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Abstract—The paper proposes a method for face recognition,
which uses a 3D model of the head, which is turned at different
angles to extend the size of the training set. Control points are
placed on the images, which have been created using the 3D
model of the head, and the distance ratios between the control
points are stored in the database. Face recognition algorithm
would look for two images of faces in the data base which have
minimal difference between the turn angles of the head and the
distance ratios.
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. INTRODUCTION

Face recognition is widely used in image recognition
theory. For example, identification of a person by the image of
his face can be used in identification control systems
(passport, driving license), information security (access to
computers, databases, etc.), observation and investigation of
criminal events, as well as in banking (ATM, remote account
management).

There are many face recognition methods, for example,
principal component analysis (PCA) [1], [2]. This has become
known as the eigenface algorithm and is now a golden
standard in face recognition. But it has a significant problem —
certain conditions are required, like proper lighting, neutral
face expression, absence of beard and glasses.

Another example of 2D face recognition — method of
Viola-Jones [3], [4], [5] works well with images of faces
turned by less than 30° away from the camera, but unfortunately
is useless for images of faces rotated by arbitrary angle.

There is also significant number of papers on the
identification of people by portrait photos [6], [7], [8], [9],
[10]. In this case, the term “photograph” means a digital image
of a full face without elements of clothing, jewellery,
sunglasses, etc., which may cover or distort the face.

Furthermore, all the 2D (image-based) face recognition
methods are sensitive to illumination conditions, head
orientation, facial expression and makeup. Also many of the
existing 2D face recognition algorithms could not be used to
identify a face, because the input information about the shape
of the face consists of minimal training sample — an image of
a full face, a profile and a half-turn. Creating a three-
dimensional model of a face based on the input images allows
rotation of the model at different angles, thus increasing the
training sample, which allows to retrieve missing information
about the shape of the face, which later could be used for
further analysis which could increase the precision of face
recognition.
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Therefore, in our previous works [11] and [12] we have
described an approach for creating a polygonal 3D model of a
head (Fig. 1), constructed by using the three base images
(profile, front, half-turn). This method adapts the 3D model of
a head by using manually placed control points in several
projections and places texture on the adapted model.

Base images

- /' 3D model of a head

Fig. 1. Approach for creation of polygonal 3D model of a head.
In this paper, we propose a method for using the mentioned
polygonal 3D model in the face recognition algorithm.

I1. PROPOSED METHOD
A block diagram of the face recognition algorithm is shown

in Fig. 2.

Place control points
on the images

¥

Create the 3D model of the head

¥

Extend the size of the training set

¥

Place control points
on the new images

Search for two images from the
extended training set of two different
classes, that have the most similar
turn angle with the examinational
image

Classify the examinational object

Fig. 2. Block diagram of the proposed face recognition algorithm.
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The proposed method consists of several steps:

a) creating the 3D model of a head by using three base
images;

b) extending the size of the training set by generating new
2D images of a face, that are based on the created 3D
model;

c) searching for two images from the extended training set
of two different classes, that have the most similar turn
angle with the examinational image;

d) determining the examinational object’s “closest
neighbor” among the two images (classification of the
examinational object).

A. Creating a 3D Model of a Head

For creating a 3D model of a head we used 6 base
photographic images (Fig. 3) of two similarly looking people
(3 photos of each person: front, half-turn and profile) as input
data (training set)

Fig. 3. Training set which consists of two classes: a) first class, b) second class.

For testing the face recognition algorithm results we used
8 photographic images of two people as examinational
training set (see Fig. 4).

Fig. 4. Examinational training set which consists of two classes:
a) first class; b) second class.

The difference from the approach described in [11], [12] is
that we propose to use a different method for acquiring and
processing the face texture, consequently removing the
unnecessary details (hair and beard). A block diagram of the
new approach of processing image texture is shown in Fig. 5.

C Begin >
v

Place control points on
full face and profile
photographic images
[

l

Profile image

Full face image
The rest of the image is colored
using the average color value,
leaving the T-zone contains
eyebrows, eyes, nose and lips
[ ]

!

Smooth regions from images by
using the Gaussian filter

'
( End >

Fig. 5. Block diagram of the proposed method for processing the face texture.

The rest of the image is colored
using the average color value,
leaving only the ear zone

Texture processing algorithm.

1)We first processed the base frontal and profile
photographic images (See Fig. 6 a), b)). We only needed
information about the part of the face containing
eyebrows, eyes, nose and lips — T-zone, the rest of the
image was colored using the average color value, as in
(1), which was obtained in the nostril area (Fig. 6 c), d)).

