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Objective: This research aimed to test the reproducibility and applicability of the human identification method
using photographs of the ears proposed by Cameriere et al. in a Brazilian sample.

Materials and Methods: Photographs of both ears of 115 participants were captured and evaluated by three
different examiners. The data obtained were submitted to Kendall’s Agreement Coefficient to assess interobserver
agreement, in addition to descriptive statistics to assess the proportions of the areas of each ear. The Wilcoxon
test was applied to determine the similarity of the proportions of the ear. To test the ability to identify a person
based on the parameters of the ear, the k-dimensional tree algorithm was used.

Results: There was a high interobserver agreement, and the size and proportions obtained between the ears were
similar, except for helix proportion. Thus, most of the parameters of an ear can be identified based on the pa-
rameters of the opposite ear, and that the parameters associated with the algorithm used can classify and group a
set of ears based on the similarity of their measurements.

Conclusion: It can be concluded that the method proved to be reproducible and useful as a method of human
identification in a Brazilian sample.

Introduction

The identification of living people is an increasing challenge due to
the occurrence of social problems such as theft and murder [1,2]. In this
context, images of good quality may comprise the only available and
suitable material to be used for human identification [1,2].

As they have been also described as a useful tool for the exclusion of
suspects in crime scene investigation [2], photographs of the ear can also
be used in the post mortem identification as it is a body region that has
individualizing characteristics that can remain preserved for some time
after death [3-5], although its application depends on the quality of the

material available for analysis [6-10].

Therefore, the use of ear images has been the subject of the research
that employs automated analysis [11-14]. However, if, on the one hand,
the use of computational tools makes the ear identification more reli-
able, on the other hand, its complexity can compromise its practicality
[6].

The human identification through images or photographs should be
performed by morphological comparison or superimposition individu-
alizing anatomical features or structures [15]. Nevertheless, in 2011,
Cameriere et al. [6] proposed a method of human identification by
images, which has the principle of calculating the area of certain regions
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of the ear. Furthermore, the method proposed stood out for the speci-
ficity and reproducibility found in an Italian sample.

Although photo-anthropometry is not currently recommended in
international guidelines, such as the one recommended by the Facial
Identification Scientific Working Group [15], the method by Cameriere
et al. [6] was tested in this article. Thus, this research aimed to test the
reproducibility and applicability of the human identification method
using photographs of the ear in a Brazilian sample.

Materials and methods

This study was approved by the Research Ethics Committee of the
School of Dentistry of Ribeirao Preto-University of Sao Paulo (Protocol:
06635019.8.0000.5419) and all participants were invited and consented
to participate. A total of 115 participants (43 male and 72 female) aged
between 18 and 60 years were part of the sample, all healthy and
without malformations or trauma history or pathologies in the ears. The
photographs analyzed did not present shadows, blur, or distortions that
would make it impossible to carry out the measurements.

To obtain the photographs, a camera EOS Rebel T6i (Canon® Inc.,
Tokyo, Japan) was positioned at a distance of two meters from the ear of
each participant. Both ears were photographed, which totaled 230
photographs. Each participant was seated in a chair positioned in an
environment with controlled lighting, which dispensed the use of the
camera flash. Furthermore, each participant had their hair tied by a
fabric strip, and the participants that were wearing earrings or piercings
were asked to remove them. Profile photographs of the participants were
obtained only once and in a standardized manner according to the
following technical specifications: ISO speed of 1600, shutter speed 1/
80, a focal length of the lens 35 millimeters, with automatic focus and
area pattern. In addition to adequate ambient lighting, each photograph
was saved in JPEG format with low compression to ensure the high
quality of the images.

To conduct the analysis, the software ImageJ (https://imagej.nih.
gov/ij/index.html) was used and each photograph was analyzed by
three observers without previous experience with ear identification,
where two of them were undergraduate students in Odontology, and the
other one was a Forensic Odontologist and Ph.D. student. Each observer
was trained, and according to the method [6], each ear was divided into
four regions (helix, antihelix, concha, and lobe) based on the arrange-
ment of two parallel lines in the horizontal direction and two parallel

Fig. 1. Photograph of the left ear of a female participant divided into the [A]
helix, [B] antihelix, [C] concha, and [D] lobe regions.
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lines in the vertical direction (Fig. 1). Then, corresponding the areas to
each of these regions were delimited and their values were obtained in
pixels.

