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Abstract — This paper describes new methods that are used to
adapt a 3D polygon model of a face, which is then used in a
facial recognition system. In this paper, a new method is
proposed, which can adapt a 3D model of a face, while using a
minimum number of 2D images of a face (full face, profile, half-
turn). Control points and distances between them are used to
extract eyes, nose and other fragments from a face, and to find
links between them in different projections. The results of the
proposed algorithm are compared with a Faceworx program.
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I. INTRODUCTION

Creating a three-dimensional model of a human face from
two-dimensional images is a relevant task in many different
fields (medicine, forensics, security systems and video
surveillance systems etc.). The purpose of creating such
models is that they could later be used in a facial recognition
system. For example, in forensics, many of the existing 2D
facial recognition algorithms could not be used to identify a
criminal from an image of a side of his face, because input
information about the shape of a face consists of minimal
training sample — an image of a full face, profile and a half-
turn. Creating a three-dimensional model of a face based on
the input images allows rotating the model at different
angles, thus increasing the training sample, which allows
retrieving missing information about the shape of a face,
which later could be used for the further analysis and it
could increase the precision of facial recognition.

There are many approaches, which could be used to
reconstruct a three-dimensional model of a face:

1) Automatic approach using a 3D scanner [1] allows
acquiring more precise data about the shape of the
head and the proportions of a face. However, this
approach requires direct contact with the analysed
object (contact method). In a different approach a
scanner emits directed waves at an object and detects
its reflection for the further analysis (no contact
method) [2][3]; the disadvantage of this approach is
that it has huge material costs. Such methods as [4],
[5], [6], [7], [8], [9], [10] use an approach based on
parametric models of a face. The disadvantage of
these methods is a high computational complexity.

2) Semi-automatic method, using specialized software,
that allows creating a shape of the face by manually
placing control points on input images — Looxis
Faceworx [11], bioVirtual 3DMeNow Professional
[12] or FaceGen Modeller [13], but models created
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using these programs do not always resemble input
images.

3) Manual approach implies creating the 3D model of
face from scratch, manually moving each vertex of an
object (object consists of polygons that have
vertices), which takes an enormous amount of time.

In this paper, a semi-automatic method of adapting a 3D

polygon model of a face from a minimum number of input
images (full face, profile and half-turn) is proposed. The
proposed method adapts the 3D model of a face by using
manually placed control points in several projections; it also
places texture on the adapted model.

II. THE PROPOSED METHOD

Creation of the 3D Polygon Model of a Face

The input three-dimensional model of a head was created
using FaceGen Modeller 3.1; it was used to create an
average model of a head, which can be seen in Fig. 1, then
this model was simplified (by decreasing the polygon count)
in Autodesk 3Ds Max 2012 [14].

The main purpose of simplifying the model was to link
the control points placed on the images of face and the
polygon mesh of the model, but the mesh should not contain
more than 1000 vertices, which would slow down
calculations.

Fig. 1. Average 3D model of a head: a),c) 3D model of a head created in a
FaceGen Modeller; b),d) 3D model of a head with a simplified polygonal
structure.

Adapting the 3D Model of a Face

To create the algorithm, a lot of photographs of one man
were taken, three of which were used as input images (full
face, profile, half-turn), on the other images the face was
turned at different angles to check for similarity between the
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adapted model and the original images of a face. A block
diagram of the 3D model adaptation algorithm is shown in

Fig. 2.

2) Control points are manually placed on the images as

seen in Fig. 4. The position of the control points is
very important; they describe such features of a face
as position of the pupils, edges of the lips, contour of
the profile etc.

Loading 3 face images

v

> Placing control points on the images

-

Looking for minimal and maximal values of
X’y=Z

s

3D models adaptation

'

3D models texturing

v

Lighting and visualization

the adapted model similar to the origina
image of a face?

Fig. 2. Block diagram of the proposed 3D model adaptation algorithm.

3D model of a face adaptation algorithm

1) At the beginning of the algorithm, three base images
of a face are loaded (full face, profile, half-turn); they

may be seen in Fig. 3.

a) L c)

Fig. 3. The initial images of a face: a) profile; b) half-turn; c) full face.

Fig. 4. Placing the control points on the face: a) profile; b) full face.

3) The next step is converting the coordinates of the

control points from 2D space into 3D space. It is
important to note that the control points were placed
in 2D space, but since there were several images, the
information about the X, y coordinates of the adapted
3D model was taken from the full face image, and the
z coordinate was calculated from the profile image,
where the x coordinate represented the depth and the
z coordinate in the 3D model.

The width and height of the face is calculated based
on specific control points.

The next step is finding the minimum and maximum
values of the x, y, z coordinates out of all the vertices
of the simplified 3D model. The ratio between the
sizes of the 3D model and width and height of the
face is calculated to find a coefficient, which is
multiplied with each vertex of the 3D model to scale
the simplified model.

