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Abstract

Background: Anthropology is the study of human
!nology and culture. This study aims to develop an
image-processing  algorithm for computing
;l:]tl]fg)pOlIlctl'ic mcasurements in  forensic
mvestigations in order to produce car biometric
databascs of Hausas and Yorubas of Nigcria.
Materials and methods: Hausas of Kebbi State (150
males and 150 females, aged 18 to 36 yecars) and
Yorubas of Osun State (150 males and 150 femalcs,
aged 15 to 33 ycars) were sclected as subjects after
their informed consents were obtained and when
cstablished as Hausas or Yorubas by parents and
grandparents.  Height, Bodywcight and
ccphalometric paramcters (evaluated on car
photographs) were measured on all subjects. The
Akinlolu-Raji image-processing algorithm uscd in
this study was developed using modified computer
programming principle of row method. Ear Length,
Length of Ear Insertion, Ear Breadth, Ear Index,
lannarclli System (1 - 12) of Ear Biometrics and

Naso-aural proportion computed from rcadings of

the Akinlolu-Raji image-processing -algorithm were
analyzed using z-test (<0.05) of 2010 Microsoft
Excel statistical software.

Results: Statistical analyses showed non-significant
higher values (2>0.05) in Hausa and Yoruba malcs
compared to females in most car paramceters. Non-
significant higher values (£>0.05) of car parameters
were observed in Yorubas compared to Hausas in
both gender. Naso-aural proportions wcerc non-
significantly higher in Hausa malcs compared to
females, lower in Yoruba males compared to females,
higher in Hausa males compared to Yoruba males and
lower in Hausa females compared to Yoruba females.
Conclusions: The developed Akinlolu-Raji image-
processing algorithm can be employed for computing
anthropometric, forensic, diagnostic or any other
measurements on 2-D and 3-D images, and data
computed from its readings can be converted (o
actual or lifc sizes. Males have higher car sizes
compared_to females in Hausas and Yorubas. In
addition, Yorubas of Osun State have higher car sizes
compared to Hausas of Kcbbi State in both gender.
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Résumé

Contexte : Lanthropologic est I’¢tude de la biologic
¢t de la culturc humaine. Cette ¢tude visc a
développer un algorithme de traitement d’image pour
le calcul de mesures anthropométriques lors des
enquétes criminologiques afin de créer des bases de
données biométriques auriculaires sur les Hausas ct
les Yorubas du Nigéria.

Matériels et méthodes : Les Hausas
de I'Etat de Kebbi (150 hommes et 150 femmes dgés
de 18 4 36 ans) et les Yorubas de I'Etat d’Osun (150
hommes ¢t 150 femmes de 15 a 33 ans) ont ét¢
sélectionnés comme sujets aprés quc leur
consentement a ¢té obtenu et quand établis cn tant
que Hausas ou Yorubas par les parents ct les grands-
parents. Les paramétres de taille, de poids corporel
ct céphalométriques (évalués sur des photographies
de ’orcillc) ont été 'mcsurc's sur tous les
sujets. L algorithme de traitcment
d'images Akinlolu-Raji utilis¢ dans cctte ¢tude a ¢té
développé cn utilisant le principe de programmation
informatique modifi¢ de la méthode des
lignes. Longucur de loreille, longucur de I"insertion
de 1'orcille, largecur de 1'orcille, indice de
I’oreille, systéme lannarelli (1 - 12) de la biométric
de "orcille ct proportion auriculo-nasale calculéc a

‘partir de la lecturc de I'algorithme de traitement

d’images Akinlolu-Raji ont été analysés a I” aide du
test z (P d” 0,05) du logicicl statistique Microsoft
Excel 2010.

