges, cmrs, interest points, etc. [8], [9]. Methods
extractingtwo dimensional models mistal@bjectswhen there is a change in their 2-dimensional shape [10], [11].
This paper presentsreew systemwhich cancopewith the problems explainedbove for someapecial applications,
because we are not tracking tokens, bubthject(or, more accurately, the centroid of théeal). The basic condition
imposed by our method is to maintain the colour features of the object in a sequence of images.

In the first part of the paper, veescribethe general architecture of our trackipgpcessor. Different modules of
the systemand theirinterconnections are showmhen, adetailed description of each module is provided. Finally,
some results and experiments are presented.

General Overview

The simple architecture proposed takes advantage oflihistness of combining§aturation anéHue properties of the
object.Furthermore, the dynamiange of the camera is increased by performing the real time re-sicalihe RGB
channels as shown in [12].

First, a colour camera takes an imagegd itssampledRGB signalfeedsthe Colour Conversiormodule.RGB is a
widely known representation of colour which is not suitdbltecolour vision application®ur systemtransforms the
RGB signal into a known model: thdue, Saturation and tensity (HSI) model as shown in [13The Colour
Conversionmodule performs an HSkal time conversion as stated in equations (1)af@)(3) by means of three
Look Up Tables (LUTSs): one for Hue, another one for Saturation, and the last one for Intensity.
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Every conponent ofRGB is sampled into 8 bits. The 5 most significant kite takenfrom eachcompment,
generating a 15-bit bu$his bus isaddressing simultaneously the thB82Kb LUTSs, whichare programmed through
the system busising (1), (2)and(3) by means of apecific sofivare. As thd.UTs are programmed dynaaally, it is
possible to reconfigure them during execution, loading, for example, a different colour model as shown in [14].

The block diagram of the system is shown in Figure 1.
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Figure 1:Block Diagram of the System

Once theHSI conversiorhasbeen performedhe image can be thresholded by choosing the preferred minimum
and maximumvalues for HueSaturation andntensity, depending on theolour characteristics d¢he objectand the
illumination conditions of the scene. For the same compafgee Figure 2) wean define multiple intervals,
allowing to represent anbject by acertain number otolour attributesThis operation will be p&rmed in the
Colour Segmentatiomodule, which is inside tHePGA. The upperandlower limits of Hue, Saturation andintensity
are set up by means of a specific software running on the PC, and these values are multiplexed in the FPGA in order to
savel/O pins. Forevery pixel sampled in the A/D converter, we obtain Hse component. The timédor this
computation is equal to theccesdime to theHue LUT (approx. 50 ns). Thigsalue is passed tthe FPGA where it
will be compared to the minimum and maximum levels allowed for the Hue, and the comparator will generate a signal
indicating whether or not this value is in-between the limits. The same idea applies for Saturation and Intensity.

All the circuitry in theFPGA hasbeen developedsing parameterisedHDL descriptions. In thisvay, future
improvements of the system can be easily performed; such as increasing the number of objects to track.

We will definethe regionRas the set of pixels whidire part of th@bject inthe segmented imagé&his image is
used to computéhe centroid of thebject to beracked. Thecomputation is performed itwo independent phases,
which can be pipelined: a first stagdere the data from the thresholded image is acqaineihccunulated Pre-
detectionmodule), and a second one which actually computes the centroid of the object.

The pre-detectioconsists of accumulisiig the x-coordinate forall the pixels in the image which afgart of the
regionR. The same idea is applied to teoordinate, as well as countitige number of pixels in this region. So
x:(R) is given by (4) and (5), that is
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whereA(R) is the aredor the regionR (the number of pixels in this region). Thabustness irthe computation of

x(R) andy(R) is achieved because @)d(5) are actally working as noise filtershis computation is carriegut by

the PC microprocessor because the hardware implementation of a divisor requires too much space in the FPGA.
Once the coordinates for the centroid of regbhave been found, this centroid can be expressed as (6).

c(R=(x.(R.Y.(R) (®)

Figure 2 shows the block diagram of the internal structure of the FPGA.
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Figure 2:Internal Structure of the FPGA

So, the processor is organised in a two stage pipeline. The first stage is dedicated to the acquisition of data from the
scene. Whilehis data is being acquirexhd accumulated for framk ( ZX, Z v, A(R)), the seond stage is
(x,yY)UR (x,y)UR

processing previoudata from framek-1. In thisway, newdatamay be acquired whiléhe previousdata isbeing
processed. This allows the processor to comp(te) at video rate.

The time available tcomputethe centroid of th@bject inone scene is a whole frame period (20 mthaCCIR
standard)because ofhe pipeline. It meanthat thecentroid of the framé will be obtained 20 ms late6Go, the
tracking is performed with delay of oneframe. Thiscompares to systemssing a frame-grabber, which normally
have to wait fothe acquisition of the frame intoemory beforestarting toprocesst. This means thabur processor
has already pre-processed the image while normal frame-grabbers are still storing.

Eventually, a sequence of centroids is providethieymicroprocessor imeal time in order to track thabject in a
2-dimensional approach, and the marked object is displayed on a monitor.

Experiments and Results

Two experiments have beearried out. In the first test wesed a video sequence of motorbikes iairauit where
different characteristics of visually similar colours were present. We couldttaspof them although thgerspective
andform of bikesandpilots changed. In the second experiment we tracked a pairtieite robot.This mobile robot
was painted in two colours: one for the front artl anothefor the back. The centroid of eachlour was computed,
obtaining the direction vector of the vehicle.

The only condtion imposed in our experimentstige difference inthe colour properties betwedhe object to be
trackedand the otheobjectsand thebackground, respectively. Althoughis conditionmay look too restrictive,
experiencehasshownthat very few objecthave the samelue and thesameSaturationin thetested images. Tests
with the Intensityproperty showethat it istoo susceptible tbghting conditionsandonly in a veryfew cases it can
help in the segmentation process.



Conclusions

We have briefly presentdtkere a simple but robust architecture, whalbwsthe 2-dimensional tracking of asbject
even wherthere are other movingpjects inthe same scene. Tlegstem is robustnough to keeprack of bothrigid
and non-rigidobjects even ithere are changes in th@erspective. As far as wage not usingny heuristics we are
not affected by brusquehanges in the motion and/occlusions as in kinematics-based systes. approachust
computeghe centroid of th@bject, whileother approaches like in thieken-basedracking,everytoken (feature) is
characterised by its position and orientation [15]. The orientation will nptdwéded by our system, but, ¢ime other
hand, weneed less computation to determithe position.Moreover,tracking isachieved withouthe need of a
memory for storing and scanning the image, saving time and costs.

Further Work

This system can easily be extended due to its scalar architectitewl totrack morethanone movingobject in the
scene byadding more comparatoamdaccumulators tthe FPGA. The two-stage pipeline leaves enoutyne for the
computation of multiple centroidéccuracy ofthe colour segmentation module will be improved by increasing the
number of bits for the HSI conversion from 5 to 7/8 geannel. A scond prototype ibeing developed werthe divi-
sions from equations (4nd (5) are peiormed inthe FPGA, instead of passintpe values to be divided over the
system bus to the CPU. The use of parameterised VHDL descriptions helps to rapid testing and prototyping.

Future research work will extend to multiple camera configurations in order to edeatbtinformation. Our real
time tracking processor could then be used in a wide range of applications, sb@cagasping byassembly robots,
visual feedback for automated navigation, etc.
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