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ABSTRACT 
 

Studies in pattern recognition domain currently revolve around twin’s biometric identification. The 
twins’ biometric Identification system may lead to the discovery of a distinguishing pattern of a 
biometric of an individual. A significant improvement can also be seen in the Unimodal biometric 
identification; it allows accurate and reliable identification of identical twins with good performance of 
certain traits. However, since the similarity level is very high, Identical twins’ identification is much 
more difficult when compared to that of non-twins. Hence, the use of more than one biometric trait with 
global features is proposed. Further, pattern recognition requires the extraction and selection of 
meaningful features, which leads to the key issue in the identification of twin handwriting-fingerprint, 
that is, the question of how to acquire features from many writing and styles twin handwriting-fingerprint 
to enable the reflection of the right person between twins. This study thus proposes the global with 
Aspect United Moment Invariant for global feature extractions with the application of identical twin 
multi-biometric identification with Inter-class and Intra-class . 

   Keywords: Identical Twin, Global Features, Multi-Biometric, Identification, Unique Representation, 
Aspect United Moment Invariant, Similarity. 

 
1. INTRODUCTION  
 

Biometric-based identification and verification 
systems will become a leading technology [2,3]. 
The systems are armed with applications that 
provide access control to buildings and computers 
while reducing the incidences of deceitful 
transactions in electronic commerce and 
discouraging unlawful immigration [10]. However, 
it is much more difficult to identify the identical 
twins’ biometric as opposed to identifying non-
twins because as stated by [7], identical twins share 
astounding amount of similarities. For this reason, 
identification of twins biometric has been the 
subject of research among many researchers in the 
domain of pattern recognition and computer vision; 
it should be noted that in some circumstances, it is 
the one method that could result in the discovery of 
the biometric pattern of a real person from a group 
of persons[1,10,11,12,13,14,24].   

There appears to be considerable improvement 
in the unimodal biometric identification for 
identical twins particularly in terms of accuracy and 
reliability [7,15,26]. Additionally, some traits 
demonstrate good performance. Nonetheless, there 

remain issues related to the technology itself. The 
past studies were revolving around the 
identification or verification of identical twins with 
the use of the Unimodal biometric system such as  
Wonder Ears: Identification of Identical Twins 
from Ear Images [15], 3D Face Recognition used 
for distinguish face for identical twins [16], 
Analysis of Facial Marks to Distinguish Between 
Identical Twins [11], Double Trouble: 
Differentiating Identical Twins by Face 
Recognition [10].  

Sharing single zygote causes the identical twins 
to have similar genetic makeup which makes their 
identification difficult (see Figure 1). The usage of 
more than one biometric trait with Global features 
is thus proposed in order to solve this problem. This 
brings to the multimodal biometric system that uses 
the physical and also the behavior trait. This system 
includes a mix of many sources from various 
biometric traits. This system allows user with no 
exact biometric identifier to still enroll and 
authenticate with other traits. Such allowance 
solves the issue linked with enrollment. The system 
is therefore universal. Thus, multimodal biometric 
use to analyze the similar features to extract the 
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unique characteristics of the features for further 
investigation of the written texts and patterns of 
minutiae versus original ones. Further, the past 
researches did not treat the global (holistic) features 
of the cursive word or shape as one complete object 
for any twins biometric. A study by [14] can be 
referred for example. 

 

 
 

Fig. 1. A Pair Of Identical Twins From The Identical 
Twins Dataset 

2. UNIQUENESS OF TWINS MULTI-
BIOMETRIC 

A person’s nature is represent able by his/her 
handwriting-fingerprint and this has been 
mentioned in the hypothesis of some studies [4,5,7] 
noting a person’s individuality in their style of 
writing and fingerprint style; their style of writing 
and fingerprint style that is also consistent. Data 
collected in UHD for 46 twins and each individual 
4 samples for each biometric, Samples from same 
individual in pairs of twins and samples with 
different pairs are presented in Figure 2. As shown, 
the writings and fingerprints show more similarity 
being produced by both individuals in a pair of 
twins. However, difference is shown when the 
writings and fingerprints are produced by the 
different pair. Also, there is small difference to the 
writings and fingerprints generated by the same 
individual in a pair of twins and defined difference 
when the writings and fingerprints are produced by 
the both individual in a pair, although the height of 
shape appears to be the same in identical twins. 
This means that even identical twins differ 
especially with respect to handwriting and 
fingerprint. Such difference, which his called 
Individuality of Handwriting-fingerprint, is 
measureable by the variances. In this context, the 
value of the person’s feature or the intra-class, must 
be less than that of different persons or the inter-
class [5,6,7]. [8] reported that features that have the 
smallest similarity error for one individual in a pair 

