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Introduction obtained from three single Euler rotations: angle around z
(roll, R.,) next around y (yaw, R, ) and finally around x
Head pose determination represents an important area  (pitch, R, V)
of research in human computer interaction (HCI). There
are many researches in the area of estimation with
monocular vision [1]. Methods for head pose estimation )
can be classified into two main categories: model-based R, ,=|sing cosp O];
and face property-based. Model-based use 3D model of the 0 0 1
face and typically recover the face pose by first - A
establishing 2-3D features correspondences and then cos® 0 sin®

[cosp —sing 0

solving for the face pose using the conventional pose R, o= 0 1 0 | (D
estimation techniques. Property-based approaches assume —sin® 0 cos®

there exists a unique causal-effect relationship between 3D - N

face pose and certain properties of the facial image. Their 1 0 0

goal is to determine the relationship from a large number Ryy =10 cosy —siny |.

of training images with known 3D face poses. They use 0 siny cosy

neural networks to construct a mapping between 2D face
images and 3D face poses [2], but, it cannot work well for
previously unseen persons and backgrounds. Other
proposed to use eigenspace for face detection and head
pose estimation [3]. In summary, the property-based
methods are simpler, but less accurate; many require a cp-cO cp-sO-sy—sp-cy c-sO-cy+sp-sy
large number of training face image under different R=|5¢0-cO s¢-sO-sy+cp-cy sp-sO-cy—cp-sy|, (2)
orientations.

Model-based methods usually start with feature
detection, followed by matching 2D/3D corresponding
features and determining face pose using the matched  here “s” is sin ; “c” is cos.
features. Among all facial features, the most commonly Local reference point and 3D rotation center of head
used eyes, nose, mouth [4,5]. {X0,Y0Zy} centre is located between eyes. New local

In view this solution, we propose model-based  coordinate is recalculated from eyes coordinate (Z,=0):
method for estimation 3D head position. First, we created
head model, where 3D rotation centre is located between X, -X, Y, -,
eyes [Fig. 2]. Second, the algorithm for characteristic point Xo =X +VT s Yo=Y +rT . 3)
of face detection is discussed. Third, the algorithm of
detection of head rotation angles from the found points is
discussed.

Thus head 3D rotation matrixes R can be expressed:

—-sO cO-sy cO-cy

Head’s ground-start position is described by direction
angle G, which is parallel to camera optical axis (Fig. 1).
Coordinates are: {X,, Y,, Z,} — left eye, {X,, Yy Zpn} —
right eye and {X,, Y,. Z,! — nose. After rotation

Head has six degrees of freedom: three rotation characteristic points coordinates are {Xy, Yy, Zp}, {Xp Y,
angles (Fig. 1) and three linear shifts. In general, a head Zsfs (X Yf" Z- .
rotation may be characterized by three Euler angles: roll, _ Relation between ground-start position and final head
pitch and yaw (Fig. 1). Head 3D rotation matrixes R can be ~ POsition can be described by matrix R:

Head 3D pose estimation method
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here and forward x e (I — coordinate left eye, r —
coordinate right eye, n — coordinate nose).
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Fig. 1. The definition of three head rotation angles: roll, yaw,
pitch and camera position

After rotation we have shifting between head and
camera. Because of this reason we calculated head drift
coefficient d by equation:

2 2
d_\/(xpr_xpl) +(ypr_ypl)
= XE ,

here X— parameter, described in next section.

)

All coordinates are multiplied by d. Using obtained
parameter d we can rewrite (4) as:

X, -d| [X,-d
R-| Y, d|=|Y,d (©)
Z,.-d| |Z,-d

If coordinates define over vector v, = (Xyxd, Ypxd,
pr'd)T and , vi = (X -d, Yi -d, Zs -d)". Nine equations are
naturally formed, but we have eliminated equations with
final positions Z, Z;, Z; — deepness coordinates, which are
impossible to get from the final image. Equation (6) can be
rewritten as:

VO 5o - (i) _ ()

Vo " V2

()

SR D
&=2 Li " Vp —
j=1

3
2Ry
j=1
where i=1..3.