The data obtained were organized in Microsoft Excel® spreadsheets
(Microsoft Corp., Redmond, WA, USA) and submitted to statistical
analysis. Python™ programming language (Python Software Founda-
tion, Beaverton, OR, USA) with a set of additional libraries was used to
conduct the calculations. To assess the agreement between the ob-
servers, Kendall’s Agreement Coefficient was applied. The proportions
of the areas of each ear region were assessed using descriptive statistics
(mean, standard deviation, minimum and maximum values). To deter-
mine the similarity of the ear proportions for a given person, the Wil-
coxon test was applied. To identify a person by his ears parameters were
used a k-dimensional tree algorithm (KDT) based on N nearest neighbors
principle with Minkowski distance metric with p-value=2 (Euclidean
metric). The KDT algorithm allows finding the N-size group of the most
similar objects by given parameters [16,17]. Results accuracy evalua-
tion was calculated using the Formula 1 developed in this research:

N (KDTn (yk) = )’k)
F(N) = N>0 1
M=2 © N >0, ®
Where:
KDT, - function to determine the most similar n® object and return
id;
y - identifiable object parameters;
y — valid object id;
N - group size of similar objects;
K — number of objects in the dataset;
1(x) — indicator function.
Results

The original dimensions of the measurements were used. Addition-
ally, the proportions of the ear areas were used to identify the possibility
of increasing the identification accuracy. Descriptive statistics for
averaged ear area measurements obtained by the three different ob-
servers are shown in Table 1, and the proportions of the ears areas are
shown in Table 2.

To determine agreement among observers was calculated Kendall’s
coefficient of concordance which ranges from 0 to 1, whichever is equal
to 1 means high agreement. The coefficient of agreement between the
three observers was described in Table 3.

To determine ears similarity for one person was calculated Wilcoxon
signed-rank for original ear size and their proportions. The results in
Table 4 shows that left and right ears for one person are mostly similar,
except for values for helix proportion.

KDT algorithm allows to identify a person by ears parameters in two
scenarios: by the similarity of the ears of one side (left ear per left ear);
similarity of opposite ears (left ear per right ear).

Opposite ear identification

When the parameters of the ear are known, it is possible to identify
the opposite (for the left ear, it is possible to identify the right and in the
opposite direction). The following data were used in the experiment:
Original size (mean)-average values by three observers with the original
size of ear areas; Proportions (mean)-proportions of the ear areas;
Original size (Observer 1)-values by first observer; Original size
(Observer 2)-values by second observer; Original size (Observer 3)-
values by third observer. The area proportions showed very close re-
sults compared to the original ones, for this reason, they were removed
from the final table. In this research, it was possible to identify the right
ear of each person by his left ear. The results of the experiment are
shown in Table 5.
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Table 1
Statistics parameters of the helix, antihelix, concha, and lobe for the whole sample averaged over three observers. The areas of regions are in pixels.
Area Left Right
Mean Standard deviation Minimum Maximum Mean Standard deviation Minimum Maximum
Helix 8612.4 2937.2 5255.0 26437.0 8460.2 2881.9 4399.0 26313.0
Antihelix 10892.3 3794.9 3227.0 25584.0 11030.6 3695.0 5123.0 24354.0
Concha 6792.6 2230.8 3677.0 15928.0 6837.1 2181.2 3886.0 16002.0
Lobe 7612.5 2382.0 4256.0 21206.0 7553.7 2091.7 4323.0 17775.0
Table 2

Statistics parameters of area proportions of helix, antihelix, concha, and lobe, concerning the total ear area, for the whole sample, averaged over three observers. The

area proportions of regions are in pixels.

Area Left Right
Mean Standard deviation Minimum Maximum Mean Standard deviation Minimum Maximum

Helix 0.26 0.04 0.18 0.38 0.25 0.03 0.16 0.34
Antihelix 0.32 0.05 0.15 0.49 0.32 0.05 0.20 0.46
Concha 0.20 0.03 0.14 0.29 0.20 0.02 0.14 0.26

Lobe 0.23 0.04 0.15 0.31 0.23 0.03 0.14 0.32

bl One side ear identification by different observers
Table 3

Kendall’s coefficient of concordance between three observers.