of twins (intra-class) and largest error of similarity 
for both individuals in a pair of twins (inter-class) 
denote the soundness sand acceptableness of 
individual features. Thus, attaining the individual 
features from the handwritten-fingerprint samples is 
important so that the individual in a pair of twins 
can be identified. 

 
 

 
 

Fig. 2. Handwriting-Fingerprint For Both Person In 
Twins. 

2.1 Individuality with global features in 
identical twin  

This study introduces the global features with 
the capacity in handling twin multi-biometric 
images for the purpose of identification. As an 
adaptive method, this method is for feature 
extraction. It discretely improves the class because 
for the class of individual twin, the method 
repositions the points of feature to better places. 
This guarantees more efficient representation of 
individual characteristics for each biometric 
modality before they are used in the process of 
matching. Many pattern recognition researchers 
have been focusing on twin identification utilizing 
the handwritten and fingerprint images shape 
[5,26,29]. The field of visual includes the use of 
shape feature; shape is among the core features for 
the illustration of content of image [9]. 
Nonetheless, extracting features that precisely 
symbolize and illustrate the shape for a person in 
twins is difficult. Hence, in this study, the first 
objective is to introduce a new system for identical 
twins with Multimodal biometric identification 
using many modalities.  

 
On the other hand, the second objective of this 

study includes an algorithm of Aspect United 
Moment Invariant (AUMI) [9]. AUMI has the 
capacity to extract a good set of global features. 
Such features represent the twin handwriting-
fingerprint from the region. They also denote the 
depiction of boundary of a word and shape of 
fingerprint. In twin identification, the features 
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extracted from the AUMI algorithm then go 
through the individuality test of handwriting and 
fingerprint.  

 
The third objective is to perform analysis on the 

efficiency of global features for the purpose of 
variation minimization for intra-class and variation 
maximization for inter-class for Individuality of 
twins’ handwriting-fingerprint in biometric 
Identification. For this purpose, this study uses a 
method that contains a procedure. It is an important 
method because twin identification necessitates a 
technique that satisfies the ‘individuality’ of the 
notion of Multimodal biometric. The proposed new 
procedure to improve the identification of a pair of 
twins’ handwriting-fingerprint is presented in 
Figure 3. 

 
 

 
 

Fig. 3. New Framework For Multi-Biometric 
Identification For A Pair Of Twins. 

2.2 Twin Multi-Biometric Shape 
Representations 

Within the domain of pattern of recognition, 
there are many available shape representation 
methods and illustration of extraction of features 
from an image. The handling of the twin 
handwriting-fingerprint shape can generally be 
done using two different approaches namely the 
analytic (local / structural)approach and holistic 
(global) approach. Each approach comprises two 

methods namely region-based or whole region 
shape method and contour-based or contour only 
method. The holistic approach entails the 
representation of the entire image shape while the 
analytic approach entails the representation of 
image in sections. The holistic approach is selected 
in this study because in the context of this study, it 
is required that the twin handwriting-fingerprint 
shape is extracted as one single entity; is not 
divisible. Further, the exploration of global method 
is included in this study. This will ensure the most 
suitable technique for the preservation of 
individuality concept of twin handwriting-
fingerprint in twin biometric identification. 

 

2.3 Aspect United Moment Invariant with Twin 
multi-Biometric  

Effective technique is important in extracting the 
individual features from Twin Multi-biometric 
shape. In the context of handwriting, shape shows 
higher level of individuality in comparison to 
character, [9,19]. This is the reason for selecting the 
United Moment Invariant (UMI) [20] for the 
extraction the global features from the handwriting 
of twin and shape of fingerprint. The creation of 
UMI was grounded on the Geometric Moment 
Invariant (GMI) [21] and the Improve Moment 
Invariant (IMI) [22]. In relation to this, [22] 
evidenced the employability of GMI for region 
representation in discreet setting. However, 
representation of boundary has high computational 
times and thus, IMI is suggested (for boundary and 
faster computation). 

