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Abstract Population census plays a vital role in human’s well-being as well as in a nation’s development. It is an
enumerative technique that provides answers to how, who and where. In years past, several techniques have been adopted to
address the problem of multiple-count during population census. However, the problem still lingers and culminate into
rejection of some of the results thereby negating the purpose of census. These lead to proposing a multimodal biometric
approach to conducting population census in this paper. This work aimed at developing a multimodal biometric model
capable of uniquely distinguishing each enumerated person in census by combining iris, face and demographic data of same
individual. A post-match technique of multimodal fusion was adopted for tracking multiplicity in this work. The proposed
model was evaluated based on set of thresholds using FAR, FRR and EER as performance metrics. The results obtained
showed that the proposed model gave an EER of 0.18%. The single-modal model of iris had EER of 0.44% and face had EER
of 0.19%. This implies that the multimodal model integrating iris and face outperforms the single-modal model of iris and
single-modal model of face by 59.09% and 5.26% respectively. The study concludes that the proposed model contributes to
existing works on population census by integrating iris and face multimodal biometric to optimally minimize multiple-count

in census thereby providing accurate figure acceptable by the populace.
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1. Introduction

Planning is highly important to attain success in any
country. It is always said that failure to plan is to plan to fail.
This can be linked to the main reason for conducting
population census in any given country. When a nation does
not know the proportion and the total number of its citizens,
its planning process is likely to be distorted [12]. Individual
country needs to know her population size, distribution and
characteristics to effectively plan its economy, judiciously
use its relatively scarce resources and adequately cater for its
populace.

Population can be defined as the total number of people
living in a country at a given period. Census is a periodic and
deliberate head-count of all residents in a country over a
period [1], each individual country need an accurate and
accepted census data to plan for virtually everything [29]. It
is unfortunate to note that Nigeria does not have authentic
census data in this 21% century [12]. In order to provide
finance, efficient security, stable power supply, good roads,
standard education, effective health facility and other social
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amenities; Nigerian government must know the figure of its
populace. Population size aids in determining the ratio of the
densely-populated region to the fewer regions. Information
must be collected about each person living in a country to
determine the reality that such individual exists; this
information is further used to meet the need of the populace.
A detailed population count helps to analyze and understand
problems emanating from different areas within a country
and proffers reasonable solution to such problems.
Population census in Nigeria is undoubtedly an important
issue of concern since population in terms of its size and
composition has far-reaching implications for change,
development and quality of life in society [12]. Even in the
face of the wide-spread controversies that travail each census
in the Third World Countries, there is no running away from
the clear fact that census remains a versatile source of
information about a nation [3].

Data accumulated from several censuses helps countries to
evaluate the past, describe the present and forecast the future
[22]. An accurate census data helps to build a solid
foundation for a sustainable and prosperous future. Most of
the developing countries are faced with problems of accurate
census data and such problems are encountered during data
collection [7]. Population census is an enumerative
technique that provides answers to the number of citizen; the
personality of such citizen; and the living condition of the
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citizen living in a country at a given time [12]. In Nigeria,
population census experience has shown persistent and
difficult pattern of error in the data collection and analysis
[24].

The sources of errors encountered in census can be

grouped into two [33]. These are coverage and content errors.

Coverage errors are errors which arise from duplicity or
multiplicity of individual’s. Most common error encountered
in census is coverage error. Content errors refer to the
accuracy of information collected about an enumerated
individual. The economic development in Nigeria would
have been much easier if reliable population data were
available because the absence of authentic population data
directly affects government’s inability to ensure balanced
political representation and equal access to important
governmental resources by all regions [4]. Several methods
used interchangeably for past census enumerations in
Nigeria had been reviewed and the conclusion is that none
had been able to provide an accurate census result [9]. The
allegations of over count had continued to trail census results
and this has made planning for development unrealizable and
unrealistic.