1
|(X,Y):§[|(peyp7)+|(p71p7)+|(p7aps)]: 1)
where 1(x, y) is current pixel intensity and pe, p7, ps is
control point number.

2) Furthermore, the image acquired by such pre—processing
was smoothed by using the Gaussian filter [13], as in (2).

—(u2+v2)

e 262 , (2)

G(u,v) =
2n2

where

G(u, V) Gaussian distribution;

o standard deviation of distribution;

u?+v2=r2 smoothing radius.

3) Analogical processing was used for the base profile
photographic image (leaving only the ear zone and using
the previous average color value as base color for the rest
of the image). After such processing, we obtained the
final face texture (Fig. 6 e), f)).
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Fig. 6. a) Original frontal image of a face. b) Original profile image of a face.
c) Frontal image of a face containing the T-zone after coloring with average
color value. d) Profile image of a face containing ear zone after coloring with
average color value. e) and f) Resulting images after using Gaussian filter.

Final images of the resulting 3D models of the head are
shown in Fig. 7.

b)

4] d)

a)

Fig. 7. a) and c) Base images. b), d) Acquired 3D models.

Thereafter, we used such modified polygonal model for the
face recognition tasks.

The next step was calculating the distances between some
of the control points from the original 3D model, as in (3),
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using Euclidean distance [14] and Ax values as the maximal
value of width for each image of the face.

d= \/(Xz _X1)2 + (Y2 - Y1)2 ' ©)

where
d distance between control points;
X1, X2, Y1, Y2 control point coordinates.

For example, we can say, that maximal value of width in
Fig. 8 c) is between the two points — point 0 and 1, similarly
we can find values for the profile and half—turn images.

The ratio of the distances between the control points was
calculated for each photographical image, as in (4)

d
Dratio=—
Ratio XX, ) (4)
where d is Euclidean distance and Ax = X2 — X1 is the maximal
value of width for each image of the face.

Therefore, the ratio of the distance between the control
points was saved in the database as a training sample (Fig. 8.)
for face recognition tasks.

Fig. 8. Ratio of the distance between the control points of a) profile image of
the face, b) half-turn image of the face and c) full face image of the face.
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B. Extending the Size of the Training Set by Generating New
2D Images of a Face

The 3D polygonal model was then rotated at different
angles (20° and 50°) to extend the size of the training set with
two new 2D images of faces.

We processed every image in the training sample by placing
special control points (Fig. 9) which were used as main
features during face recognition process and calculating ratios
for new images.

' | '

Fig. 9. Images with control points obtained by rotating the 3D model by
20 and 50 degrees.

C. Searching for Two Similar Images in the Database

To perform the third step and to detect the head position on
the image, control points were manually placed on the
examinational image.

The next step was calculation of ratios between the control
points.

Depending on the position of control points, it was possible
to determine the orientation of the head. If it was determined
that the image shows a turned head and not a profile or full
face, the head turn angle was calculated separately.

Block diagram of the head position detection is shown in
Fig. 10.

Place control points on
full face, half turn and
profile photographic

1mages
YE
If (a>2) and (b>2)
NO

Calculate distances between
control points

If [dy-dy|<T

Half turn
image

Full face
1mage Calculate
rotation
Profile image angle

End

Fig. 10. Block diagram of the head position detection.

Using the control points in Fig. 11 we were able to
determine the position of the head, as well as the angle of
head’s rotation (for half-turn images).

For example, we were calculating distance d; between
points 2 and 4, distance d» between points 3 and 5 using
Euclidean distance, like in (3) and a value between points
0 and 1, and b value between points 2 and 3.

Fig. 11. Placed control points to detect head position for a) profile,
b) half-turn image and c) full face image.
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Using the control points we were able to calculate the angle The use of the extended training sample (5 images) allowed
of the head’s rotation. to obtain 6 correct recognitions out of 8 images (see Fig. 5).

For example, in Fig. 12 a triangle was created using the  The use of the basic training sample (3 images) provided only
placed control points. By calculating the angles of it we were 5 correct answers out of 8.
able to obtain the angle of the head’s rotation.