It should be noted however, that the extraction of 
the region and boundary of an image has to be done 
continuously and separately. This, as stated by [20], 
will guarantee that quality feature is obtained in 
image representation. [20] proposed UMI because it 
could effectively and continuously distinguish 
separate the image shape on both region and 
boundary. Somehow, [21] mentioned the issues 
associated with the factor of scaling used in UMI. 
For this reason, [9] suggested the application of 
[23] Aspect Invariant Moment (Aspect) scaling 
factor in Aspect United Moment Invariant. This 
scaling factor improves the invariant features 
without size normalization. Aspect’s scaling is thus 
included in the AUMI algorithm proposed due to its 
ability in preserving the invarianceness of 
handwriting-fingerprint for twin in the direction of 
X and Y; this characterizes the human’s 
handwriting-fingerprint of twin.  With the usage of 
scaling, the global word and the shape of 
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fingerprint features are continuously and discreetly 
extracted from both region and boundary 
representation using scale invarianceness from 
handwriting-fingerprint of twin. 

 

 
 

Fig. 4 Aspect United Moment Invariant 
 

 

Aspect United Moment Invariant by (9) can 
extract global features from an object’s region and 
boundary of (word or shape) separately and 
continuously manner to represent an individual in a 
twin. This is attainable through the creation of 
fusion embedded scaling factor of Aspect [23] into 
the UMI [20] (see Figure 4). Immediately, this 
assumes the capability of these two moment 
functions into the recommended Aspect United 
Moment Invariant. UMI by [20] is linked with 
geometrical representation that takes into account 
GMI’s Normalized Central Moment equations (21) 
and IMI’s Boundary Representation [22]. Finally, 
AUMI by [9] shows 8 features with UMI’s 
construction [20] below: 

 
 
 
 
     
 

 
 
 
 
 
 
 
 
 

                    
 

                     
 

                     

               
 
 

As φi denotes large values, the natural logarithm 
is employed. As such, below is obtained 

for  i = 1 to 7 ; θi←log10 φi. 
 

3 TWIN MULTI-BIOMETRIC WITH 
GLOBAL EXTRACTED FEATURE (GEF) 

 

Tables 1, 2, 3, 4 and 5, present the sample of the 
extracted word images of twin’s handwriting. The 
sample consists of the original extracted features 
after the global feature. Among the included are the 
Aspect Invariant Moment (Aspect), United Moment 
Invariant (UMI), Aspect United Moment Invariant 
(AUMI), macro feature extraction (MFE) and 
Geometric Moment Invariant (GMI). 

 
Table 1. Invariant Features Of Twin Number 7 By GMI 

Algorithm 

 
 

Table 2. Invariant Features Of Twin Number 7 By Aspect 
Algorithm 

 
 

Table 3. Invariant Features Of Twin Number 7 By UMI 
Algorithm 
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Table 4. Invariant Features Of Twin Number 7 By AUMI 
Algorithm 

 
 

Table 5. Invariant Features Of Twin Number 7 By Macro 
Algorithm 

 
 

As can be seen in Tables 1, 2, 3, 4 and 5, there is 
low inter-features variability between the 
individuals in a twin. Meanwhile, there appears 
variability of height intra-features with the same 
individual in a twin.  

As can be seen in Tables 6, 7, 8, 9 and10,are the 
extracted twin fingerprint’s sample shape images. 
These features comprise the original extracted 
features as well as the global feature. Among the 
included are the Geometrical minute feature 
extraction (GMFE), United Moment Invariant 
(UMI), Aspect Invariant Moment (Aspect), 
Geometric Moment Invariant (GMI) and Aspect 
United Moment Invariant (AUMI). 

