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Strategic Water storage reserve:

KAHRAMAA's present strategy is having a strategic storage
reserve at KAHRAMAA Networks (KAHRAMAA RPS) to meet
02 day’'s demand of the customers in case there is a total inter-
ruption in water supply from the Desalination Plants.

This is in addition to 01 day’'s water production storage at the
Desalination plants (IWPP Reservoirs).

The present storage capacity of reservoirs at KAHRAMAA's
Networks is 303 MIG and at IWPPs is 293 MIG which together
will able to supply the customers for 2 days in case of emer-
gency. As a strategy for long term security of water, KAH-
RAMAA has already started the plan for additional storage
capacity for 05 day’s demand which would ultimately increase
the total storage capacity to 07 days’ demand.

Water Networks:

KAHRAMAA's Water Network consists of Transmission pipe-
line of size varying from 1200 mm to 1600 mm and these pipe-
lines transmit the water produced at the Desalination plants to
KAHRAMAA's Reservoir Pumping Stations (RPS).

There are 23 RPS spread over the whole areas of Qatar from
where water is distributed to the customers on 24x7 basis with
sufficient pressure and flow. Water Distribution Network has
been steadily expanded to cover all the inhabited areas of the
State and it has been expanded extensively in recent years to
cover almost 99.20% of the areas.

The total length of the Transmission & Distribution pipelines
as of 2009 is 4279 KM and this is expected to be increased to
4486 KM by 2015.

Water Quality:

The Water distributed to the customers is safe, clean meeting
the WHO potable water standards. Water is subject to daily
random bacteriological and laboratory test undertaken by
Kahramaa from the Water Production Plants to storage reser-
voirs and to the networks up to the customers’ storage facili-
ties.

KAHRAMAA has its own Central Water Laboratory in Doha.
Laboratory has the capability to carry out drinking water anal-
ysis for

1. Aesthetic;

2. physical;

3. Chemical; and microbiological parameters.

The Laboratory is equipped with high-tech drinking water ana-
lytical equipment such as UVI Visible spectrophotometers,

flame atomic emission, Gas Chromatography Mass Spec-
trometer (GC/MS), lon Chromatography, Inductively Coupled
Plasma Mass Spectrometer (ICP/MS), Total Organic Carbon
Analyzer (TOC), wet chemistry and microbiology.

Analysis and testing of drinking water samples are carried out
in accordance with WHO and the Gulf Cooperation Council
(GCC) GSO methods.

National water Control Centre:

Presently the Water distribution system is controlled from the
National water Control Center in Doha. Pumping, storage, and
flow of water controlled from the center through Fiber optic and
GPRS communication system by the latest modern SCADA
system. The National water Control Centre functions 24 hours
a day by closely monitoring and controlling the water distribut-
ed to the customers. The quality of the water distributed is con-
tinuously monitored and immediate corrective actions taken in
case of any deviation from the standard quality.

Water Call Centre:

Our Call Center is manned 24 hours and the Staff receives
complaints on 24/7 basis to attend to customers’ complaints
and to keep Customers satisfaction.
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Qatar’s Potable Water Sector

Kahramaa

The Qatar General Electricity and Water Corporation "‘KAHRAMAA" was established in 2000

further to the Emiri Law #10, to regulate and maintain supply of electricity and water to customers.

KAHRAMAA has the privilege of being the sole transmission and distribution system owner and

operator for the electricity and water sector in Qatar.

Kahramaa Core area of business:

Kahramaa buys, distribute and sells electricity and water as
follows:

1. Formulate Power & Water Purchase Agreements (PWPA)
and provide necessary technical and corporate support for
establishment of generation & desalination ventures.

2. 0wn, construct and operate electricity & water transmission
and distribution networks in the State of Qatar.

3. Set-up plans and programs for development of electricity &
water transmission and distribution networks.

4. Layout regulations, standards and codes of practices for
electricity & water supplies to buildings and facilities.

5. Provide consultancy services related to its activities and
operations. towards accomplishing the above businesses in
an efficient way and achieve commercial performance,
Kahramaa formulated its Mission and Objectives as follows.

Mission:
Provide our customers with high quality electricity & water
services, whilst creating value for our shareholders.

Objectives:

1. Efficiently meet our obligation to supply Qatar's need for
electricity and water.

2. Operate on a commercial basis.

3. Comply with local and international health, safety, and en-
vironmental standards.

4. Maximize the employment of capable Qatari nationals and
develop them to the competence level of employees in leading
international companies.