The 3D model of a face is divided into several zones
(forehead, eyes, nose, lips, chin, cheeks). If the
position of the manually placed control points
matched the position of the vertices of the 3D model,
the coordinates of the vertices did not change,
otherwise the coordinates were multiplied with the
specific values of the coefficient, which were in an
interval ke [0.5, 1]. An example of the placement of
the weight coefficient may be seen in Fig. 5.
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- Weight coefficient=1
- Weight coefficient = 0.98
- Weight coefficient = 0.96

- Weight coefficient = 0.94

Fig. 5. Putting the weight coefficients on the polygonal 3D model mesh.

7) Next, it is necessary to apply two textures on the
adapted model (the first texture for the full face, and
the second for the profile). Before the textures can be
applied, they are processed to remove the noise and
background, which otherwise will be visible on the
final model. A short process of the texture
preprocessing may be seen in Fig. 6.

Cut 2 textures from loaded images

Remove the background from all textures

Texture filtering using smoothing mask

Creating textures with transparent
backgound

h

Part of the background is painted in a
certain color

Fig. 6. Texture preprocessing before placing on the 3D model.

Textures were extracted from the input images of a full
face and profile, and were cropped at the coordinates of
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control points. Example of extracted textures may be seen in
Fig. 7.

~

c.

_—
Fig. 7. Texture cutting based on control point coordinates: a), ¢) original
images; b), d) output textures.

7.1) Background is removed from the texture using
the region growing algorithm [15].

7.2) To remove the noise and aliasing effect, texture
is processed with a smoothing mask [16].

7.3) An alpha channel is added to the texture to make
the background transparent.

7.4) For the hair zone, the texture is painted in a
colour of one pixel located in a specific control
point. An example of the final texture may be
seen in Fig. 8.

Fig. 8. Final texture after merging two textures together.

After the textures are applied to the model, two light
sources are added to scene, and the adapted 3D model is
compared with the input images of a face, if the adapted 3D
model is similar to the input images, then the algorithm
stops, if it is not the same then the algorithm returns to step 3.
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I1I. EXPERIMENTS

The proposed method was tested on the images of a face
of one person. Photographs were taken at different times.
The resolution of all photographs was reduced; the
photographs were also cropped using Adobe Photoshop CS6
program. The resulting images were then loaded into the
developed program. The results of the proposed method may

be seen in Fig. 9.

a)

b)

Fig. 9. Comparison of a),c),e) input image profile, full face, half-turn;

b),d),f) the proposed method.

The model was then rotated at different angles to compare
the adapted model with the photographs that were taken at
similar angles. The results may be seen in Fig. 10.

a)

Fig. 10. Comparison of a), c¢), e), g) input images; b),d),f),h) the proposed
method.

The proposed method was also compared with the several
existing methods. The same input images were used in
different programs to create 3D models. The comparison of
the proposed method with 3D models may be seen in Fig.
11.
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C)
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Fig. 11. Comparison of the results of 3D model creation in different
programs: a),f),k) input images; b),g),!) results in 3DMeNow Professional
program; c),h),m) results in Looxis Faceworx program; d),i),n) results in
bioVirtual FaceGen Modeller 3.1; e), j), o) the proposed method.

IV. CONCLUSIONS

A semi-automatic method was developed for adapting an
average 3D model from three 2D images of a face, and an
algorithm of placing a face texture on a polygonal model. As
results show, the proposed method manages to adapt the
model of a face to the real images of a face, where the initial
model was created using FaceGen Modeller 3.1 and the
initial model was simplified using Autodesk 3Ds Max 2012.
The drawback of the proposed method is that it is sensitive
to light, and it produces a few artifacts.
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Olga Krutikova, Aleksandrs Glazs. Jaunas metodes izstrade cilvéka sejas 3D modela adaptacija ar pieejamu minimalu 2D attélu skaitu

Cilvéka sejas 3D modela veidos$ana, balstoties uz 2D attéliem, ir aktuals uzdevums dazadas sfeéras (medicina, kriminalistika, apsardzes sisttmas un video
novérosanas sistémas u.c.). Sada tipa modela veidoSana ir saistita ar to, lai nakotng to varétu lietot seju atpaziSanas sistémas. Pieméram, kriminalistika, lai
identificétu noziedznieka sejas attélu, kur$ atSkiras no pretskata attéla, turklat daudzus esoSos 2D atpaziSanas algoritmus nevar pielietot, jo tas ir saistits ar to, ka
vairakos gadijumos sakotngja informacija par sejas formu sastav no minimalas visparigas datu atlases — pretskata, sanskata un puspagrieziena attéliem.
Gadijuma, kad tiek veidots triisdimensiju modelis p&c sakotngjiem datiem, rodas iesp&ja pagriezt modeli dazada lenkT, tadgjadi palielinot visparigo datu atlasi un
iegiistot triikstoSo informaciju par sejas formu nakamai sejas analizei, ka arT paaugstinat atpaziSanas algoritma darbibas precizitati.