Looking at the past population census in Nigeria both
before and after independence, it has always ended in
national controversy and strong allegations of falsification
[4]. The inflation of census figures amongst Nigerian states
does not seems to disappear soon as it is geared towards
obtaining the advantages accruing from having higher
population figures in the country. The dearth of accurate and
credible statistical data has been a serious handicap to the
economic and political development of Nigeria and the
future censuses in Nigeria is not likely to produce an
expected and credible data that can be used for effective
planning without adopting an improved and secured
technology [12]. The importance of population census to the
advancement of any country’s economy has been established
and it is inseparable as it serves as a foundation to any
country’s development and survival. There is no doubt that a
technology capable of producing authentic and acceptable
census data is justifiably needed for countries to judiciously
plan and boast their various economies. This can only be
achieved by introducing a robust technique capable of
distinguishing each enumerated individual and guard against
such as multiple-enrollment of persons. The existing
approaches to security management by various agencies and
sectors focused on the use of possession (card, token) and
knowledge-based (password, username) strategies which are
susceptible to forgery and other activities of fraudsters [15].
To overcome this shortcoming, the use of human metrics for
recognition should be embraced.

Sequel to the state of earth in the literature on population
census, this work aimed at developing a multimodal
biometric approach to census. A biometric technology helps
to detect individuals who may attempt to compromise the
process of enumeration by presenting for re-count in
different areas mapped for census. Biometric is defined as
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human recognition based on physical or behavioral traits [6].
It can be grouped into two categories based on its application.
It is namely, the verification and identification mode.
In verification mode (authentication), the biometric
information of individuals who claims a certain identity is
compared with his own biometric template stored in the
system database usually called a one to one comparison (1:1).
In identification mode, the system identifies an individual by
searching the templates of all the individuals whose
templates are stored in the database. This is a one to many (1:
n) comparisons. Biometrics system of recognition is usually
of two different modes namely single-modal systems and
multimodal systems. Single-modal system uses only one trait
for recognition, however, close to 8% of people cannot use it
due to the problem of non-universality [18]. Single-modal
biometric is not usually accurate for authenticating large
population. Each single-mode biometric technology has its
strengths and limitations, and no single biometric is expected
to effectively satisfy the requirements of all verification or
identification applications [17].

Multimodal system combines more than one trait for
recognition. A multimodal system uses more than one trait so
that any abnormality in one trait can be overcome by the
other. For example, in Nigeria, there are individuals who
lack certain human features such as palm, fingerprint, legs
and so on; this individual are still living despite their
deformity. Such individual will benefit so much from the
adoption of multimodal biometric for recognition in census.

Multimodal biometric systems have not been used in most
organizations especially those assigned to capture all citizens;
no provision for those lacking fingers or any other features so
that all eligible citizen can be enumerated without difference
[11]. The objectives of this paper are to formulate a
multimodal biometric model for population census, simulate
the model and to evaluate the performance of the model.
Section 2 lists existing works around population census and
biometric. Section 3 describes the experimental methods
used in carrying out this study with the model formulation
and simulation. Section 4 reports the result of the evaluation
and section 5 presents the conclusion of the work.

2. Existing Work on Population Census
and Multimodal Biometrics

Several works have been carried out in population census
and multimodal biometric. There are various scenarios that
are possible in multimodal biometric systems using
fingerprint, face and iris features, the different level of fusion
that are possible and the integration strategies that can be
adopted to combine information and improve overall system
accuracy [17]. It is further stated that for larger user
population systems having more than tens or hundreds of
millions of subject images already enrolled in the matcher
databases and equally must process more than hundreds of
thousands of requests; such system’s identification accuracy
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is highly important.

A description of data processing method adopted for
Nigeria’s 2006 census exercise was conducted [13]. The
2006 population count was the last conducted in Nigeria.
Scanning technology was fully deployed in the data
processing. After the census, forms (questionnaires) used to
collect data were received at designated data processing
centers (DPC). The forms were scanned into the computer
systems to record enumerated individual’s representation in
the census database. From this method, tendency of filling
separate form for an individual is possible.

A census data collection system was designed and
implemented [35]. A client tool with personal digital
assistant (PDA) device was used. The device has a census
application which is used to collect information about
individuals. The use of only personal digital assistant (PDA)
device for authentication cannot justify the overall outcome
of a population census as people may represent themselves at
different enumeration centers across the country and supply
irregular bio-data for inflating results of regions.