Qatar's Potable water Resources:

Qatar's Potable water resources are derived from the
following.

A.Sea Water Desalination

B.Underground water

Use of underground water for domestic use had been
gradually stopped and kept as a strategic reserve since 2004
except in the remote area of Abu Samara where it is extracted
(< 0.1%) for desalination using RO technology and supply to
the customers in that area.

Qatar's potable water is mainly from Seawater

Desalination Plants.

Eng.Ali Saif Al-Maliki
Director of Water Affairs

Potable water supply system :

The Potable Water supply system broadly covers two major
areas,

1. The Seawater Desalination plants (Water Production) and

2. The Water storage and Transmission & Distribution

networks system.

The Seawater Desalination Plants are owned and operated by
Independent Power & Water producers (IPWPs).

The water storage and Transmission & Distribution to the
customers through network system is under the management of
Qatar General Electricity and Water Corporation (KAHRAMAA).
KAHRAMAA purchase the water from the IPWPs under a long
term Purchase Agreement and distribute to the customers on
24X7 basis by maintaining a strategic water

reserve to meet the demand during an emergency situation
when the Desalination Plant/ Plants cease production.

There are 07 nos. of Desalination Plants currently in

operation in Qatar. These Plants are located in the South at Ras
Abu Funtas and in the North at Ras Laffan as shown in the
adjacent map.

There are 04 nos. of Desalination Plants at Ras Abu Funtas and
03 nos. at Ras Laffan.

Name of Plant Operated BY Capacity (MIGD) Location

Ras Abu Fontas ‘A’ Qatar Elect & water Co. 55

Ras Abu Fontas ‘A1’ Qatar Elect & water Co. 45

Ras Abu Fontas ‘B’ Qatar Elect & water Co. 33 Ras Abu Fontas
Ras Abu Fontas ‘B2’ Qatar Elect & water Co. 29

Ras Laffan ‘A’ Ras Laffan Power Co. 40

Ras Laffan ‘B’ Qatar Power Co. 60 Ras Lafaan

Ras Laffan ‘C’ Ras Girtas Power Co. 63

Total 325

Installed Capacity of Desalination Plants
The water production capacity has been steadily increased over
the years to cope up with the increasing demand.

Potable Water Demand in Qatar:

The present per capita water consumption in Qatar is an aver-
age of 440 I/p/d. The Potable water demand in Qatar has grown
at an average of 9% from the year 2000 - 2010 and the supply
during the same period had grown at 10%. The average annual
demand is expected to grow at the rate of about 10.00% per year
until the year 2017.
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building’s energy saving through automation as pre-deter-
mined. The objective of BMS is to enhance building operation-
al condition monitoring and control thus saving the energy to
a great extent.

» Heating, Ventilating and Air- conditioning (HVAC)
system :

The use of high performance HVAC equipment can result in
considerable energy, emissions and cost savings (10%-40%).
Employing high- performance HVAC equipment in conjunc-
tion with whole building design can result in significant energy
savings.

* Appliances , equipments and materials :
Selection of efficient and good quality office equipments,
appliances and even each material going into the construction
of the building with good life cycle can provide better energy
management.

Each design objective is significantly important in any project,
yet a truly successful one is where project goals are identified
early on and held in proper balance during the initial discus-
sions with the Owner and the Consultant and during the design
process. Inter relationships and interdependencies with all
building systems need to be discussed and understood, evalu-
ated, appropriately applied and coordinated concurrently from
the planning and programming phase. A high performance
building cannot be achieved unless the integrated design ap-
proach is employed. It is the responsibility of the professional
Consultant to make the Owner aware of the need of such En-
ergy Efficient Building (High Performance) and the high initial
cost that has to be invested in terms of usage of high quality
materials and equipments to attain the goal. But it is worth
to highlight that this high initial cost invested will be retrieved

Interior
Designer

back in 5-7 years.

Energy
Efficient
Building

During the facility design and development
process, building projects must have a
comprehensive, integrated perspective that
seeks to :

* Reduce heating, cooling, and lighting loads through
climate-responsive design and conservation practices;

* Employ renewable energy sources such as day

lighting, passive solar heating, photovoltaic, geothermal, and
groundwater cooling;

» Specify efficient HVAC and lighting systems that consider
part-load conditions and utility interface requirements;

* Optimize building performance by employing energy mod-
eling programs and optimize system control

strategies by using occupancy sensors CO2 sensors and other
air quality alarms; and

* Monitor project performance through a policy of
commissioning, metering, annual reporting, and periodic re-
commissioning.