Résultats: Les analyscs statistiques ont montré des
valeurs supéricures non significatives (P> 0,05) chez
les hommes hausa et yoruba par rapport aux femmes
pour la plupart decs paramétres auriculaires.
Des valcurs  non  significativement  plus
¢levées (P> 0,05) des paramétres de oreille ont
é1¢ observées chez les Yorubas par rapport aux
Hausas parmi les deux sexes. Les proportions
auriculo-nasales ¢taient non significativement plus
¢levées chez les hommes que les
femmes hausa, plus bas chez les hommes que
les femmes Yoruba, élevé  chez les hommes
hausa par rapport aux hommes yoruba ct moins
chez les femmes hausa que Ies femmes yoruba.
Conclusions: L algorithme de  traitcment
d’images développé par Akinlolu-Raji peut ¢étre
utilisé pour calculer des mesures anthropomeétriques,
criminologiques, diagnostiques ou toutc autre mesurc
sur des images 2D ¢t 3D, ct les données calculées a
partir de ses lectures peuvent étre converties en tailles
actuclles ou réelles. Les oreilles des hommes sont
plus grandes que cclles des femmes chez les Hausas
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ct les Yorubas. En outre, les Yorubas de I'Etat
d'Osun ont unc taille d’oreille supéricure a celle des
Hausas de I'Etat de Kebbi entire les deux sexcs.

Mots clés: Oreille, Biométrie, proportion auriculo-
nasale, Yoruba, Hausa, aleorithme de traitement
d'image, enqudtes criminologiques

Yoruba, Hausa, Image-processing algorithm,
Forensic investigations

Introduction

Anthropology is the study of human biology and
culture while forensic anthropology deals with the
cstablishment of human identity. [1] The car is
dircetly related to the face and is of relevance in
biometric studics and craniofacial surgical
reconstructions [2.3]. The car is the organ of hearing,
and 1s involved in the maintenance of cquilibrium
and balance [2.3]. Itis divisible into three parts, the
external, middle and internal car [2.3]. The shape
or appearance of the outer car had long been noted
as a uscful physical feature for forensic identification
by law enforcement officers [4-6]. The car becomes
a very uscful biometric feature when the face may
become not completely recognized duc to
illumination changcs, facial cxpression changes, cye
glasses and facial makc-up [4-6]. The car could
casily be captured from a distance cither in
cooperative or non-cooperative subjects, hence car
biometrics is an interesting feature of surveillance
investigations [4-6]. Furthermore, the usc of
carmarks or car prints left in crime scenes in criminal
trials is expanding [ 7], which further emphasizes the
role of car biometrics in forensic identifications of
individuals.

Nigeria is comprised of over two hundred
and fifty cthnic groups [8], with the Hausas, lgbos
and Yorubas as the threec major cthnic groups
constituting more than 60 percent of its population
[8]. Thercfore, to provide further information on car
cephalometry and to pioncer the usc of face
rccognition technology in Nigeria, this study aims
to develop an image-processing algorithm which can
be used to compute cephalometric measurements for
face recognition of individuals of any cthnic group.
In addition, this study aims to provide a preliminary
forensic car databasc of Hausas and Yorubas.

Materials and methods

Pilot-study

A pilot-study was conducted to determine the
rcliability of the developed Akinlolu-Raji image-
processing algorithm using 40 Yoruba subjects (20
males and 20 females), aged 15 1o 23 years, who
were undergraduate students of Osun State School
of Health Technology, llesa and Osun State

Umiversity. Okuku Campus. Informed consents of
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subjects were obtained in accordance with cthical
eurdelines of the Helsinki Declaration of 1975, as
revised in 2000, Facial parameters cvaluated from
rcadings ol the algorithm on three-dimensional (3-
D) facial photographs were converted to life sizes
and the results were statistically compared using t-
test of the Statistical Package for the Social Science
software Statistics 23, with mecasurcments of same
[acial parameters computed from readings of the
Vernier Caliper (onc-dimensional or 1-D
anthropometry).