System of six equations can be solved using
minimization least squares method:
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E=Yel +Ye3. ®

After minimization least squares method (8) we
obtained three angles ¢, ®, y;, which characterized head
3D rotation.

Head model

To use our algorithm, we need to measure few face
parameters and to create head model. It’s start procedure of
our method.

We selected next parameters: Z and Y coordinate of
nose tip Z,, Y,, depth of eyes - Z, Z, (Z, = Z,) and
distance between eyes - Xz (Fig. 2).

There was analyzed about 300 different head pictures.
The needed parameters were evaluated statistically: Z,= 21
mm, Y,=41 mm, Z;,= 19.5 mm, Xz = 70 mm.

XX

Fig. 2. Location of characteristics points and centre of rotation
Face detection and tracking

The quality of image is important for good detection
and tracking. Our aim is create method which works with
usual web camera. We use PC web camera (possible
resolutions 240x120, 320x240, 640x480) and 24 bit color
depth. Next important criterion is good and smooth
lighting. Face should fill 60-90% of the view.

We used several methods to extract face and
characteristic points (eyes, nose, lips): extracting
characteristic face points from 2D image created by author
[6], detection by skin color [7] and OpenCV's rapid object
detection [8,9]. Fastest and best results showed OpenCV.
For object detection OpenCV require training with positive
and negative objects (eyes, nose) samples. OpenCV was
training with 1500 positive and 5000 negative sample.
Samples where collected from several database: positive
from “Color FERET”[10] and “Cohn—Kanade AU-Coded
Facial Expression Database”[11], negative - CorelDraw
PhotoCD. For better detection OpenCV was improved by
additional facial features [6]. Method’s summary accuracy
of eyes detection is about 94-96% (detecting pair of eyes),
nose about 94%. OpenCV is used as primary eyes and nose
coordinates detector. For continuously real time tracking
the normalized correlation method was used. If error
occurred during tracking by correlation the points detected
by OpenCV is repeated (Fig. 3).



Initialization face parameter:
depth, distance between eyes,
nose

v

Primary detection
based OpenCV and facial
features

-t

Displaying error:
Bad frame quality or face is out
of range

All points is
detected?

Tracking of eyes and nose
by normalized correlation

No

Yes

Calculation
coordinate of rotation center

v

Elimination head of linear
shift

v

Calculation
of head rotation angles

v

Displaying results

Fig. 3. Proposed head pose estimation algorithm using
characteristic points of face

Results

To evaluate our algorithm, we used characteristic
points coordinates generate by 3D head model. Finally
coordinates are corrupted by Gausian noise with standard
deviation 0.1, 0.5, 1.0 and 2.0. All rotation angles were
equal to 10 degrees, and camera resolution was 240x120,
480x240 and 640x480. The estimated orientations were
compared with calculated “ground-truth” orientation.
Experimental results are shown in Fig. 4
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Fig. 4. Accuracy of estimation head angle under different camera
resolution and noise level (o), where angles ¢ = 10°, ® = 10°, y
=10°
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In Fig. 5 angles estimation absolute errors versus
different rotations (Yaw, Pitch and Roll) are shown. If one
of angles is changed, others are set on 10 degrees. Noise
level 6=1, camera resolution 320x240. Remark that yaw
angle less 0 degree is more unstable — absolute error
approximately 1 degree, then above 0 degree absolute error
is approximately 0.4 degree. Pitch and roll is stable in all
range approximately 0.2 — 0.4 degree.
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Fig. 5. Angles estimation absolute error versus different
simultaneous rotations (other angle equal 10 degree) under noise
level =1, camera resolution 320x240 dpi

Often in HCI a roll of head is secondary angle. Only
two rotation angles are used: pitch and yaw. In Fig. 6 head
gaze direction angle error versus yaw and pitch rotations
under roll ¢=0° are shown