The same experiment was implemented for one side ear identifica-

Area Left Right tion where identifying the left ear was measured by one observer and
Helix 0.910 0.917 another observer. The results of the experiment are shown in Table 6.
Antihelix 0.979 0.977 The results in Table 6 shows that for the experiment “Original size-
Concha 0.965 0.958 Observer 1 and Observer 2” between first observer and second
Lobe 0-924 0871 observer ear identification accuracy for the first most similar ear will be
50.4%. The accuracy of these values was calculated using Formula 1. If
there is a group size of similar objects equal to 20, then the accuracy that
Table 4 the observer will have to find the original object will be 98.3%. Full
Ears similarity by wilcoxon signed-rank. results are shown in Fig. 3.
Area Original size Proportions
T p T p Opposite ear identification by different observers
Helix 2664.0 0.061 2446.5 0.013
Antihelix 2992.5 0.339 2804.0 0.138 Another experiment was conducted to test the possibility of identi-
Concha 3029.5 0.394 28305 0.206 fication using the opposite ear by different observers. The results of the
Lobe 3256.5 0.827 3188.0 0.800

Results in Table 5 shows that for experiment “Original size (mean)”
ear identification accuracy for the first most similar ear will be 27.8%.
The accuracy of these values was calculated using Formula 1. To in-
crease the accuracy of identification it is necessary to increase the group
size of similar objects. If there is a group size of similar objects equal to
20, then the accuracy that the observer will have to find the original
object will be 90.4%. Full results are shown in Fig. 2.

Results in Fig. 2 shows that for data “Proportions (mean)” accuracy is
worse than for the rest. The measurements between the left and right ear
for the third observer deviated, but there was no such variance for the
first and second observers.

Table 5
Identification accuracy for the right ear based on the left ear.

experiments are shown in Table 7.

The results in Table 7 shows that for the experiment “Original size-
Observer 1 and Observer 2” identification between opposite-sided ear
for different observers accuracy for the first most similar ear will be
20.0%. Full results are shown in Fig. 4.

The developed method aimed to find the most similar objects from
the set for the target object. The resulting group of most similar objects
will be sorted in descending order based on the similarity to the target
object. Thus, the resulting sorted list can be used by a specialist for
further processing in manual mode, which will reduce the total time of
his work if it simply sequentially processed all objects. Thus, the
developed method can be used as a decision support system in forensic
sciences.

Group size of similar objects Accuracy

Original size (mean) Proportions (mean)

Original size (Observer 1)

Original size (Observer 2) Original size (Observer 3)

1 0.278 0.165 0.313 0.261 0.235
2 0.426 0.278 0.443 0.504 0.322
3 0.557 0.374 0.539 0.574 0.417
4 0.609 0.426 0.600 0.652 0.513
5 0.635 0.452 0.652 0.670 0.530
10 0.774 0.583 0.757 0.765 0.696
20 0.904 0.704 0.904 0.896 0.817
50 0.991 0.930 0.974 0.983 0.948
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Fig. 2. Identification accuracy for the right ear based on the left ear.

individualizing morphology that the ear presents. The proposed method
was tested in this article, although the authors have emphasized that a
metric analysis associated with ear morphological analysis could be

Table 6
Identification accuracy on one side ear between different observers.

Group size of  Accuracy useful as a tool for human identification through images.
similar Original size — Original size - Original size -
objects Observer 1 and Observer 1 and Observer 2 and
Observer 2 Observer 3 Observer 3 Table 7
1 0.504 0.287 0.348 Identification accuracy of the opposite-sided ear between different observers.
2 0.652 0.452 0.504 Group size of  Accuracy
3 0.722 0.522 0.565 similar Original size - Original size — Original size —
4 0.765 0.548 0.609 objects Observer 1 and Observer 1 and Observer 2 and
5 0.809 0.574 0.661 Observer 2 Observer 3 Observer 3
10 0.930 0.678 0.791
20 0.983 0.843 0.913 1 0.200 0.165 0.157
50 0.991 0.991 1.000 2 0.348 0.226 0.270
3 0.409 0.330 0.339
4 0.470 0.374 0.400
Discussion 5 0.548 0.409 0.417
10 0.704 0.539 0.591
. . 20 0.817 0.670 0.739
A method of photo-anthropometric analysis of the ear was proposed 50 0.965 0.939 0.922
by Cameriere et al. [6] for human identification due to the
1.0
09
08
> 07
(8]
g data
3 06 —— Original size — Observer 1 and Observer 2
<™ —— Original size — Observer 1 and Observer 3
— Original size — Observer 2 and Observer 3
05 |
04
0.3

0 20 40 60 80 100
Group size of similar objects

Fig. 3. Identification accuracy on one side ear between different observers.
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Fig. 4. Identification accuracy opposite-sided for different observers.

