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Abstract: The number of criminal cases requiring facial image identification of a suspect has been
increasing because a surveillance camera is installed everywhere in the city and furthermore, the
intercom with the recording function is installed in the home. In this study, we aimed to analyze the
usefulness of a 2D /3D facial image superimposition system for image identification when facial
aging, facial expression, and twins are under consideration. As a result, the mean values of the average
distances calculated from the 16 anatomical landmarks between the 3D facial images of the 50s groups
and the 2D facial images of the 20s, 30s, and 40s groups were 2.6, 2.3, and 2.2 mm, respectively (facial
aging). The mean values of the average distances calculated from 12 anatomical landmarks between
the 3D normal facial images and 4 emotional expressions were 4.9 (laughter), 2.9 (anger), 2.9
(sadness), and 3.6 mm (surprised), respectively (facial expressions). The average distance obtained
from 11 anatomical landmarks between the same person in twins was 1.1 mm, while the average
distance between different person in twins was 2.0 mm (twins). Facial image identification using the
2D/3D facial image superimposition system demonstrated adequate statistical power and identified an
individual with high accuracy, suggesting its usefulness. However, computer technology concerning
video image processing and superimpose progress, there is a need to keep familiar with the
morphology and anatomy as its base.
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Table(s)

Table 1. Mean and SD values for the reciprocal point-to-point difference and average distance obtained from 16 reciprocal points
between the 3D facial images of the subjects in their 50s and the 2D facial images of subjects in their 20s, 30s, and 40s, obtained from
the same person.

20s 30s 40s
Mean (mm) SD Mean (mm) SD Mean (mm) SD
R-en 2.2 1.3 2.1 1.3 2.0 1.2
L-en 2.5 1.4 2.1 1.2 2.3 1.2
R-ex 4.7 2.0 2.8 1.3 2.5 1.4
L-ex 35 2.0 2.8 1.7 2.7 1.5
R-al 1.6 1.0 1.8 1.0 2.0 1.0
L-al 1.7 0.8 1.9 1.0 2.0 1.1
R-go 3.0 1.7 3.2 1.8 3.1 2.1
L-go 4.0 2.1 4.1 2.2 3.8 2.5
gn 3.6 1.8 2.9 1.7 2.8 1.5
R-ch 2.7 1.4 2.7 1.9 2.7 1.9
L-ch 3.0 1.4 2.7 1.3 2.5 1.4
Is 2.6 1.3 2.4 1.1 1.8 1.0
li 3.3 1.7 2.6 2.0 2.2 1.5
En’ 2.0 1.0 1.6 1.0 1.9 1.0
sto 1.8 1.2 1.9 1.0 1.6 1.0
sn 0.0 0.0 0.0 0.0 0.0 0.0
Average
2.6 05 2.3 0.5 2.2 0.6

distance




Table 2. Mean and SD values for the reciprocal point-to-point difference and average distance of 12 reciprocal points
between the 3D normal facial images and 2D facial images with 4 emotional expressions

Laughter Anger Sadness Surprise
Mean (mm) S.D. Mean (mm) S.D. Mean (mm) S.D. Mean (mm) S.D.
R-eb 2.8 2.6 4.0 2.9 3.8 2.4 3.2 2.3
L-eb 3.1 1.8 3.9 2.8 35 2.8 3.2 2.5
R-en 2.0 1.2 2.0 0.9 2.1 1.1 2.1 1.1
L-en 2.2 1.2 2.0 1.0 2.0 1.4 2.4 1.2
R-ex 2.5 1.4 2.5 1.3 3.0 1.4 2.8 15
L-ex 2.9 1.2 2.6 1.2 2.8 1.4 2.9 1.7
R-al 7.5 2.7 35 1.8 3.7 1.6 3.0 1.7
L-al 7.1 2.6 3.1 1.8 3.4 1.7 3.1 2.0
R-ch 12.1 35 3.8 2.1 4.1 1.8 4.9 4.5
L-ch 10.9 3.2 3.3 2.0 2.9 1.5 4.5 54
gn 51 3.0 3.5 2.3 35 2.5 11.6 13.1
sn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average
4.9 1.3 2.9 0.9 2.9 0.8 3.6 2.4

distance




Table 3. Mean and SD values of the average distance of 11 reciprocal points between the 3D and
2D facial images in twins.