Biometric approach to population census conduct and
national identification in Nigeria was proposed [4]. The
paper analyzed the importance of statistical knowledge of
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Nigeria’s population in terms of planning and development.
It suggested and buttressed the significance of biometric
system for data collection during census. A biometric system
for data collection was suggested for carrying out population
count; however, the paper only presents an overview of
population census conduct in Nigeria and suggests biometric
approach to having an authentic and trustworthy census data.

Furthermore, a two-modal biometric system efficient for
authenticating persons and eliminating possibility of double
registration was conducted [21]. The author combined face
and fingerprint characteristics of individual. Fusion at
feature extraction level was adopted in this work. Fusion
before match is the act of integrating multiple templates
before subjecting the template to the matcher engine which
implies that if two different individuals has the same fusion
value, then the system fails to accept subsequent fusion
values.

Over the years, several techniques have been adopted to
address the problem of multiple count during census.
However, the problem still lingers and culminate into
rejection of some of the results thereby negating the purpose
of census. The need for a model that uniquely identify
enumerated individual arises; hence this study.

. Feature
Extract

DEMOGEAPHICS
INFORMATION

Figure 1. Proposed Model
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The proposed work focused on optimally reducing
multiple counts during census enumeration. The work
adopted a fusion after match technique. In Nigeria, the fear
of subjecting fingerprints for recognition by individuals has
been noted to be a challenge during biometric enroliment. As
people are afraid of contacting disease via the scanner as lots
of individual are enrolled via a single fingerprint scanner
serially without the surface of the machine being cleaned.
Some people may feel offended about placing their fingers
on the same place where other people have touched while
some people are observed to have damaged fingerprint
surface [2]. The Ebola virus was introduced into Nigeria on
20 July 2014. A Liberian man infected by the epidemic of
Ebola virus disease (commonly known as "Ebola") arrived
by airplane into Lagos which is the Africa's most populous
city. The man died in the hospital five days later, after he had
set off a chain of transmission. Ebola virus is spread through
direct contact with the body fluids (including but not limited
to sweat) of a person who is sick with it [8]. This implies that
any affected Ebola patient with damaged fingerprint has
possibility of transmitting the virus to subsequent enrolled
individual with (or without) damaged fingerprint. The
critical examination of the shortcomings observed during
fingerprint enrollment in Nigeria with other existing facts
lead to the selection of iris and face biometrics for this
research as the two features do not require
enumerator-to-individual body contact. This will also help in
overcoming difficulties in enrolling some aged individuals
who find it difficult placing their fingers aright on fingerprint
scanners at the point of capture. It was assumed that all
human possesses facial appearance however the look. It was
equally observed that application of facial make-up, hair
weave-on, hair-cut, eye glass, heavy jewelries and forged
tribal marks may change the look of a person. If a person
who has no finger can alter his or her facial look from the

initial capture, such person might be counted more than once.

These lead to selection of a physical feature with biological
feature for multiplicity removal unlike combining fingerprint
and face physical feature [21].

Some advantages have been sighted with the use of iris as
biometric identification [19, 25]. Iris is said to be an internal
organ that is well protected against damage and wear by a
highly transparent and sensitive membrane (the cornea) and
this distinguishes it from fingerprints which can be difficult
to recognize after years of certain types of manual labor.
Iris has a fine texture that-like fingerprints-is determined

randomly during embryonic gestation. In addition,
genetically identical individuals have completely
independent iris textures, whereas DNA (genetic