Pairwisc comparative statistical analyses of
computed mean values of cephalometric paramcters
(Mcan = SD) in millimeters between Vernier Caliper
(1-1 anthropometry) and the developed Akinlolu-
Raji  image-processing  Algorithm  (3-D
anthropometry) measurcments in male and female
control subjects showed lower or higher, but no
significant differences (£,>0.05) in 100% of
measurcd parameters: Total Face Height (trichion
to gnathion), Forchcad Height (trichion to nasion),
Upper Facc Heceight (trichion to subnasalc),
Morphological Face Height (nasion to gnathion),
Nosce Height (nasion to subnasale) and Lower Face
Height (subnasale to gnathion). (Figurce 1). The
Bonferroni correction (£,) method was cmployed to
reduce the chances of obtaining false-positive results
(type I errors) declaring wrong significant difference
when no significant difference exists. [9,10].

Selection of subjects and determination of sample
Size

Letters of approval for conduct of the study were
received from managements of Kebbi State
University of Science and Technology, Alicro;
Adamu Augic College of Education, Argungu;
School of Health Technology, Jega and Kebbi State
School of Nursing and Midwifery, Birnin Kebbi,
from where Hausa subjects (150 males and 150
females, aged 18 to 36 years) were locally sclected;
and Osun State University, Okuku Campus from
where Yoruba subjects (150 males and 150 females,
aged 1510 33 years) were locally sclected for the
study using the purposive technique or judgment
sampling method, [11-15]only when established via
distributed questionnaires as Hausas of Kebbi State
or Yorubas of Osun State by parcnts and
grandparents. Informed consents were obtained from
sclected subjects in accordance with cthical
euidelines of the Helsinki Declaration of 1975, as
revised in 2000,

Data collection and evaluated ear parameters
Data on height and bodyweight, parents aund
grandparents cthnic origin, local govermment area,
state, ol origin and car photographs were obtained
from cach subject. Photographs of subjects were
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Lar bionnctrres and naso awral proportions

Fig. 1. Biomctric Mcasurcments of the Face.
tr=tnchion, n = nasion, sn = subnasale and gn = gnathion. TFH = Total Face Height, FI = Forchead Height, UFH = Upper Face
Height, NH = Nose Height, MFIT = Morphological Face Height and LFH = Lower Face Height.
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Fig 2, Cephalometre featur - ; Ty .‘ — T Obi
ctoe features of the Ear. “
i = superaurale, sba = subaurale, obs = otobasion superius and
obi = otobasion inferius.
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Fig. 3. Biometric Mecasurcments of the Ear.
Height (Length) of the Ear. (sa - sba)
Length of Ear Inscition: (obs - obi)
Ear Breadth: (cb - ¢b)
Ear Index: Ear Breadth/Ear Length X 100.

lannarelli | - 12 = lannarclli System of Ear Biometrics, sa = supcraurale,
sba = subauralc, ¢b = car breadth: obs = otobasion superius and
obi = otobasion inferius.

Fig. 4. Naso-aural Proportion.
Naso-aural Proportion: Nose Length (n - sn)/Ear Length (sa - sba).
n = naston, sn = subnasale, sa = superaurale and sba = subaurale.

sn




Far biom
taken with 3-D SONY Cyber-shot DSC-HX7V
camera (Sony Electronices Incorporated, San Dicgo,
USA) using moditied procedures for slznulzmliz?cd
plmmgraph,\'. [15] Ear parameters (in millimeters)
were computed from readings of the dey cloped
Akmlolu-Raji image-processing algorithm on car
photographs of cach subject. Measured height
(meters) in Hausas ranged from 1.6 - 1.9 in m:ﬁcs
and 1.3 - 1.8 in females while the range of
Bodyweight in Kilograms was 45 - 85 in mul& and
43 - 70 in females. Mcasured height (meters) in
Yorubas ranged from 1.5 - 1.8 in males and 1.2-1.7
i females while the range of bodyweight in
kilograms was 46 - 80 in males and 45 - 72 in females.
Height (Length) of the Ear (supcraurale -
subaurale), Length of Ear Inscrtion (otobasion
supcerius - otobasion inferius), Maximum Ear
Breadth, Ear Index, lannarelli System (1 - 12) of
Ear Biometrics and Naso-aural proportion were
evaluated in this study. (figures 2 - 4).