Head position calculation algorithm. Head position: Head position:
1) Use the control point coordinates to calculate the edges half-turn profile

of the triangle. Person Nr. 1 | Person Nr. 1
2) When the length of the edges is known calculate the Identification Identification

angles of the triangle (the cosine rule) [15]. is correct is correct

3) If the face is turned left then the angle is calculated as in

(5) or as in (6) [16] Head position: Head position:
half-turn profile
ZACB —-62.75
= T (5) Person Nr. 2 Person N1. 1
' Identification | Identification
is incorrect | is incorrect
=0 ©
: Head position: Head position:
where y, B is head rotation angle and ACB and CBA are full face half-turn
angles calculated using the Cosine rule. EersonNE: 2 Eetson g 2
Identification | Identification

is correct is correct

Head position: Head position:

half-turn half-turn
| Person Nr. 1 Person Nr. 2
Identification Identification

is correct is incorrect

Fig. 13. Face recognition results using the original training set.

Head position:
half-turn

Person Nr. 1

Head position:
profile

| Person Nr. 1

Identification
is correct

Identification
is correct

Fig. 12. Triangle created using the placed control points.

4) Show the result — head rotation angle.

D. Classification of the Examinational Object Head position: Head position:
.. . half-turn profile
To perform the fourth step, the face recognition algorithm
Person Nr. 2 Person Nr. 1

looked for two images of faces in the data base which had
minimal difference between the turn angles of the head with
the examinational image and one of the two “closest
neighbors” was chosen which had minimal difference in

Identification 2 Identification
is correct ’ is incorrect

; . . e Head position: Head position:
distance ratios between the control points, thus classifying full face half-turn
(recognizing) the examinational object. Person Nr. 2 Person Nr. 2

Identification | Identification

I1l. EXPERIMENTS is correct is correct

For the classification we used 8 additional photographic

images of faces turned by an arbitrary angle (examinational Head position: Head position:
sample). At first we used the base training set which contained alCiu nalftuyn

3 images (full face, half-turn, and profile) see the results of the | Person Nr. 1 Person Nr. 2
algorithm in Fig. 13. Secondly, we used the extended training Identification Identification

set which contained 5 images of the face. See the result of the Ig carrect is incorrect,

algorithm in Fig. 14.

Fig. 14. Face recognition using the extended training set.
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IV. CONCLUSION

The proposed method of face recognition using of the
extended training sample provides higher reliability of face
recognition as compared to using only the base training
sample. It should be noted, that the efficiency of the proposed
method can be increased by additionally extending the training
sample (including the new images obtained by rotating the
3D model).

In the future work it is planned to automate the placement
of control points on the images of faces that are created by
turning the 3D model of a head at different angles.

It is also planned to increase the amount of classes (new
faces) in the data base to test the algorithm.
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Olga Krutikova, Aleksandrs Glazs. Sejas 3D modela pielieto$ana apmacibas izlases palielinaganai seju atpazi¥anas uzdevumos

Cilveka sejas atpaziSana ir aktuals uzdevums dazadas sferas (kriminalistika, apsardzes sistémas un videonovéroSanas sistémas u.c.). EsoSajiem 2D seju
atpaziSanas algoritmiem ir neatrisinatas problémas, Tpasi gadijumos, kad tiek klasificétas lidzigas sejas.

Saja raksta tiek apliikota pusautomatiska metode, kura lauj atpazit lidzigas sejas. Piedavataja metodé tika veidots galvas trisdimensiju modelis, balstoties uz
minimalo ieejas attélu skaitu (sanskats, pretskats un puspagrieziena attéls). Uz katra att€la tika izvietoti kontrolpunkti. legiitais modelis tika pagriezts par 20 un
50 gradiem, un ieghti papildus sejas attéli, kas deva iesp&ju palielinat apmacoSu izlasi ar jaunu informaciju par sejas formu. Uz attéliem, kuri tika iegti,
izmantojot 3D modeli, arT tika izvietoti kontrolpunkti. AtpaziSanas procediira sastav&ja no diviem posmiem: 1) galvas pozicijas noteikSana un 2) “tuvaka
kaimina” mekléSana datubaze atkariba no galvas pagrieziena lenka un kontrolpunktu attdluma attiecibas. Piedavato metodi test€ja ar astoniem att€liem, kuri
ieklava sevi divu cilvéku sejas. Ka paradija eksperimenta rezultati, pielietojot paplasinatu apmacibas izlasi, piedavata metode spgj sekmigi paveikt uzdevumu un
pareizi atpazit 6 sejas no 8 eksperimentiem, bet gadijuma, kad tika pielietota minimala apmacibas izlase, tad pareizu rezultatu skaits bija tikai 5 no
8 eksperimentiem. No Siem rezultatiem var secinat par paplasinatas apmacibas izlases pielietosanas efektivitati. Sis metodes galvena prieksrociba, ka ta neprasa
dargu aparatiiru, lai adaptétu sejas trisdimensiju modeli, ka arT dod iesp&ju paplasinat apmacibas izlasi ar papildinformaciju par sejas formu.