 Building substations at the load centers and minimizing the
length of low voltage cables thus reducing the power/voltage
losses. Optimizing the load on each transformer in order to get
the maximum efficiency and minimum power losses.

Also the above process may apply to the reuse or

renovation of existing buildings as well.

Costs and Benefits

* Many design factors that save energy are virtually free; oth-
ers quickly pay for themselves in energy savings.

» The introduction of compact fluorescent bulbs in the place of
incandescent bulbs saves energy drastically.

* By using programmable thermostat and good quality
appliances can save energy to great extent.

* Right sizing of the HVAC system leads to a better

efficient cooling system and less cost.

« Initial cost increases by 10 to 15%, but payback is

obtained in 5 to 7 years.

* Energy savings are of the order of 50%.




Articles

Energy Efficient Buildings

Introduction

Virtually every part of the building’s structure is energy dependent. Starting from its
placement, design and even selection of the equipments affects the energy consumption.

The climate of the place plays an important role in the quantity of energy consumed by the

Eng.Ali aljomali

building.In Qatar, as the temperature is high during almost 3% part of the year, the major part

of the energy is consumed in the air conditioning of the building. The amount of energy consumed for heating

purpose during winter time is negligible compared the air conditioning load. Whole building design is an essential

way of approaching building projects and the understanding of the whole building design concepts will enable us

to think and practice in an integrated fashion to meet the demands of today’s as well as tomorrow’s High perform-

ance Building Projects.

A Few of such important aspects that need to be considered during the initial discussions are as follows.

* Building Placement :

A building’s location and surroundings play a key role
in regulating its temperature and lighting. Trees,
landscaping and hills can provide shade and block
wind. In Qatar, the orientation of the building is
preferred in the S-W direction to avoid direct sunlight
all throughout the day, while

receiving the indirect sunlight.

e Building Shell :

Tight building design, including energy- efficient
windows, well-sealed doors and additional insulation
of walls, can reduce the work load on air-conditioning
equipment to maintain the required temperature inside
the building.

* Roofs :

Dark roofs become up to 700 °F hotter than the
reflective white surfaces, and they transmit some of
the additional heat inside the building. Lightly colored
roofs use 40% less energy for cooling than buildings
with darker roofs. Even proper insulation for the roofs
can further bring down the energy meant for cooling.
In Qatar cement tiles are paved over the insulation and
water proofing coating on the roof to reduce the effect
of heat.

» External Wall finishing :

Low-E (low emissivity) coated glasses (with low
u-valve & shading coefficient) on insulated walls are
preferred to normal finish for maximum heat reflection,
maintaining aesthetic beauty of the building.

* Heating and cooling :

Advanced heating and cooling systems can reduce energy
consumption and improve the comfort of the building’s
inhabitants. For example, programmable thermostats au-
tomatically raise or lower temperatures at night or during
the day when no one is present. Zone heating or cooling
systems allow the temperature of specific rooms or differ-
ent floors to be controlled independently.

* Lighting :

Proper placement of windows and sky lights and use of
architectural features can reduce the need for artificial
lighting in buildings. Compact fluorescent light bulb use
2/3 rd less energy and last 6 to 10 times longer than
incandescent light bulbs. Task lighting, lighting sensors
and dimmers also reduce the power needed for lighting.

e Building Management Systems :
The implementation of Building Management System
(BMS), also known as Building Automation System,

enables the optimization of control and utilization of a
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training of the database is achieved by projecting the synthe-
sized facial images in the Eigen face space. We subsequently
explain the techniques used in processing the probe image, given
to the recognition system, before showing experimental results.
The principle idea is to process and normalize the face in the 2D
probe image in a manner similar and compatible with the way the
synthesized images were created. This ensures less variation in
the recognition comparisons between the probe and the subjects
in the database.

3.1. Probe facial image segmentation

Given a probe facial image, the first step in the recognition starts
by extracting 57 facial features around the eyes,

eyebrows, mouth, and chin using our improved Active Shape
Model (ASM) algorithm [4]. See the considered features points
with their corresponding feature vertices in Fig.5.a and Fig.2.b,
respectively. Using these features, we align the neutral 2D mesh
model to the image using a 2D version of the alignment
procedure in [5]. The result of this alignment is shown in Fig.5.b.
The aligned model establishes the facial region of interest which
can easily be segmented using the model's boundary. The result
of the segmentation is given in Fig.5.c.