Development of Akinlolu-Raji Image-processing
algorithm for face recognition .
Akinlolu-Raji image-processing algorithm for
forensic face recognition was developed using the
modified computer programming principle of row
method. [16-18] In the row method, cach picture
clement (pixel) given by a number or three-set of
numbers called grey scale depending on the color
and texture of the image portion being represented,
was considered column by column along a row
until all the rows were covered. The grey scale of
cach cell was confirmed to represent the color of
the marked points previously set as the threshold
grey scale. The coordinates of any detected point
was noted and recorded [16-18]. Since some of
the detected points were not at same horizontal or
vertical levels, the Pythagoras theorem was used
to calculate the pixel distance before converting
to actual distance using the pixcls of the reference
points and their computed distances as read by the
Akinlolu-Raji image-processing algorithm [16-
18].

Statistical analyses

Data collected from measurements of car paramelers
and calculations of indices and proportions were
statistically analyzed using the 2010 Microsoft Excel
Statistical software. The two sample z-test method
(used when the sample size is > 30) was cmployed
for statistical significance pairwise comparisons of
computed means of car parameters by scx and tribe.
The alpha value for test of significance was sct al
P<0.05.

Hries (IIHI naso-aural /iI'tl/ll)I‘Ii(}Il\'
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Results

Ear biometrics hy gender

.S:l:ms'licnl analyses ol car measurements (Mcan +
S..D. i millimeters) in Hausas showed significantly
higher mean value (P<0.05) in 6.7% of measured
parameters: lannarelli 5, but non-significantly higher
mean values (P>0.05) in 46.7% of mcasured
parameters: Ear Length, Length of Insertion, Ear
Breadth, Tannarelli 3, 6, 9 and 10 in males compared
to females. (table 1). In contrast, there were non-
significantly higher mean values (2>0.05) in 46.7%
of mcasured parameters: lannarelli 1, 2,4,7, 8,11
and 12 in females compared to males (Table 3). The
car index was lower in Hausa males than in femalcs.
(table 1).

Analyses of car mcasurcinents (Mean+S.D.
in millimeters) in Yorubas showed significantly
higher mean values (£<0.05) in 26.7% of mcasured
paramcters: Ear Length, Length of Insertion,
lannarelli S and 11, but non-significantly higher mean
values (2>0.05) in 60% of measured parameters: Ear
Breadth, lannarclli 1,2,6, 7, 8,9, 10 and 12 in malcs
compared to females. In contrast, there were non-
significantly higher mean values (P>0.05) in 13.3
% of measured parameters: lannardli 3and4 in femaes
compared to males. (table 1). The ear index was lower
in Yoruba maes thanin females. (table 1).

Ear biometrics by tribe
Statistical analyses of car measurements (Mcan =
S.D. in millimeters) showed non-significantly higher
mcan valuc (P>0.05) in 6.7% of mcasured
parameters: lannarelli 3 in Hausa males compared
to Yoruba malces. In addition, there were significantly
lower mean valucs (P<0.05) in 26.7% of mecasured
paramecters: Ear Breadth, lannarclli 6, 7 and 8 in
Hausa males compared to Yoruba malcs. (Table 2).
There were non-significantly lower mcan values
(P>0.05) in 66.7% of measured parameters: Ear
Length, Length of Insertion, lannarelli 1, 2, 4,5, 9,
10, 11 and 12 in Hausa males compared to Yoruba
males (table 2). The car index was lower in Hausa
males than in Yoruba males. (table 2).
Comparative statistical analyses of car
mecasurcments (Mcan £ S.D. in millimeters) showed
non-significantly higher mean values (£>0.05) in
20% of measured parameters: lannarelli 10, 11 and
12 in Hausa females compared to Yoruba females.
In addition, there were significantly lower mcan
values (£<0.05) in 13.3% of mcasured parameters:
lannarclli 7 and 9 in Hausa females compared to
Yoruba females. (Table 2). There were non-
significantly lower mean values (P>0.05) in 66.7%
of measured parameters: Ear Length, Length of
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Table 1. liar Biometrics (Mcan + S.D.) in millimeters by Sex in Hausas and Yorubas,
Cephalometric Hausa Sig. Dif. Yoruba Sig. Dif
Paramelers Malcs Females <0.05 Malces Females P<0.05
iiar Length 64.7 + 11 62.7+9.2 0.80 77+ 3.9 63.9+8.3 0.01
(sa - sba)