Monozygotic twins (same person) Monozygotic twins (different person)
Mean (mm) SD Mean (mm) SD
R-en 1.2 0.5 2.1 1.0
L-en 1.0 0.7 2.5 1.3
R-ex 1.2 0.7 2.5 1.2
L-ex 1.1 0.6 2.9 1.7
R-al 1.0 0.5 1.7 0.8
L-al 1.1 0.6 1.5 0.9
sto 0.9 0.5 1.6 0.9
R-ch 1.5 0.9 2.7 1.3
L-ch 1.5 0.8 2.1 1.1
gn 1.6 0.9 3.1 1.6
sn 0.0 0.0 0.0 0.0
Average .
) 1.1 0.2 2.0 0.3
distance

'P<0.01, t-test
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Abstract

The number of criminal cases requiring facial image identification of a suspect has been
increasing because a surveillance camera is installed everywhere in the city and furthermore,
the intercom with the recording function is installed in the home. In this study, we aimed to
analyze the usefulness of a 2D/3D facial image superimposition system for image
identification when facial aging, facial expression, and twins are under consideration. As a
result, the mean values of the average distances calculated from the 16 anatomical landmarks
between the 3D facial images of the 50s groups and the 2D facial images of the 20s, 30s, and
40s groups were 2.6, 2.3, and 2.2 mm, respectively (facial aging). The mean values of the
average distances calculated from 12 anatomical landmarks between the 3D normal facial
images and 4 emotional expressions were 4.9 (laughter), 2.9 (anger), 2.9 (sadness), and 3.6
mm (surprised), respectively (facial expressions). The average distance obtained from 11
anatomical landmarks between the same person in twins was 1.1 mm, while the average
distance between different person in twins was 2.0 mm (twins). Facial image identification
using the 2D/3D facial image superimposition system demonstrated adequate statistical
power and identified an individual with high accuracy, suggesting its usefulness. However,
computer technology concerning video image processing and superimpose progress, there is a
need to keep familiar with the morphology and anatomy as its base.

1. Introduction

The surge of the restraint of the crime and the security consciousness increases for past
several years. In the passage of such times, the cases that a criminal was left as "a picture"
into a surveillance camera in a part of the crime scene had increased. The crimes that most
frequently involve facial image examination include robbery and theft, forgery and fraud,
illegal immigration, and homicide. Therefore, identification between the facial image taken
with a surveillance camera at the crime scene and mug shots of suspects increases, too. In
general, the following 3 approaches to facial image identification are used: morphological
comparison of facial features (facial outline, eyebrows, eye, nose, lip, and ear) [1-4],
anthropometric analysis [2-5], and face-to-face superimposition [3, 4, 6-15].

However, there are some problems on carrying out the facial image identification which
is caused by the samples itself including the photography angles and the clearness of the
images. Moreover in a courtroom, face-to-face superimposition provides the jury with a clear
basis for a definite judgment; however, it requires that a suspect’s facial image be taken in
exactly the same orientation as that of the facial image seen during the crime. To solve these
problems, the 2D/3D facial image superimposition system was developed [9, 13]. Although
some problems associated with the use of the technique, such as blurred [11] and disguised
images [15], have been investigated, the more problematic factors such as facial aging,
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emotional expressions, and monozygotic twins have not yet been examined. These problems
make more difficult to identify because they are participate in the facial form itself.

Especially about the facial aging, according to report of FBI [16], hundreds of thousands
of individuals are reported missing in the United States each year. Therefore, law enforcement
agencies are charged with the task of locating these individuals, expending time and
manpower in searches because of facial aging. Not only the United States but in our country, a
similar matter is happening. A request for make a current face get the aging in the old
photograph of the face of the missing person and utilize in the investigation is
increasing.Therefore, the authors aimed to assess the effect of these factors on facial image
identification using the 2D/3D facial image superimposition technique.

2. Materials and Methods

2.1. Effect of facial aging on facial image identification

The 3D facial images of 20 Japanese male subjects who were in their 50s were obtained
using a 3D physiognomic range finder (Fiore, (NEC Co., Japan). The 2D facial images of
subjects who were in their 20s, 30s, and 40s were obtained as snapshots (approximately
frontal view). For evaluating the match of the 3D and 2D facial images of the same parson,
the 3D facial image of each subject (age, 50s) was compared with the 2D facial images of 3
generation groups (ages, 20s, 30s, and 40s) 3 times using the 3D-Rugle3 software (Medic
Engineering, Japan), yielding 180 superimpositions. As shown in Fig. 1, 16 anatomical
landmarks, including the subnasale as a standard point, were used in the experimental study.

After the superimposition of the 2D and 3D facial images, the average distance calculated
from 16 reciprocal point-to-point differences between both images was used as a matching
criterion [13, 14].