"fingerprinting") is not unique for about 0.2% of the human
population who have a genetically identical twin. Iris has
shown good accuracies in multiple large scale deployments
[17]. Iris is reliable due to its uniqueness and stability [10].
Iris recognition is the most accurate and reliable biometric
identification system available among other biometrics
technique because even the both iris of same individual is
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different [32]. Iris part consist of patterns desired for
authenticating persons [34]. The texture of iris is very
complex, which carries lots of different information that can
be used for identity recognition and it is formed during
embryonic and becomes stable after two years [36]. Iris scan
uses high resolution digital camera usually illuminated with
light. Face is recorded as the most popular biometric
modality used by humans [31]. The general overview of the
proposed model is presented in Figure 1. The process
commenced with loading of both iris and face images, the
images are preprocessed and passed to the feature extraction
engine. The images were converted to gray images (. pgm)
using IrfanView. It was the first window graphic viewer
worldwide with multiple-GIF Support. Normalization was
done to remove the abnormalities e.g. noise. Resizing of the
image was carried out to attain equal dimensionality for
managing variations. Principal component analysis was used
to locate the region of interest in the face while iris
localization was done. Facial features were extracted and
decomposed into uncorrelated and orthogonal components
known as eigen face. The extracted templates were passed to
the matching module, which takes the extracted templates as
input and compares it to stored templates. Templates are
numerical representations of key points taken from human's
body used to identify individuals. The result is a match score,
which is further used by the decision module to decide (using
a set threshold to determine) whether the presented samples
match is new or existing in the stored template. Identification
mode was employed in searching a similar template in the
databases. The output of the decision is a binary match or
non-match. The weighted sum average of the existing
matching template was computed and distance compared to
the threshold. A combination approach can be described as a
situation where the individual matching scores are combined
into a single score for decision making [30]. Combinational
approach was used in this work. The accepted binary match
from the iris module and face module was combined with the
demographic data and passed as a single entity for
representation in the census database. Score normalization
was carried out to transform the scores of the individual
matchers into same length.

3. Methodology

3.1. Data Collection

In this study, a total number of one hundred and twenty
120 datasets of face and iris was used. Forty (40) templates
were used for matching while sixty (60) templates were used
for training. A duplicate of stored templates was generated to
test the performance of the system. A high definition image
capture device was used to collect iris images while digital
camera was used to collect facial images. Primary data was
used for this work. The images were captured with a white
background and in jpeg format.
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3.2. Model Formulation

One of the objectives of this study is to formulate a
multimodal biometric model. In this paper, Galton theory
was used for the model formulation. As an investigator of the
human mind, Francis Galton founded psychometrics (the
science of measuring mental faculties) and anthropometry.
Anthropometric measurements are used to assess the size,
shape and composition of the human body. The model
formulation for this study integrates iris and face of same
individual with bio-data of such individual. In formulating
the model, “OR” rule was applied where each enumerated
person can be verified using either iris or face modality.

Let B denotes a given multimodal biometric model
having | as iris recognition system, F as face recognition
system and D, as demographic data. § is as stated in
Equation 1.

B=1+F+D, M

3.2.1. Iris Biometric Model

The iris single-modal model, 1, gives the hamming
distance (HD) between new iris image and the stored iris
template(s) for the existing images k =1, 2, 3, 4, ...n in the
iris database. Thus, | can be represented by discrete function,
as shown in Equation 2.

1wj o'
I=- =1 1k [XOR] I )

Where | is the sum of disagreeing bits comparing the two
bit-wise templates, j is the total number of bits in the pattern
and k representing number of templates.

3.2.2. Face Biometric Model

The face single-modal model, F, gives the Euclidean
distance between a new face image and eigen-face
template(s) for the existing k = 1, 2, 3, 4, .... n in the face
database as represented in Equation 3. Thus, F can be
represented by similarity function as shown in Equation 3.

a Iris Recognition Module -

F= J(Fz’ ~FR) + F-Fy ) (3)

3.2.3. Demographic Data

These are data about enumerated individuals. The
demographic data also called bio-data enlists data such as
title, surname, other names, email, mobile number, gender,
marital status, age range, state of origin, local government
area, occupation, nationality, place of birth, date of birth,
residential address, educational qualification, location during
census, religion and identity number. It is denoted as D;for
existingi=1,2,3,4....... n of individuals.

Therefore, the proposed multimodal biometric model
combining iris, face and demographic data can be denoted as
stated in Equation 4.

