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ABSTRCT

Many application In human compuler mteraction (HCI) require trackmg a hwmnan

face and [acial features. In this paper we propose efficient parallel processing

system for face lracking under helerogeneous networked workstations, To track a

face in the wideo mmage we use tlhe skin color information and connecled

componenls In terms of parallelism we choose the master-slave model which has

thread for each processes, master and slaves, The threads are responsible for real

compulalion in each process. By placing the queues between lhe threads we give

flemamlity of dala owing

1. Introduction

Increasing needs for automated Interaction

between human and computer have motivaled

rmany researches 1o develop automatic face
recognition system which are being used widely
many apphcations. Although a lot of work has
already been done in tlus research field, exiraction
of facial regions and featurcs out of complex
scenes s stll a problem [1, 2] Futhermore, heavy
computational burden which iz mherent in those
schemes makes 1t moere difficult to develop the
them Therefore. the goal of our work 15 1o
develop mere efficient. face tracking system thal is
able 1o track the face and facial features within a
few seconds Choong Hwan Lee elc suggested
task-level parallel face recogmion system under
pipelined multicomputer [3] And Hasegawa clc

also proposed module-based real-time  parallel

facial 1mage recognition system [4] In  the
nelworked workslation environments, inlerprocess
communication 15 a critical faclor of performance.

Therefore, we propose a new parailel [ace tracking
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system minimizing the communications based on
dala decomposilion

2. Face Localization

Many different approaches {or face localization
are published in the literature using texture, depth,
shape and color informalion or combinatons of
them However, the detection of facial regions oul
wilh

of scenes complex  background 15 sull

problem

2.1 Color Segmentation

The segmentation of [aces oul of complex
scenes can be done robustly on the basis of color
wformation 1] As interesting  color

and shape

space we consider the Hue-Saturalion-Value
{HSV) color space, because 1t 1s very simular o
human perception ol colors, For the segmentation
of skin-like regions it is sufficient fo consider hue
These domamns can be

as color arttributes.

estimated a prion and used subsequently as

relerence for any skin color. In our case we have



1998V % §HR) 1w 953 7pe

et gi=Ea Vol 25, No. 2

Fig 1. Face segmentation
ta) original 1nage,

tb} shin color segmentation

{c} connected components

chosen the paramelers as [ollows' Hpa=50" and
Huwn=0". An cxample of such a segmenlalion is
shown m Fig 1 {a},(h)

2.2 Connected componeni analysis

Because the face 15 more or less a connected
with
component analysis on the segmented image. We

region skin color, we perform connected
determine rconnected components by applying a
region growing algorthm at a coarse resclution of
the segmented image Connectrvity is determined
on the base of the 4-pixel neghbourhood. As you
can see in Fig. 1(c), we gel nd of isolated falsely
detected pixels m the background by this step. We
obtain one large connected area for Lhe [ace.
Several small connected components are found in
the background Based on shape information a

further reduction of candidate region 1s done.
3. Parallel Face Tracking System

3.1 Overview
In section 2, we describe the face localization
1he

processing in order 1o reduce the processing time

algerithm  Now, we consider parallel

of the proposed face tracking system To support
this processing under networked workstations we
The
responsibie for the conirols of the system. At lhe

selected  master-slave  model master 1§
begmning 1t gets Lhe mage from the CCD camera,
spawns child processes, divides and sends the job
fo slaves, collects the processed data from the

slaves and analyzes those results. Each slave
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Fig. 2 Master-slave madel for parallel lace
lracking svstem

performs lhe same Jobs to the different image
assigned by the master. For belter performance a
slave have three threads One 1s for receiving the
data, color thresholding and labeling, another is for
combiming the labels with the adjacent slaves, the
other 1s lor finding the facial features and sending
The af
masler—slave model i= shown in Fig 2.

to master Lhese, cantrol  striucture

3.2 Communication between threads in
slaves

When the first thread sends the intermediate
data to others there is a lost of the data 1f they
are still deabng with last image data. To provent
the problem, we place the guenss belween threads.
As socn as frmshimg the processing the threads
take out the next mage from the queue. If the
the [irst thread
master wail until the queue is available.

quene 1s  full, wfcrms 1o the

3.3 Parallel Labeling

Felipe Enop and Vemon Rego suggested
parallel 3-D cluster labelng algonthm based on
mapping Lables, distributed mMemary
environmenls [5]. The hasic behind  the

parallel algenthm is as [ollows, Fust, the image

for

idea

M 15 divided row-wise into n strips, where n is
the number of processors - slaves - used, Next,
each processor nms the seguential algorithm on
ils strip The simple approach will lead to an

Incorrect iabehng, since actual clusters can and
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Prag i
lasl row

Proc+1
Irst row

g, 3. Example of mapping tahle.

will tend to span more than one strip. therefore, it
should be clear thal processors - salves -~ will
bave to comununicate with one another to resclve
problems with cluster lahels on large clusiers. One
altarnative 13 for  cach
numbered 2f+1
2(i=0,1,.../2),

clusters 1 both stnps. This procedure may be

relabeling Processor

to send its strip to  processor

allowing Lhe latter tw relabel

repeated  logen  times, using  tree  combining, te
vield a correctly labeled umage M For combining
the labels, each processors transmil only
strip-boundary information, instead of an entire
stnp Process 1 ships its houndary to processor
-1, and the latter uses this nformation to buwld a
mapping lable, as shown in Fig. 3. Usig ths
mapping table, process i+l relabels all its clusters.
Unfertunalely, perlormmg relabeling based solely
on information oblained from- processors ¢ and 11
will not suffice in generating a correcl labehng
This problem 1s Mustrated i Fig. 4. Here, 1t 1s
only after gathering information from processors .
j, k and 7 that we [ind that clusters 1 and iz (for
example} are actually part ol the same claster. To
oblamn an accurate mapmng lable we need to

examine all the processors

Proc i

Proc j

Proc k

Proc |1

g 4 Example of cluster that spans over

many proceEssors

4. Conclusion and Future work

that the
hardwarc speed 1s going up ceontinuously, but 1t is

It  seems clear moprovement  of
comung close to the peak. So, the develaping of

the parallel algonthm under networked
workstations environment 15 helpful study.
We

master-slave model

design the  parallel svstem with
in addition to threads with
guetes. By dividing the input unage we reduced
the amount of commumcation between  master
and slaves. Threads executing concurrently in a
reduce  computation  time.

Process Among  the

slaves they are combined by tree-combining
scheme I also wnprove the performance.

Even though we suggested a efficient way to
track a face in video image, there are problams
remained [or example, synchronization between
lhreads, load balancmg problems. and overheads

due to the commurications between processors.
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