Ear Breadth 35.1 + 6.3 34.8+ 6.7 0.95 45.8 +4.7 41.1+7.0 0.24
(cb - ¢b)

Ear Index = 54.3 55.5 NIL 59.5 64.3 NIL
Ear Width/Ear

Length X 100 -

Length of 60.1£9.5 56.4+ 9.6 0.60 69.4+4.2 57.6+8.6 0.02
Inscrtion

(obs -obi)

lannarelli | 52+1.5 5.6+1.6 0.70 7.1 +£2.3 69+1.3 0.83
lannarelli 2 4.2 +0.6 4.9 +0.9 0.20 59+3.0 5.7+ 1.7 0.87
lannarclli 3 47+1.0 4.6 £0.5 0.96 46+2.0 49+ 1.8 0.81
lannarelli 4 45+0.2 S.1+1.1 0.30 5.0+2.1 6.3+22 0.39
lannarelli 5 15.7+ 3.7 1.1 £2.0 0.04 18.2+4.8 1.7 + 3.2 0.04
lannarelli 6 25.1+£5.8 21.4+54 0.30 34.7+29 29.5+5.9 0.11
lannarelli 7 129+ 3.7 14+ 4.0 0.70 259+ 1.9 23.8+ 5.6 0.50
lannarelli 8 7.9+2.6 8.1x1.4 0.90 11.5+ 1.8 9.0+ 1.6 0.05
lannarelli 9 11.6£4.0 99+2.0 0.80 15+ 3.0 13.9+£3.1 0.57
lannarelli 10 99+2.7 9.5+ 1.6 0.80 10.7+ 0.7 9.1+2.1 0.13
lannarelli 11 20.1+33 21.5+ 3.3 0.50 21.9+2.0 18.+2.4 0.02
lannarelli 12 13.8+3.6 16.2+1.5 0.20 15.5+£2.6 14.6 + 3.0 0.61

S.D. = Standard Dewviations of 1 50 determinations; Sig. Dift. = Significant Diflerence; £d™0.05 = z-test; sa = supcraurale;
sba = subaurale; ¢b = car breadth; obs = otobasion supcrius; obi = otobasion inferius and lannarelli | - 12 = lannarelli

Systen: of Ear Biomcrrics.

Inscrtion, Ear Breadth, Iannarelli 1,2,3,4,5,6and 8
in Hausa females compared to Yoruba females (table
2). The car index was lower in Hausa females than
in Yoruba femalcs. (table 2).

Naso-aural proportions by gender and tribe
Naso-aural proportion was higher in Hausa malcs
compared to females, but lower in Yoruba malcs
compared to females. Naso-aural proportion was
higher in Hausa malecs compared to Yoruba malcs,
but lower in Hausa females compared to Yoruba
femalcs. (Table 3).