2.2. Effect of emotional expression on facial image identification

The 3D normal face images of the 20 Japanese male subjects were obtained by Fiore.
The 2D facial images of the subjects were obtained by a digital still camera (Canon,
PowerShot G10, Japan) under the condition of 4 different emotional expressions, that is,
laughter, anger, sadness, and surprise. The 3D facial image of each subject was compared
with the 2D facial images of 4 emotional expressions of the same subject, obtained using the
same method described earlier. A total of 80 superimpositions were performed. The effect
of each emotional expression on facial image identification was evaluated using the
movement distance obtained from the following anatomical landmarks: the innermost point of
the left and right eyebrows, left and right entocanthion, left and right ectocanthion, left and
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right alare, left and right cheilion, gnathion, and subnasale.

2.3. Individualization of facial images of twins

Nine sets of Japanese adult monozygotic twins (6, men and 3, women) were enrolled as
experimental subjects. The 3D facial images of the subjects were acquired by Fiore and
their 2D facial images were obtained by the digital still camera (Figs. 2 and 3). For
assessing the match of the 3D and 2D facial images of the same person in twins, the 3D facial
image of each subject was compared with the 2D facial image of the same subject (Fig. 2),
yielding 18 superimpositions (Fig. 4). When, assessing the match of the facial images of
another person in twins, the 3D facial image of each subject was compared with the 2D facial
image of another person in twins (Fig. 3), yielding 18 superimpositions (Fig.5). As a
matching criterion, the average distance of 1lcorresponding anatomical landmarks (left and
right entocanthion, left and right ectocanthion, left and right alare, stomion, left and right
cheilion, gnathion, and subnasale) in the superimposition images was calculated.
Furthermore, the ear in the 2D facial images obtained from the twins was morphologically
examined.

3. Results

3.1. Effect of facial aging process on facial image identification

As shown in Table 1, the reciprocal point-to-point difference on the ectocanthion (4.7
and 3.5 mm) and gnathion (3.6 mm) in the subjects in their 20s was larger than that on the
ectocanthion (2.5-2.8 mm) and gnathion (2.8 and 2.9 mm) in the subjects in their 30s and 40s,
respectively. The reciprocal point-to-point difference on the gonion and cheilion was not
found in the 3 generation groups. The mean values of the average distances calculated from
the 16 anatomical landmarks between the 3D facial images of the 50s groups and the 2D
facial images of the 20s, 30s, and 40s groups were 2.6, 2.3, and 2.2 mm, respectively.

3.2. Effect of emotional expression on facial image identification

Table 2 presents the reciprocal point-to-point difference and the average distance of 12
reciprocal points between the 3D normal face image and 2D facial images, revealing the
emotional expressions of laughter, anger, sadness, and surprise. In the laughing facial image,
the largest difference between the reciprocal points was found on the cheilion (12.1 and 10.9
mm) followed by the alare (7.5 and 7.1 mm) and gnathion (5.1 mm). However, the
reciprocal point-to-point difference on the other anatomical landmarks was approximately 3
mm. The reciprocal point-to-point difference in the angry and sad facial images was less
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than 4.1 mm. In the surprised facial image, the reciprocal point-to-point difference on the
gnathion showed the largest value (11.6 mm), but the difference on the other anatomical
landmarks was approximately 3 mm, except on the cheilion (4.5-5.4 mm). The mean values
of the average distances calculated from 12 anatomical landmarks between the 3D normal
facial images and 4 emotional expressions were 4.9 (laughter), 2.9 (anger), 2.9 (sadness), and
3.6 mm (surprised), respectively.

3.3. Individualization of facial images in twins

As shown in Table 3, the reciprocal point-to-point difference in the same person was less
than 1.6 mm (gnathion). In another person of monozygotic twins, the largest difference
between the reciprocal points was found on the gnathion (3.1 mm), followed by that on the
ectocanthion (2.9 and 2.5 mm) and cheilion (2.7 and 2.1 mm). The average distance
obtained from 11 anatomical landmarks between the same person in twins was 1.1 mm,
while the average distance between different person in twins was 2.0 mm. These data do not
clarify whether 2 facial images in monozygotic twins are obtained from the same person
though there was significantly difference on average distance between monozygotic twins
(same person) and monozygotic twins (different person) (table 3). However, ear
morphological differences were observed in 6 of 9 sets of twins. As shown in Fig. 6, the
fossa triangularis, antihelix, and ear lobe were useful portions for individualizing
monozygotic twins.