() (b) (o) (d)
Figure 5 (a) Selected facial features (b) Input image with the
aligned model overlaid (c) Segmented image using the model (d)
Image after 2D pose and scale normalizations.
3.2. Probe facial image normalizations
Similar to the 3D pose and scale normalizations explained in
section 2, the neutral 2D model and the mean 3D deformed
model, which is projected to 2D, are needed in the recognition
stage. See the recognition stage in Fig.1. Since depth information
is not directly available in 2D images, complete pose angles can-
not be obtained. Alternatively, the most reliable pose information
that can be extracted from the facial 2D image is the in-plane
rotation (i.e., about the z-axis). This is accomplished by
computing the rotation matrix R2x2 using the corresponding 57
features between the aligned and the neutral model. The in-plane
pose normalization is finalized by applying the inverse of R2x2 to
the entire facial image. Scale normalization begins by computing
the scale factor between the aligned 2D model and the mean
deformed 2D model. The scale factor is finally applied to the facial
image through resizing and re-sampling followed by intensity in-
terpolation. The result of both 2D pose and scale normalizations
is given in Fig.5.d. The final probe image of Fig.5.d is given to the
Eigen face recognition system as discussed next.
3.3. Recognition experiments
Face recognition is demonstrated with 114 subjects by conduct-
ing two types of 2D Eigen face recognition experiments. The first
scenario uses two images per subject, one image is used for
training the database and the other image, from another dataset,

is used as a probe for testing. We keep the training images at
frontal view and vary the pose of the probe image. Applying the
Eigenface algorithm, we arrive at a highest rank one identification
rate of 81.2%. As shown in Fig. 6, we see that by varying the pose
of the probe image with pose angles (0z,0y,0x) ={(00,50,00);
(00,100,00); (00,150,00); (00,—150,00); (Oo,—lOo,Oo); (00,—
50,00)}, the identification rate degrades from 81.2% to as low as
14.3% corresponding to the probes of the frontal to near frontal
view images, respectively. These results are expected because
the pose variations in the probe images are not incorporated in
the training images of the database.

Experiment 1, single image used in the gallery training

- Experiment 2, multiple images used in the gallery training
T T T T T T

100 ——

Rank 1 Identification Rate (%)

Input
Probe b
Images

1 &G

(0.15.0)  (0,10,0) (0.5.0) original  (0.-5.0) (0.-10.0) (0.-150)

Figure 6 Recognition experiments 1 & 2. Rank 1 identification
rate at different view probe images. In the second experiment,
we use the multiple view images that are synthesized for each
subject in the training as explained in this paper and given in
Fig.4. The result of the identification is also indicated in Fig.6
which shows a maximum rank 1 identification rate of 92% at
(00,50,00) pose and a minimum rate of 84.8% at (0o,-150,00).
The additional view images for each subject in the training
substantially improve the identification rate at all considered
views and result in a more robust system to near frontal pose
variations. These final results demonstrate the potential of our
model-based scale and pose normalizations, in synthesizing
multiple view images for 2D face recognition.

4. Conclusions and future work

We presented a fully automatic algorithm for model-based 3D to
2D facial image synthesis from true 3D facial data of shape and
texture. We used a generic mesh model as an accurate tool for
pose and scale normalizations in both 3D and 2D domains. we
augmented the synthesized images in a 2D recognition

system and demonstrated superior identification rates with 114
subjects. Indeed, the similarities in the normalizations between
the synthesized images in the database and the probe images
ensured less appearance variations in the recognition
comparisons at near frontal views. We are in the process of
improving our synthesis stage to include circular views of the face
(i.e., the face looking up/down and left/right) and incorporate
illumination and facial expression variations.