Discussion

The obtained results of car mcasurcments (tables |
and 2) implied sexual dimi)rphism between males
and females of Hausa and Yoruba cthnic groups (with
males having higher computed valucs than females),
and that males differ from females in car sizes. This
is in agreement with the findings of carlicr studies,
which reported sexual dimorphism with malces
having highcr computed values than females in
comparisons of the mecan values ol mecasurements
of Ear Length and/or Ear Breadth, in male and female

adults in Maiduguri, Borno State [19], Hausas in
Kano, Kano State [20], Australians [21], Italians [22]
and India [23]. The results of car measurcments in
this study arc in disagreement with reported scxual
dimorphism, but with males having higher mean
valuc of Ear Width and lower mean value of Ear
Length in Urhobos of Abraka, Dclta State [24].
Sexual dimorphism between males and females
could be duc to gencetic factors, which vary with
gender and auricle expansion which begins carlier
in males than in females and which continuces till
older age [20].

In addition, results of car measurements
(tables 1 and 2), implied that Hausas and Yorubas
arc of similar car sizes. However, higher mean values
of measured parameters were observed in Yorubas
when compared to Hausas in both gender.

The computed mean values in millimetres of
Ear Length (64.7 in males and 62.7 in females), Ear
Breadth (35.1 in males and 34.8 in females), Length
ol Inscrtion (60.1 in males and 56.4 in females) and
Ear Index (54.3 in males and 55.5 in females) in
Hausas were similar, but higher than mean valuces of
the Ear Length (60.82 inmales and 59.46 i females),
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Table 2. Ear Biometries (Mcan + S D ) in nmillimeters by Sex
meters by Sex
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and Tribe.

(,c',,‘h‘”“::\‘::lm :\11!‘1;\1 \(?ru‘l?u Sig. Difr I~l:|usu Yoruba Sig. Diff.
Parame s Males P<0.05 Females Females P<0.05
Ear Length ULEE 4 77+ 39 0.05 62.749.2 639483 084
(st - sba) . R ;
[Far Breadth 35.1%46:3 45.8+4.7 0.02 34.8+ 6.7 41.1+ 7.0 0.19
(cb - ¢b) ' SRS '
Ear Index = 54.3 5.

Ear Width/Ear : o 3 e Wil
Length X 100

Length of 60.1+9.5 69.4 +4.2 0.08 56.4+9.6 57.6+£8.6  0.85
Inscrtion

(obs -obi)

lannarelli | 3% 15 11433 0.15 5.6+ 1.6 6.9+1.3 0.19
lannarelli 2 4240.6 5.943.0 0.25 49409 57£17 038
lannarelli 3 4.7+ 1.0 46+2.0 0.94 4.6+0.5 49+ 1.8 0.78
lannarelli 4 45+0.2 50+2.] 0.62 5.0+1.1 6.3+£2.2 0.33
lannarclli 5 13.7£3.7 18.2+4.38 0.40 1.1£20 11.7% 32 0.74
lannarelli 6 25.145.8 34.7+29 0.01 21.4+54 295459  0.05
lannarelli 7 129+ 3.7 259+19 0.00 14+ 4.0 23.8+5.6 0.01
lannarclli 8 79+2.6 [1.9% 1.8 0.03 8.1+1.4 90+ 1.6 0.36
lannarelli 9 11.6+4.0 5430 0.16 9.9+2.0 13.9+3.1 0.04
lannarclli 10 99+27 10.7+ 0.7 0.50 9.5+1.6 9.1£2.1 0.74
lannarelli 11 20.1+3.3 21.9+2.0 0.30 21.5£3.3 18.£2.4 0.09
lannarclli 12 13.8+3.6 15.5:% 2.6 0.41 6.2 1.5 14.6 + 3.0 0.29

S.D. = Standard Deviations of 150 determinations; Sig. Diff. = Significant Difference; Pd”0.05 = z-test; sa =
superaurale; sba = subaurale; eb = ear breadih; obs = otobasion superius, obi = otobasion inferius and lannarelli

1 - 12 = lannarelli System of Ear Biometrics.

Table 3. Naso-aural proportion by sex and tribe.