Saja raksta tiek piedavata pusautomatiska metode, kura Jauj adaptet sejas poligonalo trisdimensiju modeli, balstoties uz minimalo ieejas attélu skaitu (sanskats,
pretskats un puspagrieziens). Piedavataja metodé notiek trisdimensiju modela adaptacija, izmantojot ar roku uz attéliem dazadas projekcijas izvietotus
kontrolpunktus, ka arT tekstiiru, kura tika uzklata uz adaptéta modela.

Piedavata metode tika testSta, izmantojot konkréta cilvéka att€lus, kuri tika uznemti dazados laikos. Ka paradija eksperimenta rezultati, piedavata metode spgj
sekmigi paveikt uzdevumu un adaptét sejas poligonalo trisdimensiju modeli. Sis metodes galvena prieksrociba ir — ta neprasa dargu aparatiiru, lai adaptétu sejas
trisdimensiju modeli.

Oura KpyrukoBa, Anexcanap I'i1a3. Co3nanue HOBOro Meroaa agantauuu 3D Moe/ JiMna npu MUHUMAJILHOM Haimuuu 2D n3o6pakeHuid.

Co3gaHne TpexMepHOH MOJENIM YeIOBEYeCKOro JHIa MO JBYMEPHBIM HM300paKEHUSIM SBIACTCS aKTyalbHOM 3aadedl BO MHOTUX OTpacisX (MeIHWIHHA,
KPUMUHAIUCTHKA, OXPAHHBIE CHCTEMBI H CHCTEMBI BUACOHAOMIONCHUS U T.1.). Llenbio co31aHus Takoil MOZEIH sBIsIeTCs JalbHelinee e€ IpIMEHEHHE B CHCTEME
pacrio3HaBaHus JiHL. Hampumep, B KpHMHHAIHMCTHKE, UL WICHTH(GHKAIUH H300paKeHWs JIMIA MPECTYIHHKA, KOTOPOE OTINYAeTCsl OT (POHTAIBEHOrO BHUIA,
MHOTHE cymecTBytomue 2D aaropuTMbsl paco3HaBaHUs JIUI HE MOTYT OBITh HCIIOIBb30BaHBI, 3TO OOYCIOBICHO TE€M, YTO B OOJBLIIMHCTBE CIyd4aeB HCXOAHAs
uHbopManys o GpopMe ITHIa COCTOUT U3 MHHUMAIBHOI 00ydaromell BHIOOpKH — H300paxeHus aHdaca, mpodIs U MoiryodopoTa nuia. B cirydae moctpoenus
TPEXMEPHOH MOJEINH JIMIA 110 MCXOIHBIM H300pa)KEHUSIM, HOSBISICTCS BO3MOXKHOCTH IOBOPOTa MOJIENH IOJ Pa3HBIMH YIJIaMH, COOTBETCTBEHHO YBEIHYUTH
00y4aromIyio BEIOOPKY 4TO JaeT BO3MOXKHOCTH MOTYYHTh HEZOCTAIONTYI0 HHGOPMAIHIO 0 popMe JIHIA s JalbHeHIIero aHaamsa, a Takke MOBBICUTh TOYHOCTh
PpaboTHI aNTOPHTMa PACIIO3HABAHUSL.

B naHHOU craThe IpelularaeTcsl MOJTyaBTOMATHUYECKHH METOJ| aJalTaldM IOJUTOHAJIBHOW TPEXMEPHON MOJENU JIMIA, OCHOBHIBASChH HAa MHHHMAIBHOM
KOJIMYECTBE MCXOAHBIX M300pakeHui (mpoduib, aHdac u moayobopor juia). B npeanoxkeHHOM MeToje NPOHCXOAUT aJanTalus TPEXMEPHOil MOJeNH Jula ¢
HCIIONB30BAHHEM IJIs 3TOTO PACcCTaBICHHBIX BPYYHYIO Ha H300paXKeHHSX B Pa3IMUHBIX IIPOCKIUAX KOHTPOIBHEIX TOUEK, a TaK JKe TEKCTYpPhI, HaKIaabIBaeMOH Ha
aIalITHPOBAHHYIO MOJIETIb.

IpennoXeHHBIH METOA TECTUPOBANICS HA W300PAXCHHAX JMIA KOHKPETHOIO 4elIOoBeKa, KOTOphIe ObLIM C/eTaHbl B PasHbIe NMepuojibl BpeMeHH. Kak mokasanu
pe3yIbTaThl SKCIIEPHMEHTOB, MIPEUIOKEHHBIH METOJ] IIOMOT YCIICITHO CIPABUTHCS C 33afadeil M aJanTHPOBaTh MOIUTOHANBHYIO TPEXMEPHYIO MOZENIb TOJIOBBL.
I'maBHOE MPEUMYILECTBO IPEITOKEHHOTO METO/Ia 3aKIIF0YAeTCsl B TOM, YTO OH He TpeOyeT Aopororo o6opynoBanus Juisl axantamuy 3 /] moaenn auna.

17