 
Table 6. Invariant Features Of Twin Number 7by GMI 

Algorithm 

 
Table 7. Invariant Features Of Twin Number 7 By Aspect 

Algorithm 

 

 
Table 8. Invariant Features Of Twin Number 7 By UMI 

Algorithm 

 
 

Table 9. Invariant Features Of Twin Number 7 By AUMI 
Algorithm 

 
 

Table 10. Invariant Features Of Twin Number 7 By 
Geometrical Minute Algorithm 

 
 
In an identification system, a set of features 

reflecting the individuality and characteristics of a 
person in a twin is followed. It is however 
important to extract and choose only the important 
features. However, in identification of twin, it is not 
easy to do. The features of multi-biometric in the 
data storage should be used in twin identification.  

4 SIMULATION WITH MAE 

The Mean Absolute Error (MAE) function is 
used to measure uniqueness. Tables 11, 12 and 13 
show the example of the calculation of MAE .Here, 
4 images are used to present each individual. As 
stated by [9], the MAE value offers the 
invariancenes of twin handwriting-fingerprint aside 
from providing the first image or reference image. 
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Small errors mean that the image is close to the 
reference image. The average of MAE is calculated 
from the value of the overall results. 

 

 
 
Where:  
n denotes the number of images;  
xi represents the current image;  
ri denotes the image of reference or location 

measure;  
f represents the number of features;  
i denotes the feature column of image.  
 
Since it corresponds to the measurement’s 

individuality of the individual twin handwriting-
fingerprint in twin multi-biometric identification, 
the MAE function is used in this study. Each twin 
of a pair will have the unique features or 
characteristic in terms of handwriting-fingerprint. 
Using the MAE function, the variance measurement 
between twins’ handwriting-fingerprint can be 
performed with two handwriting-fingerprints’ 
similarity error gathered from detail characteristics 
in the column that represents feature. This allows 
the calculation of variance between two 
handwriting-fingerprint images for the features of 
each column from the extracted invariant feature 
vector of image. Low mean MAE value means high 
similarity to the original image (reference image or 
first image) while high mean MAE value means 
low similarity. As such, lowest value denotes the 
highest similarity while highest value denotes 
highest difference.  Azah et al. (2010) mentioned 
the classification of MAE function under 
robustness theory of statistical procedure. Also, 
MAE function appears to be the most feasible and 
simplest solution. 

4.1 Intra-class and Inter-class with MAE 

The intra-class and the inter-class analyses were 
conducted on the obtained MAE value. Intra-class 
comprises features extracted from the same twin or 
one twin while inter-class comprises features 
extracted from either twins or different twin. Both 
handwriting word and shape of fingerprint of twin 
for intra-class requires smaller MAE value. On the 
other hand, larger MAE value is required for inter-
class. This would show the individuality of twin 
handwriting-fingerprint. 

Tables 11 through 17 present the intra-class 
measurement (measurement of one individual in a 

twin or one twin) and the inter-class measurement 
(measurement of both individuals in a twin or 
different twin) in terms of difference, using the 
MAE function for shape and word. In particular, 
Tables 11, 12, 14 and 16 present the intra-class 
where the MAE values are lower than the MAE 
values shown in Tables 13,15 and 17 (it should be 
noted even that the twin multi-biometric was used 
in all tables). Tables 11 through 17 demonstrate the 
analyzability of MAE values for the individuality of 
the verification of twin handwriting-fingerprint. 
Meanwhile, Tables 11 and 12, show lower MAE 
value. What can be inferred is that, as can be seen 
in Table 13, the feature between the handwriting 
and fingerprint from the exact individual in a twin 
shows close feature value when differentiated with 
the handwriting and fingerprint from both twins. 
Tables 14 and 16 show lower MAE value, 
demonstrating that, , as can be seen in Table 17,the 
feature between the handwriting and fingerprint 
from the both individual in a twin contains close 
feature value when differentiated with the 
handwriting and fingerprint from difference twins. 