Cephalometric Hausa Yoruba

Parameters Malcs Females Males Females
Nosc Lenght 39+ 7.8 34+ 1.7 43+ 15 39+ 8.1
(nasion - subnasalc)

Ear Lenght 64.7+ 11 62.7+9.2 77+ 39 63.9+83
(supcraurale - subaurale)

Naso-aural Proportion = 0.60 0.54 0.56 0.61

Nose Lenght/Ear Lenght

S.D. = Standard Deviations of 150 determinations

Ear Breadth (30.85 in males and 29.82 in femalcs)
and Ear Index (50.81in males and 50.24 in females)
in Hausas of Kano, Kano Statc, aged 18 to 25 ycars
[20], Ear Length (56.73 in males and 56.80 in
females) of Urhobos in Delta State, aged 6 to 60
years [24], Ear Length (60.4 in males and 57.4 in
females) in Indians, aged 17 - 25 years |23 ] obtained
from 1-D anthropometry. Length of Insertion (49.3
in males and 44.3 in females) of Australians older
than 18 years of age [21] obtained from two-
dimensional anthropometry, lower in males, but higher

in females than the mean values of Ear Length (65.7
in males and 59.6 i fcmales) of Australians older
than 18 years of age, obtained from 2-D
anthropometry [21], and higher than the Ear Length
(61.93 inmales and 56.11 in females) of Ttalians, aged
I8 = 30 ycars obtained from 3-D anthropometry [22].
The computed mean values in millimetres of
Ear Length (77 in males and 63.9 in femalces), Ear
Breadth (35.1 in males and 34.8 in females), Length
ol Inscrtion (69.4 in males and 57.6 in females) and
Ear Index (59.5 in males and 64.3 in fecmales) in
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Yorubas of Osun State were similar. but higher than
the mean valuces of Ear Length (60.82 in males and
59.46 in females), Ear Breadth (30.85 in males and
29.82 in females) and Ear Index (50.81 in males and
50.24 in females) of Hausas in Kano, Kano State,
aged 18 10 25 ycars [20], Ear Length (56.73 in males
and 56.86 in females) of Urhobos in Delta State, aged
6 to 60 ycars [24], Ear Length (60.4 in males and
57.4 in females) in Indians, aged 17 — 25 ycars |23]
obtained from 1-D anthropometry, Ear Length (65.7
inmales and 59.6 in females) and Length of Insertion
(49.3 in malcs and 44.3 in females) of Australians
obtained from 2-D anthropometry older than 18 ycars
of age [21]and the Ear Length (61.93 in males and
56.11 in females) of ltalians, aged 18 — 30 ycars
obtained from 3-D anthropometry [22].

The observed differences in mean values of

car mcasurcments in this study (in Hausas, aged 18
to 36 ycars and Yorubas, aged 15 to 33 ycars)
comparced to those of previous 1-D anthropometric
studics could be duc to differences in anthropometric
methods, age differences of subjects selected in the
different studies, cthnic and regional variations.
The results of Naso-aural proportions
implicd greater Ear Length than Nosc Length in both
gender of Hausas and Yorubas. (Table 3). This is in
agreement with a previous study which reported
greater Ear Length than Nosc Length in African-
American females, aged 18 to 30 ycars. [25].
Similarly, Yorubas have greater mecan values of Ear
Length and Nosc Length than Hausas in both scexces.

Conclusions

The developed Akinlolu-Raji image-processing
algorithm can be cmployed for computing
anthropometric, forensic, diagnostic or any other
mecasurcments on 2-D and 3-D images, and data
computed from its rcadings can be converted to
actual or lifc sizes. Males have higher car sizes
compared to females in Hausas and Yorubas. In
addition, Yorubas of Osun Statc have higher car sizes
compared to Hausas of Kebbi State in both gender.

Recommendations for future studies

Biological determination of ancestral origins of

subjects should be carried out to provide delinitive
and representative anthropometric data as well as
determine the true nature of the heterogencity and
cthnic diversity of the Nigerian population.
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