1 Jj
B = (G ) 1 XORI) +
J k=1

(J(Fz' —F) + (P Fy )2>)+ D (4)

3.3. Model Simulation

The multimodal biometric model for population census
was simulated using MATLAB 8.1.0.604 (R2013a)
environment. MATLAB functions were written and run to
implement the biometric based multimodal census model.
MATLAB is a proprietary product of Math Works
incorporation. It is a high-performance language used for
technical computing. It integrates = computations,
visualization and programming in an easy environment
where problems and solutions are expressed in familiar
mathematical notation and terms. Simulation was carried out
based on one hundred respondents, while 20 sample values
were used for validation and evaluation to check multiple
matches.
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Figure 2. Module for Newly Enroll Iris
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Figure 6. Module for Multimodal Biometric Model for Population Census

Figure 2 represents the iris biometric module for new
template while Figure 3 represents the iris biometric module
for multiple templates. The iris single-modal module
segment and calculate mean average based on existing
images in the iris database. Furthermore, Hamming distance
was employed to determine the degree of dissimilarity
between the new and existing template. The face
single-modal module was subjected to processes such as
feature extraction for obtaining binary image, eigen face was
derived and euclidean distance calculated to ascertain the
authenticity of template. Figure 4 and Figure 5 represent the

face module for the new enrollment and multiple enroliments.

Figure 6 shows the interface of the proposed multimodal
biometric model for population census. The module loads
the iris, face and demographic information of same enrolled
individual and generate the resulting fusion value which
serve as the individual system identification value. This
value is unique to every enumerated individual as no two
individuals can possess same iris, face and demographic
information.

4. Results

4.1. Performance Evaluation

Evaluation helps to ascertain the effectiveness, efficiency
and accuracy of models. Certain scores (weights) are usually
used to express the similarity between a pattern and a
biometric template. The higher the score, the higher the
similarity between the template’s. Access to the system is
granted only, if the score for a trained person or the person
that the pattern is verified against is higher than a certain
threshold. The goal of every multimodal biometric system is
to reduce one or more of false accept rate (FAR), false reject
rate (FRR) and equal error rate (EER). The proposed model
was evaluated using three performance metrics i.e. false
acceptance rate (FAR) and false rejection rate (FRR) and
equal error rate (EER). False acceptance rate is also called a

type Il error. FAR helps to determine the accuracy level of a
biometric system. It is the mistake occasionally made by
biometric systems. In an instance of false acceptance, an
unauthorized person is identified as an authorized person.
False rejection rate (FRR) is also called a type | error. FRR is
the instance of a security system failing to verify or identify
an authorized person; it is occasionally made by biometric
systems. In an instance of false rejection, the system fails to
recognize an authorized person and rejects that person as an
impostor. However equal error rate (EER) is achieved when
the score distributions overlap i.e. the FAR and FRR
intersect at a certain point and the lower the EER, the better it
is for the system's performance, as the total error rate which
is the sum of FAR and FRR at the point of EER decreases.
The matching algorithm uses a threshold which determines
how close to a template the input must be for it to be
considered a match. This threshold value is in some cases
refers to sensitivity, it is marked on the X axis of the plot.
When the threshold is reduced, there will be more false
accept errors (high FAR) and less false reject errors (low
FRR); a higher threshold will lead to lower FAR and higher
FRR. EER is the point at which FRR equals FAR and it is
considered the most important measure of biometric systems
accuracy. The iris single-modal model gave an equal error
rate (EER) of 0.44% as in Figure 7 while face single-modal
model gave 0.19% as depicted in Figure 8. A minimum EER
is 0.18% is attained for iris-face multimodal model as shown
in Figure 9 compared to the single-modal case of iris and
face model. Accuracy is the most important factor of a
biometric identifying verification system. If the system
cannot accurately separate authentic persons from impostors,
it should not even be termed a biometric system. Threshold is
a value, predefined by the system administrator which is
used to decide the authenticity of a person as shown in
Equation 6; and it goes in hand with false rejection rate and
false acceptance rate in a biometric system.
Maximum — Minimum
Th :( Minimum ) t1 ®)
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4.2. Data Description

