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1 Introduction

The full face detection and gendar recosnthion system de-
scnibed here 15 made up of a senes of components con-
nected m both senal and parallel, as illustrated m Figure 2.
The successme stages are explamed m detzil m the bedy
of this report.

2 Colour-based segmentation

The first step m thiz face detection alzornthm i that of
colour segmentation. The goal 15 to remove the max-

mpn number of non-face pixels from the 1mares m or-

der to narrow the focus to the remaming predomumanth
skmn-colowured regions.

2.1 Colour space selection

The first step m performune colour-based ssgmentahon
15 choosing an appropriate colour space m which to op-
arate from the wide vanety of choices such as RGE,
HSV, CAMYE, YCbCr, ate [1]. Of these, RGE (red-green-
blue) and HSV (Ime-satoration-value) have been the most
widaly uzad. Figure 1 illustrates the seometnes of the two
spaces.

Bv way of exampls, HSV representation has certam ad-
vantages over RGE when it comes to face defechon. As
Garcia et al [2] note, skan colours are sanaitrve to the hight-
mg condition. In the RGEB space, each of the three com-
ponents may exhibit substanhial vanabion under different
highting emvironments. In HSV space, however, the huoe
and saturation components are virtually unchanged.

Fizure 3 shows the histosrams of BGE component val-
ues of both face and non-face pixels over all seven traming
mput mnages. Srmlarly, Fisure 4 shows the histoerams of
the same 1magzes m HSV zpace, where the § component
and mn parhcular the H component are well-clustered for
face-pmxels, while H and 5 are spread over a2 wide range
for the remainder of the 1mage This observation favours
using an HSV eolour space if only a simple thresholding

colour segmentation 1= desired.
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Fizure 1: The RGE and HSV colour models.
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Fizure 2: The face detachion system schamatic.




The zame 1= true of the YCbCr colour-space, but the
clusterms does not quuite as readily lend itzelf to projection
onfo the amal dimensions, and hence requires a somewhat
more complicated 21D baziz for sepmentation

Mamial seementations of this type suffer az a conse-
guence of apprommating a complex bounding rezion us-
mg simple geometnic relations. Grren that the unknown
mages were faken m smmlar hehfing and with zimmlar
aquipment to the framins 1marges, a probabihity-bazad zas-
mentzhion may be used.

In thiz case, the choice of spahal domam 1= not 25 =ip-
nificant. However, the fundamental charactenstics of a
colour space can complicate processing — for example,
the non-Cartesian nature of the HSV colour cone mdicates
that non-umiform quantrahion may be appropriate.

2.2 Probability-bazed classification

Due to the laree nomber of prxels 1 the traming 1mages,
there 1z encugh data to create a reasonable sstimate of the
underbying probabihty density fumchons for both face and
non-face skon colours. Lat
falxX e ®)

be the colour space probabihity denzity fimetion for 2 pixal
vector X mnthe sat of face pixels O the vector components
X represent the colour components — B, (Gand B 1n thas
case. oamularky, let

SrlxlX ¢ @)

be the probability density fimechion for non-face skan pix-
als. These two denasity funchons can be estimated from
the ampmical distnbubion of the pixels m the fraimng m-
ages.

Comverzaly, let the probability that a grven colour pixal
1= part of 2 face be

XX =x1).
The Bayezian formula [3] grves
B rE(X e DX =x)

Px(X ¢ BX =3)

S(xXgd) ma
where Ts, and Tz are the pnor probabilibes of 2 andomly-
selected pixel falling m a face or the backeround, respec-
tively. Without further information, the ratio of "'T can be
astimated from the ratio of the total number -::-fﬁ:epl:-;eIE
to the total mumber of non-face pixeals.

For comvenience, Equation 1 may be reformulated as
(X e PX =x)
rx(Xg OX=x)

Jx(x|X e @) 1-.':-
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leceR = log

If the prior mformation 1= known, the classification rule
would normally be:

Xcd
Xgo

However, the pnior mformation 15 not necessanhy avail-
able; comversely, i many situations 1t 15 desirable to ad-
Just the classihcation threshold Ry, For example, smee 1
this appreach colour-based sesmentation 15 used for sub-
sequent face detechon, it 1= desirable to bias towards ms-
clazzifyme a non-face potel as a face pixel rather than the
reverse. Consideration of these factors vields the follow-
mg classheahon rule

R=FRy=1islogR > logR =0
otherwize.

Sx(x|X e @)

Xch log +a=0
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Xgd otherwnsze, (3
where -
—leg " _logR, ()
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1z the undecided parameter to be chozen.

A range of values for 0 for maee pixel claszification n
both EGE and HSV space were evaluated. the results of
which are shown i Figure 3. The total classtheation error
1= composed of false positrre arror {mus-clazafyms non-
face pmxels a= face pixels) and fake negatrve error (mis-
claszafyne face poels as non-face pxels).

The two mub-Agures are quute simular. The falzs nesa-
trve arror mereases with 4, while false positive amror de-
creasss with mcreasing 0. The total error reaches mum-
mum at O = 3. This optimal value of a 13 supported by
the cbservahon that, over all 7 fraiming 1mages, the raho
c-ftbetnﬁlnumh-arnfﬁcepix&htn non-face pixels =
roughly ]-::-E =—2.T1.

Eecauseﬁmcnlc-ur bazad sesmentation 1= uﬂl]. the first
step 1n the larzer face deta::t-:-nal*__r-:-nﬂ:m:l._, 1t 12 bast fo re-
tamn as many face pixels as possible, mummizing false negs-
atrve error (even at the cost of meluding addihional non-
face pixels), leading to the chosen value of @ == 2.

Although the performance differences befwesan RGEB
and HEV colowur space are quite small, EGE 15 nonethe-
lezs supenor [3], and that was the colour space chosen for
this alzonthm.

In practice an empincal histogram derrved from man-
uzl mage segmentation 15 somewhat noizy. As Fizura 6
shows, 1t has rough edees and 1zo0lated bins that are not
hikely faatures of the true distnbution. In addibon, prxel
value nolze m unknown Images may cause margmal pix-
els to “skap” out of the histosram bin m which they should
fall — abrupt discontinurties n the estmated lnstogram
will exacerbats this problam.

The solution 1z to filter the empincal histosram to
smooth out the transients locally, but withowt losmg the