Discussion

The 2D/3D facial image superimposition system [13] was proven to be a useful tool for
facial image identification because the superimposition of 2 facial images can be performed
under the same facial orientation by rotating the 3D facial image, and then the shape and
positional relationships of the facial outlines and components can be compared with each
other in the same condition. In addition to this advantage, this superimposition system
enables morphometric matching using anatomical landmarks, giving objective results based
on numerical data [11-15]. The purpose of this study was to assess the effects of some
problematic factors in facial identification, using this superimposition system.

In general, facial aging is primarily due to a progressive loss of muscle tone and skin
elasticity, with a corresponding deepening of creases in the face [16]. In the present study,
the ectocanthion moved downward in the facial images of the subjects in their 50s compared
to the facial images of those in their 20s, suggesting that the outer part of the eye slit moved
downward with the aging process. Meanwhile, the alare showed the smallest value
throughout each generation, suggesting that the nasal area almost did not change even in the
older subjects. In this experiment, the average distance obtained from 16 anatomical
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landmarks between the 3D facial images of the older generation and 2D facial images of the
younger and middle generations ranged from 2.2 to 2.6 mm. In the previous study
investigating techniques of identifying whether 2 facial images are of the same person or not
[14], the average distance obtained from 16 reciprocal point differences and its percentage
error at the false-positive/negative crossover point were 3.1 mm and 4.2%, respectively. To
avoid false-positive identification, the threshold of the average distance must be shorter than
2.5 mm. The average distance in the 30s (2.3 mm) and 40s groups (2.2 mm) in this study
was shorter than the 2.5 mm threshhold, but the average distance in the 20s groups (2.6 mm)
was slightly longer than the threshold.  Although basic morphological examination should be
performed, the 2D/3D facial image superimposition is suggested to support facial image
identification in facial aging.

Emotional expressions move the anatomical landmarks. In the present study, 4
expressions, that is, laughter, anger, sadness, and surprise, were examined. In the laughing
facial image, the reciprocal point-to-point difference on the cheilion, alare, and gnathion
showed large values (5.1-12.1 mm). These landmarks are not suitable indicators for facial
image identification and should be excluded. The same is true for the cheilion (4.5 and 4.9
mm) and gnathion (11.6 mm) in the surprised facial images. The reciprocal point-to-point
difference in the angry and sad face images was less than 4.1 mm; hense, the values obtained
for the 2 facial expressions were not used as supporting data for facial image identification.

Although the average distance in 4 emotional expressions was obtained from 12 reciprocal
point differences, each value was higher than that obtained for anger (2.9 mm threshold) [14].

Based on our results, the superimposition system is difficult to apply in image
identification when emotional facial expressions are involved.

In our experiment on the individualization of facial images in monozygotic twins, the
reciprocal point-to-point differences of each landmark in the same persons of monozygotic
twins are smaller than those in different persons of monozygotic twins. The average
distance in the same (1.1 mm) and different (2.0 mm) persons was shorter than the threshold
[14], suggesting that that it is difficult to distinguish the facial images of monozygotic twins
by the morphometric analysis based on the 2D/3D facial image superimposition though there
was significantly difference on average distance between monozygotic twins (same person)
and monozygotic twins (different person). Facial image identification of monozygotic twins
is generally difficult by morphological examination alone. However, ear morphological
characteristics were useful for individualizing monozygotic twins.

In conclusion, morphometric analysis based on the 2D/3D facial image superimposition
can provide some supporting data for facial image identification in facial aging but cannot
provide informative data for facial image identification in emotional expressions and
monozygotic twins. Combined use of morphological and morphometric examinations using
2D/3D facial image superimposition may help in facial image identification under the
condition of these problematic factors.
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Legends to Figures
Fig. 1. The 16 anatomical landmarks used in the study. en: entocanthion, ex: ectocanthion,
en’: the middle point between the left and right entocanthion, al: alare, sn: subnasale, ch:

cheilion, sto: stomion, go: gonion, gn: gnathion, Is: labrale superius, and li: labrare inferius.

Fig. 2. The 3D (left) and 2D facial images (right) of the
elder brother in monozygotic twins.

Fig. 3. The 3D facial image of the elder brother (left) and 2D facial image of the younger
brother (right) in monozygotic twins.

Fig. 4. Superimposition image of the 3D and 2D facial images of the elder brother in Fig. 2.

Fig. 5. Superimposition image of the 3D facial image of the elder brother and 2D facial image
of the younger brother in Fig. 3.

Fig.6. Ear morphological differences in the monozygotic twins.
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