Face width was resized to 92 by 4 while the height was
resized to 112 by 4 and saved as a portable gray image (. pgm)
extension. The images are measured in pixels. Table 1 shows
some of the enumerated images with corresponding
multimodal value. It can be observed from image_444 and
image_666, that same fusion value was recorded except the
demographic data; this is one of the significant of this work
compared to technique of fusing before matching as
mentioned earlier. Considering a situation where fusion is
done before match, the iris single-modal value and face
single-modal value will be indeterminate. From Table 1,
images with serial number (S/N) 1 to 10 are initial images
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subjected to enrollment while images from serial number
(S/N) 11 to 20 are replicate image from the initial enrollment.
This process was carried out to test the accuracy of the
system. It can be seen that | value for replicate images (S/N
10 to 20) is higher than | value for real images (S/N 1 to 10).
For example, | value for Image 3 is lower than that of
Image_333 and Image_27 is lower than Image_277 etc. Also
for F value, real images (S/N 1 to 10) are higher than
replicate images (S/N 10 to 20). These implies that as F
approach “0”, it signifies multiple persons’ enumeration
while as | approach “0”, it signifies different persons’
enumeration. This makes | and F are inversely related.
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Table 1. Enumerated Images with Corresponding Multimodal Biometric
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Figure 9. Equal error rate (EER) for Iris-face Multimodal Model

Value (8)
SIN Images 1 F D; p
1. Img_3  0.296729 0.493938 Ds 0.790667D3
2. Img_4 0.255255  0.266660 Dy 0.521915D,
3. Img_6 0.185315 0.357577 D¢ 0.542892D4
4. Img_7 0.346626  0.310330 D 0.693564D;
5. Img_9  0.495833 0.371142 Dy 0.866976Dg
6. Img_11  0.234848 0.164292 Dy 0.399141Dy;
7. Img_20  0.429620 0.193639 Do 0.623259D;
8. Img_24  0.241573  0.200205 Dy 0.441778D,,
9. Img_25 0.273333 0.318386 Dys 0.571719D5
10. Img_27  0.242236  0.198649 Dyr 0.440885D,;
11.  Img_333 0.296460 0.157174 D222 0.453634D,,,
12.  Img_444 0.262857 0.157322 Daaa 0.424246D 444
13.  Img_666 0.233974 0.190272 Dess 0.424246Dgs
14. Img_777 0.354938 0.179214 D77 0.534152D777
15.  Img_999 0.495848 0.173085 Dogg 0.668933Dggq
16. Img_111 0.310924 0.120693 D1 0.431618D111
17.  Img_200 0.409430 0.110770 D2oo 0.520200D 200
18. Img_244 0.273388 0.153083 Daus 0.426471D g4
19. Img_255 0.313187 0.180924 Dass 0.494111Ds5
20. Img_277 0.242238 0.198646 Darr 0.440884D,7;

In addition, Table 2 shows the threshold with the false
acceptance rate (FAR) and false rejection rate (FRR). The

12

33

Usually for 1-FRR is usually plotted on the x axis against
sensitivity (threshold) on y axis. It is observed from the table

that the threshold increased along serial images numbered 1
to 21. Values under column 1-FRR reduces with FAR as it
ascends while FRR increases.

Table 2. Shows Threshold with Corresponding False Acceptance and

False Rejection Rate

smallest cutoff value is the minimum observed test value

minus 1, and the largest cutoff value is the maximum
observed test value plus 1. All the other cutoff values are the
averages of two consecutive ordered observed test values.

SIN Threshold 1-FRR FAR FRR
1 0.000000 1.000000 1.000000 0.000000
2. 0.373334 1.000000 0.909000 0.000000
3. 0.411694 0.909000 0.909000 0.091000
4. 0.432564 0.909000 0.727000 0.091000
5. 0.441330 0.909000 0.636000 0.091000
6. 0.447706 0.818000 0.636000 0.182000
7. 0.457504 0.818000 0.545000 0.182000
8. 0.477742 0.818000 0.364000 0.182000
9. 0.507151 0.818000 0.273000 0.182000
10. 0.521052 0.818000 0.182000 0.182000
11. 0.523767 0.727000 0.182000 0.273000
12. 0.529886 0.636000 0.182000 0.364000
13. 0.538522 0.636000 0.091000 0.364000
14. 0.567306 0.545000 0.091000 0.455000
15. 0.607495 0.455000 0.091000 0.545000
16. 0.641195 0.364000 0.091000 0.636000
17. 0.676343 0.364000 0.000000 0.636000
18. 0.713192 0.273000 0.000000 0.727000
19. 0.761744 0.182000 0.000000 0.818000
20. 0.828822 0.091000 0.000000 0.909000
21. 1.000000 0.000000 0.000000 1.000000
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4.3. Result Discussion