Oubra KpyrukoBa, Anexcanap I'ina3. Ilpumenenne 3D moenu JiMna 1151 yBeJinueHusi 00beMa o0yyaiouieii BHIGOPKH B 32/1a4aX paclo3HABaHUS JIMIL.
PacrniosHaBaHne JMI[ SBISETCS aKTyaJdbHOW 3ajadeil BO MHOTHMX cdepax (KPUMHHAIHCTHKA, OXPAaHHBIE CHCTEMbI M CHCTEMBI BH/ICOHAOMIONCHMS U T.X.).
V cymectBytoiux 2D aaropuTMoB pacro3HaBaHUs JIMIL €CTh HEPEIICHHBIE TPOOIEMBI, 0COOCHHO B CIy4asix, KOT/ia KJIACCH(PUIUPYIOTCS IIOX0XKHUE JNLIA.

B nanHOIl cTaThe mpesIaraeTcst MOMyaBTOMATHYECKMH METOJ, KOTOPBIH MO3BOJAECT PAclo3HaBaTh MOXOXKHE JUNA. B NpemnoxeHHOM MeToie co3jiaBaach
TpeXMepHasi MOJIENb TOJIOBBI T0 MUHUMAIbHOMY KOJIMYECTBY HCXOAHBIX H300paxkeHHil. Ha kaxkaoM H300pa)keHHH pacCTaBIUICh KOHTPOJIBHBIE TOUKH. Mozens
Obu1a moBepHyTa Ha 20 1 50 rpasycoB, U MOITYYEHBI AOMOIHUTENbHBIE H300paKEHHS JIUIIA, YTO MO3BOJIMIIO YBEITUUUTE 00beM 00ydaromeld BBIOOPKH ¢ MOMOIIBI0
HOBOI mH(opMammu o dopme nmma. Ha m300pakeHMsIX, MOTYyYEHHBIX ¢ HOMOIIbI0 3D MopenH, Takke paccTaBiSsLINCH KOHTpoJbHBIE Toukd. [Iporemypa
pacro3HaBaHHs COCTOsUIA U3 JIBYX JTalloB: 1) ompeeieHre MO3MIMU TOJOBBI U 2) MOMCK «OiDKaimiero cocena» B 6a3e NaHHBIX B 3aBHCHMOCTH OT yIiia
[IOBOPOTA TOJIOBBI M OTHOIICHHS PACCTOSIHHI MEX/y KOHTPOJIBHBIMH TOYKaMH.

IIpeanoXeHHBI METOJ TECTHPOBAICS HAa BOCBMH H300paXCHHSX, KOTOpble BKIOYaIM B ce0s auma [BYyX 4YeloBeK. Kak IOKa3bIBAaIOT pe3yibTaThl
9KCIIEPHMEHTOB, IPHMEHSISI PAaCIIMPEHHYIO 00YJarONIyI0 BEIOOPKY, MPEIOKEHHBIH METOJ] CMOT YCIIEITHO CIPABHUTHCS ¢ 3aa4eil M NPaBUIILHO PacIo3HaTh 6 JINIL
u3 8 9KCHEPHMEHTOB, a B ClIydae Koraa ObUta IpUMeHeHa MUHIMalbHas 00ydaroliasi BEIOOPKa, TOr/Ia KOJIMYECTBO MPABUIBHBIX PE3YJIbTATOB OBIIO TOIBKO 5 U3
8 KCIIEPUMEHTOB. DTH Pe3yJIbTaThl MO3BOJSIOT CAENATh BBIBOJ 00 3P (PEeKTUBHOCTH NMPHUMEHEHHS PACIIMPEHHOI 00yy4arorieil BEIOOpKU. [ 1aBHOE MperMyIIecTBO
TPEIOKEHHOTO METO/Ia 3aKJIF0YaeTCs B TOM, YTO OH HE TpedyeT jopororo obopynoBaHus juist afganTtaruu 3/ Mozenn nuna, a Tak ke MO3BONSET PaCIIMPUTh
00BeM obyJaronieil BRIOOPKHU ¢ TOMOLIBI0 HOBOM HH(pOpMaIHK 0 (popMe JTUIa.
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