Thus, to test the reproducibility of the method, in this research, three
observers independently measured photographs of both ears of 115
participants. Thus, concerning the reproducibility of the method, an
interobserver agreement was found to be high among all regions
assessed (Table 3). Additionally, the size and proportion in antihelix,
concha, and lobe regions in both ears were similar (Table 4), which
demonstrates that these regions from both ears can be used for human
identification. However, the helix was an exception, since this region
showed a statistically significant difference between both ears (Table 4).
Possibly, the difference found for the helix region can be explained by
the high miscegenation rate of the Brazilian population, due to the ill-
defined contours that this region may present [6] or even by the dif-
ference in the values of the measurements found by the third observer
(Fig. 2).

Although many studies have performed morphological analysis or
population frequency of atrial characteristics such as the presence and
location of Darwin’s Tubercle [4,18-23], metric approaches can provide
additional evidence, especially in human identification from images.
Moreover, metric analyzes of the ear are particularly necessary when
there are no pathologies, malformations, or deformities in the ear that
could be useful in identifying by morphological comparison.

The evaluated parameters and the algorithm used in this research
allow a person to be identified by similarity between ears on the same
side or by the similarity of the most regions on opposite ears, where the
accuracy in identifying a right ear based on the parameters of the left ear
increases accordingly with the number of suspects (Table 5). This same
result was observed among the three observers, although this accuracy
was higher among observers 1 and 2 (Fig. 2). This means that, in a
forensic scenario, when there is only one record of an ear of sufficient
quality for comparison, the antihelix, concha, and lobe regions from
both ears of the suspect can be used as evidence of materiality based on
the assumption that there is symmetry in those regions between both
ears [21,24].

However, when only the helix region has been available for analysis,
the comparison between the questioned ear and the reference ear may
consider whether they are on the same or opposite sides since the helix
showed a statistically significant difference between the sides (Table 4).
Therefore, the helix should be used with caution, although it is an
important region because it is the most projected region of the ear,
which can be visualized in images or printed on surfaces [18].

The same reasoning of identifying an ear based on images of the
opposite ear was used to test the reliability of identifying a single ear

(left ear) and opposite-sided ear when two observers perform the ana-
lyzes. As seen in Tables 6 and 7 (Figs. 3 and 4), the accuracy between two
observers increased with the number of ears assessed.

Thus, if observers 1 and 2 apply the method proposed to identify a
single ear from another, the probability of a correct answer will be
50.4% (Table 6). However, as Dinkar and Sambyal [23], the present
approach can be useful when there are several suspects because it can
screen and group the suspects with the most similar ears, which would
reduce the time and effort of investigators. Therefore, if the same ob-
servers applied the method after an initial screening in a group of 5
people, the probability of identifying the suspect based on the image of
his ear increases to 80.9% (Table 6).

This research was able to fill the gap presented by Chattopadhyay
and Bhatia [20], that is the premise that the ears can be so different and
distinguishable to the point that they can be used for human identifi-
cation. Furthermore, Chattopadhyay and Bhatia [20] also questioned
whether individuality can be established and proven from a partial ear
impression. In this research, the original size of the ear areas and their
proportions showed comparable results, which suggests that an isolated
parameter of the ear such as the helix region can be useful for human
identification, which justifies more research for this purpose. Addi-
tionally, the predictive model of ear identification can be improved by
creating a complex algorithm based on the combination of the original
sizes and proportions of the ear.

Thus, through the adopted methodology and the algorithm used in
this research, an ear profile can be used to identify or exclude suspects
independently or associated with other methods of human identification
(face, voice, posture, etc.) [23,25]. Therefore, further research is
encouraged, since the ear suffers little influence from facial expressions
[11,23], can be analyzed with the naked human eye [23], may be able to
differentiate monozygotic twins [26] and, despite the process of aging
changes the dimensions of the ear until some point, its morphology re-
mains the same unless trauma-related changes occur [21,23,24].

Conclusion

The human identification method based on photographs of the ear
proposed by Cameriere et al. [6] proved to be reproducible in the Bra-
zilian sample. Furthermore, Cameriere’s method can be especially
applied when there are many people in crime scenes or when there are
many suspects to be analyzed, situations in which the method proved
better accuracy. Despite that, in a practical viewpoint in real cases, it is
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possible that the ear side must be considered when only the helix region
has been available to analyze.
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