It can be deduced that the equal error rate (EER) for the
score-level fusion of iris-face multimodal biometric model is
reduced compared to equal error rate (EER) of single modal
of iris and face model. The proposed multimodal model
outperforms a single-modal biometric model of iris and face
by 59.09% and 5.26% respectively. The receiver operating
characteristic (ROC) curve is created by plotting sensitivity
against 1-specificity at various threshold settings. Figure 10
represents the ROC curve for the iris single-modal biometric
model while Figure 11 represents the ROC curve for face
single-modal biometric model and Figure 12 represents the
ROC curve for iris-face multimodal model. An increase in
sensitivity is accompanied by a decrease in specificity and
the closer the curve follows the left-hand border and the top
border of the ROC space; the more accurate the test is while
the closer the curve to the 45-degree diagonal of the ROC
space, the less accurate it becomes. Any increase in
sensitivity is accompanied by a decrease in specificity. The
closer the curve follows the left-hand border and then the top
border of the receiver operating curve (ROC), the more
accurate the test becomes while the closer the curve to the
downward right the diagonal of the ROC space, the less
accurate it becomes. However, this study records 80%
accuracy for iris single-modal model, 92% accuracy for face

single-modal model and 84% for iris-face multimodal model.

Therefore, iris can be categorized as “sufficient” condition
while face as “necessary” condition.

Development of a Multimodal Biometric Model for Population Census

Despite the reduction and advantage brought by
multimodal system in false accept rate (FAR), false reject
rate (FRR), failure to enroll rate (FTE) and susceptibility to
artifacts or mimics; it should be noted that multimodal
system increases cost of sensor and equally lengthens time of
enrollment and transit [17].

Currently, multimodal biometric is adopted in Nigeria by
National ldentity Management Commission (NIMC) using
face, signature and fingerprints. NIMC registration has run
into months and its enrollment is on-going. Similarly, the
Central Bank of Nigeria (CBN) introduced a centralized
multimodal biometric system for the banking sector termed
bank verification number (BVN) in the year 2014 using same
feature as NIMC; the biometric enrollment had cut across
years for its enrollment and it was noted that the due
date was postponed on several occasions. Also, Nigeria
Communication Commission (NCC) is not left behind as it
adopted face and ten fingerprints for registering its clients
through its subscriber identification module (SIM).
Multimodal system has contributed immensely to voter’s
registration in Nigeria through its body named Independent
National Electoral Commission (INEC). However, with the
huge benefit offered by multimodal biometric systems in
handling largely populated database in NIMC, CBN, NCC
and INEC registration; it is obvious that cost management
should not hinder its adoption in census through its body
National Population Commission (NPC) with respect to the
role authentic census data is noted to play in any country’s
economy especially in the current period of global recession.

g 7

I-FRR

FAR

Figure 10. ROC Curve for Iris Single-modal Model
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Figure 12. ROC Curve for Iris-face Multimodal Model

5. Conclusions and Recommendations

As basis for revenue allocation and allocation of scarce
resources, census has always generated different forms of
controversies, ethnic antagonism and politization. This led to
states struggling towards inflation of census figures to gain
numerical strength through enumerators conducting multiple
counts of individuals. It is in this regard that this research
was conducted. The proposed multimodal biometric model
has contributed to existing works on population census by
integrating iris and face multimodal biometric to distinguish
enumerated persons. The work is unique as it can be used in

any government database to remove multiple individuals or
ghost representation.

It is suggested that further research work be directed
towards addressing content errors during population census
exercise.
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