Research

degree pose angles (Ox,ey,92)=( 00,00,00). The pose angles are
measured relative to the origin of the 3D model. A rigid rotation of a 3D
vector P onto a 3D vector P’ can be represented by a linear
transformation,

defined by the matrix
R3x3:

Subject to the constraints
RR'= R'R=[100; 010; 0 01/3x3, det(R) =1 ~ (2)

The first constraint tells us that R is orthogonal and the second con-

P’=R.P (1)

straint ensures that the transformation preserves the relative trans-
formation of the reference frame. In the pose normalization process,
we are given deformed models in the 3D database that we in-
tend to normalize to be as close as possible to the neutral 3D
model. Essentially, the objective is to find the rotation matrix,
denoted by Rpy;, between each 3D deformed model and the
3D neutral model using the corresponding 109 vertices. This
is a minimization problem between two sets of correspond-
ing points from which RDM can be estimated using any global
alignment technique [5]. The inverse of RDM is then applied to
the textured model in the database which produces a pose nor-
malized textured model. Scale normalization in 3D is related
to the distance of the object from the camera. The further the
object is, the smaller it is in the captured image and vice versa
In order to bring all models to comparable distances from the
capturing camera, hence comparable scales in the images, we
translate the pose normalized 3D models in depth such that the
depth of their centroids lie at the mean depth obtained from all
the deformed 3D textured models in the database. This insures
that all synthesized 2D facial images are at comparable scales
when projected to 2D. Hence, the final pose and scale normali-
zations vector can be expressed in the following equation:

PN:[PD_E]'R;)M_l_P_D )

where P is the deformed 3D model coordinates and PD refers
to the mean coordinates of all the deformed models. The vector
PN contains the final pose and scale normaized deformed
textured model, which can accurately be manipulated to
synthesize models at different views Fig.3.a and Fig.3.b shows
an example model in 3D before and after normalizations.

Figure 3 3D textured model (a) Before normalization (b) After
pose and scale normalizations (¢) Synthesized 2D image (d)
Synthesized 2D image after intensity interpolation. 2.3. Facial

image synthesis In this section we dscribe the use of the nor-
malized textured 3D model in synthesizing 2D images at differ-
ent views for training 2D face recognition. We start by deter-
mining the pose angles of interest, from which a rotation matrix
is computed and then applied to the normalized textured model.
Mathematically, we can express 3D rotation as a result of three
ordered consecutive rotations around the coordinate axes of
the 3D model by 0z, Oy, and Ox angles. Given the rotation
angles, the three rotation matrices are given by:

1 0 0 cos@) O sing) cos@) —sing) 0] (4)
0 cosf) —sin@)} R=| 0 1 0 R =|sinfl) cosfl) O

0 sing,) cos@,) —sing,) 0 cos@) 0 0 1

R =

where RX, Ry, Rz are the rotations about the X, y, and Z
axes, respectively. The matrix Rzyx describing the overall ro-
tations is the product of the three matrices given by

Ryx =R.R,R, &)

Once the angles are chosen, Eq.5 can be computed and ap-
plied to PN using Eq.3 with RDM replace by RZYX.

Finally a 2D image is synthesized by projecting the 3D textured
model to 2D using the stereo camera calibration

parameters. Every projected coordinate corresponds to a tex-
ture pixel value associated with the model. Although an infinite
number of images can be synthesized at different pose angles,
we currently limit our image synthesis to near frontal images
with rotation about the

(i.e., (0z,0y,06x)=(00,0y,00)).
an example of the textured 3D model of Fig.3.b rotated at
(00,150,00) and projected to 2D. Intensity and bilinear in-
terpolations are then applied to the image of Fig.3.c to cover

y-axis Fig.3.c shows

all areas of occlusion and compensate for pixel round offs in
the 2D coordinates, which results from the projection of 3D deci-
mal to 2D integer coordinates. Fig.3.d shows the final result. Fig.4
shows another example of one subject’'s original image, cap-
tured by the stereo system, along with six synthesized images at
different indicated views. Similar to the views in Fig.4, we repeat
the synthesis process six times per subject for all 114 subjects in
the database. This gives a total of 684 synthesized images which
are augmented with the 114 original 2D images captured by the
frontal camera. The original and extended 2D databases are in-
cluded in the 2D recognition system as we describe next.

b

-

(0,-10,0) (0,-15,0)

original  (0,-5,0)

(0,15,0) (0,10,0)
Figure 4 Six synthesized 2D images of a subject used in the
training stage along with the original image.