Direction angle error, degree

Yaw angle, degree

Fitch angle, degree

Fig. 6. 3D plot of the direction angle errors versus yaw and pitch
rotations, under roll = 0°, noise level ¢ = 1, camera resolution
320x240 dpi
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Model-based method for estimation 3D head position is proposed. We used monocular web camera (camera maximum resolution
640x480 dpi). First, we created head model, where 3D rotation center is located between eyes. Second, by method OpenCV
characteristic points of face are detected and continuous real time tracking was realized by normalized correlation. Rotation of head is
calculated using Euler rotation matrixes. Equation system is solved by minimization method. In result we got three angles ¢ (roll), ®
(yaw) and v (pitch), which characterized 3D head rotation The experimental results show sensitivity to image noise. If noise level with
standard deviation o=1 is added, the estimation errors are less than 1 degree, if 6=2 — less than 2 degrees (resolution 320x240 dpi). I11. 6,
bibl. 11 (in English; summaries in English, Russian and Lithuanian).

J. NepBunuc. OueHka YrjioB MOBOPOTA TOJIOBBI M0 XapaKTePHBIM TOYKAM JIMLA // DJIEKTPOHHKA M IJIEKTPOTEXHHKA. —
Kaynac: Texnonorus, 2006. — Ne 8(72). — C. 61-64.

Ipemnaraercst Meron oneHkd 3D mHONOXKEHHsS TOJIOBBI MOHOKYJISIPDHOH KaMepod (MakCHMalbHas paspeluaromas ClioCOOHOCTb
kamepsl 10 640x480 amu.). CHavana co3naéres MOJEb TOJIOBBI, Iie LEHTp BpameHus 3D unér mexny rnazamu. [lanee onpenenstorcs
XapakTepHble Touku Jjuna MerozoM OpenCV. HenpepbiBHOE OTCIIEXHBAaHUE TOYEK B PEabHOM BPEMEHH PEaIU3yeTCsl BBIUMCICHUEM
HOPMaJIM3MPOBaHHON KOppEJsLU. BpallieHue ToI0Bbl paCUMTaHO 10 MaTpUliaM BpalleHus Dinepa. B pesynbrate MOMyYarOTCs yTriIbl
3D BpamieHusi ronoBsl: ¢ (KpeH), @ (HakioH) U y (TaHrax). B pabGore ompeneneHa 4yBCTBUTENBFHOCTh METOAA K IIYMY: €CIHM K
KOOpIMHATaM 100aBJICH IIyM CO CTaHIAPTHBIM OTKJIOHEHHEM G=1, To omubKa He mpeBbImIaeT 1 rpagyca, eciu ¢ 6=2, — 10 2 TpagycoB
(mpu 320x240 paszperatonieid cnocoOHocTn Kamepsl). V. 6, 6ubx 11 (Ha aHMIHHACKOM s3bIKe; pedepaThl HA AHTIIMHACKOM, PYCCKOM H
JINTOBCKOM $13.).

D. Dervinis. Galvos posiikiy nustatymas pagal buidingus veido taskus // Elektronika ir elektrotechnika. — Kaunas: Technologija,
2006. — Nr. 8(72). — P. 61-64.

Aprasomas modeliu pagristas 3D galvos posiikio kampo nustatymo viena kamera budas (maksimali skiriamoji geba 640x480 dpi).
Pirmiausia sukuriamas galvos matematinis modelis, kur galvos 3D posiikio aSys eina per taska, esantj tarp akiy. OpenCV ir veido
budingy pozymiy radimo budais nustatomi reikalingi budingi taskai ir ju koordinatés. Toliau biidingi taskai sekami normalizuota
koreliacija. Galvos posikis apskai¢iuojamas naudojant Oilerio posiikio matricas. Sudaromos lyg€iy sistemos i§ pradiniy tasky
koordinaciy ir po galvos postikio gauty koordinaciy. Sistema sprendziama minimizavimo biidu. Gaunami trys galvos posikio kampai ¢
(kampinis nukrypimas), ® (posvyris) ir y (iSilginis pokrypis), kurie apibtdina galvos 3D posiiki. Atlikus eksperimentus nustatytas bido
atsparumas triukSmui: jei pridedamas triuk$mas, kurio standartinis nuokrypis 6=1, gaunami nuokrypiai, mazesnj uz 1 laipsnj, jei 6=2 —
mazesni nei 2 laipsniai (kameros skiriamoji geba 320x240 dpi). Il. 6, bibl. 11 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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