3. 2D MODEL-BASED FACE RECOGNITION

We make use of the synthesized 2D images described in the
previous section and conduct experiments for 2D face recogni-
tion using the Eigen face approach [6]. As shown in Fig.1,

(0,5,0)
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is finally mapped to the model vertices and the remain-
ing holes are filled via intensity interpolation. Recently, we
developed a completely automatic 3D face modeling and
deformation algorithms for 3D to 3D face recognition using a
generic mesh model [1-3]. Our approach differs from the
aforementioned algorithms in the deformation and synthesis
processes. We deform the 3D mesh model to actual depth
coordinates computed from three stereo images of the face
(two frontals and one profile views per subject).

For114 subjects, we obtained a 3D textured database of true 3D
shape coordinates mesh models with automatically extracted
57 landmark facial features. This modeling stage is shown in
the upper section of Fig.1. Further detail is given in [1-31. In this
paper, we make use of this available 3D database and synthe-
size additional near frontal 2D images for each subject for 2D
face recognition.

The middle section of Fig.1 shows the 3D to 2D synthesis stage.
For all subjects in the database, image synthesis starts by first
normalizing the scales and poses of the 3D mesh model shapes
to a standard scale and pose. Then for each subject six views
are synthesized, by rotating the 3D model at multiple near
frontal views, and projected to 2D as images for 2D database
training. As indicated in the lower section of Fig.1, given a 2D fa-
cial image, the recognition stage starts by extracting landmark
facial features that have direct correspondence with feature
vertices in the generic model and the synthesized images in the
2D database. Using these features, a facial image is aligned
with the 2D generic model, segmented from its background,
normalized in pose and scale, and finally compared with all the
2D synthesized images in the database for 2D recognition.

3D
3D Face Mesh Models Database
Modeling

Images Acquisition

!
Sterea |
System

3D Modeling Stage
i
/
(o

3D Model-based
2D Projection & Scale & Pose

Interpolation

©..9,.0,)
Normalization

20 images

____________ }

3D to 2D Synthesis Stage

mean 2D model

=N 5D Global Model-Based 2D
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2D Image

1 2D Recognition Stage

Figure 1 General block diagram of the proposed system.

This paper is organized as follows : Section 2 explains the
details of the model-based face synthesis which includes 3D
facial pose and scale normalizations and 2D database
generation. Section 3 discusses the process of segmenting
and normalizing the 2D probe facial image and demonstrates
2D face recognition experiments. Conclusions and future work

are given in section 4.

2. 3D To 2D Model-Based Face Sysnthesis
We show in this section the potential use of the 3D textured
models in synthesizing multiple view 2D facial images for 2D
face recognition. Currently, our research in this paper, deals only
with facial pose variations about the vertical axis of the face (i.e.,
rotation about the y-axis) under normal illumination and expres-
sion. We start by introducing the generic mesh model used in
this paper.

2.1. Generic face mesh model

In this research, part of the face modeling is achieved by rep-
resenting the surface of the human face by a generic 3D wire-
frame or polygonal mesh model resembling the general shape
of the face. A mesh model approximates the surface shape of
an object by specifying a set of vertices (points) and polygons.
Eachvertex is represented by its coordinates and a set of verti-
ces represents various polygons or meshes. Fig.2.a shows our
neutral (undeformed) 3D mesh model. This model contains a
total of 109 vertices and 188 surface polygons. As we showed
in [1], higher resolution deformed models were employed in
constructing the 3D database (i.e., 1546 vertices). For this pa-
per, selecting the 109 vertices model is sufficient for face syn-
thesis. In our work, the use of a 3D face model is motivated by
a number of factors. First, by relying ongeometric shape, rather
than only texture information alone, we obtain models that are
less variant to illumination conditions. Second, the ability to
rotate a facial structure in 3D space allows for the compen-
sation of variations in pose. Third, with the help of the model,
we establish a point-to-point feature correspondence, which
greatly simplifies features alignment and matching. Finally,
the role of the mesh model in our system is essential in pose
a_nd scale face normalizations as we describe next.

= Feature vertex

(@) (b)

Figure 2 Neutral generic face model (a) 3D model (b) 2D model
with selected feature vertices indicated in red (c) 3D model with
origin and rotation angles’ definition indicated.

2.2. 3D pose and scale normalizations

As shown in the synthesis stage of Fig.1, the normalization process
requires the 3D coordinates of the deformed models, with the mean
(average) coordinates of all the deformed models, and the neutral
model. In order to synthesize a subject’'s image at a given pose from
its deformed 3D model, the model must be first normalized to a stand-
ard neutral reference pose. In this work, we choose to normalize the
pose of each deformed 3D model in the database to be consistent with
the neutral 3D model given in Fig.2.a. We define the facial pose as
the rotation angle differences 0X, 0y, and 0z between the deformed
and the neutral model. Fig. 2.c shows our neutral 3D model with zero
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Synthesis for 2D Model-Based Face Recognition
Normalized 3D to 2D Model-Based Facial Image

Abstract

In our previous research [1-3], we created a database of 3D
textured face models of people using stereo images and a
generic face mesh model for 3D face recognition application.
Consequently, in this paper we make use of this available
database and propose an algorithm for synthesizing multiple
view 2D facial images of each subject, which extends the
number of images used in the training stage of a 2D face
recognition system.

The main contributions of our work are: a) proposing a novel
3D model-based face pose and scale normalizations before
creating the synthesized 2D database from its 3D counterpart
and b) proposing a model-based facial area segmentation and
normalization to a given 2D probe facial image. Recognition ex-
periments, using near frontal probe facial images and the
extended synthesized database, demonstrate improved 2D
recognition rate. Index Terms- Face analysis, face synthesis,

face recognition, face normalization, face pose.

1.Introduction

Variations in pose, illumination, and expression continue to be
the most challenging problems in face recognition systems.
Despite decades of research, many algorithms have certain
disadvantages especially when these uncontrolled factors result
in major appearance variations between the probe and the
gallery data. Many face recognition systems are appearance based
[6,131 which require the availability of several subject’s images
for accurate recognition rate. However, the problem can be
complicated in real application when only small number of
training images per subject is available in the database which
leads to inefficient capturing of most of the facial appearance
variations. In this paper, our goal is to improve the recognition
rate of a 2D face recognition system which can handle and
tolerate near frontal probe images. As a result, we attempt to
solve the problems of facial pose and scale variations through
appropriate face pose and scale normalizations followed by
multiple views face image synthesis in order to create additional
views for training. Previous approaches for investigating pose
variations related to face synthesis and recognition can be
divided into two

categories: 2D based and 3D based approaches. A recent
detailed survey is given in [13]. A 2D statistical-based Active
Appearance Model (AAM)is proposed in [71 in which 2D shape and
texture models are learned from facial samples.

These models can produce

additional synthesized modes encoding facial pose variations.

Given a probe image, an estimation of the pose is first achieved by

DR. Abdul Nasser Al Ansari

choosing the best corresponding model fit, from which the probe
is synthesized and pose corrected to frontal view, with new AAM
parameters used in recognition comparison. Similar approach to
AAM is followed by [8], except that the estimated parameters of
the pose corrected frontal view model are used to synthesize
frontal view images for all subjects in the database for adaptive
PCA training. Improved recognition comparison is claimed us-
ing the synthesized frontal images compared with the original
images. It is generally known that AAM requires initialization
and often fails to converge. Recently, [9] showed a regression-
based non-frontal view face synthesis which improved identity
verification. Given a frontal and near frontal images, the method
divides the images into multiple overlapping blocks from which
corresponding block matrices are first learned at each image
location. Multiple view images per subject are synthesized by
applying the block matrices to a frontal image and generating
additional images augmenting the galley images of a face rec-
ognition system. 3D model-based approaches generally pro-
vide superior alternative in synthesizing multiple view virtual
face images and higher recognition rate. Some existing models
in the literature are based on derived 3D head scans of many
faces [10,11] or deformed generic face mesh model [1-3,121.
Most methods, discussed subsequently for matching 3D mod-
els to facial images, are aimed to synthesize additional view
images to augment the training set for face recognition system.
Using computer graphics techniques, [10] morphs a head model
of 3D scans of shape and texture, built from 200 subjects, to a
single or multiple probe images. This method achieved promis-
ing results for illumination and pose invariant face recognition,
yet it is computationally expensive and requires user assist-
ance. In [11], a morphable model is represented by 100 face
scans. The frontal probe image is aligned and mapped to the
morphable model using 83 key facial features extracted from
the image. Texture from the image is then projected orthogo-
nally to the 3D geometry from which other views are generated.
In both [10,11], the 3D model may not morph properly when the
probe face is very different from the trained 3D head scans.
[12]deforms a 3D generic mesh model to a given frontal face
image based on aligning some of the model’'s vertices to
the manually located features. The rest of the model’'s ver-
tices are adjusted iteratively based on the propagation of
the feature vertices displacement. Texture from the image
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