 
Table 11. MAE From AUMI Features For Twin Multi-

Biometric For A10 
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Table 12. MAE From AUMI Features For Twin Multi-
Biometric For B10 

 
 

Table 13. MAE From AUMI Features For Multi-
Biometric For Twin Number 10 

 
 

Any function is applicable in the process of 
similarity measurement with the condition that it 
adheres with the rules of similarity measurement 
between twin’s features. The MAE function is 
appropriate for this study due to limited data 
obtained aside from the fact that MAE function 
matches with the individuality of the twin 
handwriting-fingerprint analysis. In terms of the 
intra-class and inter-class analysis, comparison 
between intra-class and inter-class, the process of 
similarity measurement run. In terms of this, the 
variance value for intra-class must be less than the 
variance value of inter-class to assure the 
fulfillment of the requirement of the individuality 
of twin handwriting-fingerprint so that it becomes 
applicable in TI. 
 

Table 14. Intra-Class MAE From AUMI Features For 
Handwriting For Twin Number 1 And 2 (A,B) 
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Table 15. Inter-Class MAE From AUMI Features For 
Handwriting For Twin Number 1 And 2 (A,B) 

 

 
 

Table 16. Intra-Class MAE From AUMI Features For 
Fingerprint For Twin Number 1 And 2 (A,B) 

 
 

Table 17. Inter-Class MAE From AUMI Features For 
Fingerprint For Twin Number 1 And 2 (A,B) 

 

 

4.2 Result, Analysis and Interpretation 

The AUMI results are discussed in this study to 
determine if the method is suitable for Twin multi-
biometric identification. AUMI is also compared 
and analyzed with other techniques. This will 
ascertain the hypothesis on AUMI’s positive value 
in TI. As shown by the MAE value results in Table 
18, AUMI algorithm should be explored more in 
the field of TI. As indicated by the similarity error 
result, there appears smaller Uniqueness of 
authorship for intra-class (same person in twin or 
both in a twin) when comparison is made with that 
of inter-class (both persons in twin or difference 
twin), fulfilling the conception of individuality of 
twin handwriting-fingerprint in identification field. 
In this context, the value of MAE for intra-class is 
lower when as opposed to the MAE value of inter-
class with respect to handwriting and fingerprint 
because moment function is a representation of 
image. The Uniqueness presentation analysis 
therefore verifies the usefulness of AUMI in feature 
extraction in TMI. Moreover, in twin handwriting-
fingerprint, extracted feature has been shown to 
bring the unique features of individual. 

 
 

Table 18. Uniqueness Presentation With Twin Multi-
Biometric Identification 

 
 

 
    Fig. 5. Graph Of Uniqueness Presentation For 

AUMI 
 
In satisfying the conception of individuality of 

twin handwriting-fingerprint, the similarity error 
has to be higher for inter-class (both twins) but 
smaller for intra-class (same individual), as can be 
referred in Figure 5. The features extracted using 
the AUMI algorithm seem closer for same 
individual in a twin but more different for different 
individuals in a twin, causing the production of 
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smaller MAE value for intra-class and bigger MAE 
value for the inter-class. This proves the usefulness 
of the proposed technique in extraction of features 
in TI. Additionally, there have been reports from 
many studies (e.g. Sh. et al., 2015; Pervouchine et 
al., 2007)on the conceptualization of twin 
handwriting-fingerprint in terms of individuality. 
This study is therefore hoped to offer some 
scientific validation of individuality of twin multi-
biometric using the AUMI algorithm of MF in 
feature extraction. 

Somehow, the determination of the best 
technique will not include the comparison and 
analysis of the result of this section. Comparison of 
technique is highlighted in the following section. 
This section highlights the validation of AUMI 
algorithm for the individuality conception of twin 
multi-biometric in TI field. This algorithm is 
applicable for both the same individual in a twin 
and for different individuals in a twin. With respect 
to the results of the other three techniques also 
prove their appropriateness for the concept of twin 
multi-biometric. This is the reason why in the 
context of TI, AUMI, UMI, Aspect and GMI 
technique of moment function and macro, 
geometrical minute should be explored in more 
depth. 

5 PERFORMANCE BETWEEN 
TECHNIQUES 

The techniques of Macro, GMI, Aspect, UMI 
and AUMI for twin handwriting are presented in 
this section with respect to their results. Meanwhile,  
the Geometrical minute, GMI, Aspect, UMI and 
AUMI are highlighted in this section in the domain 
of twin fingerprint. Further, a comparative study is 
included as well. The purpose is to discover the 
technique that is most appropriate for twin 
handwriting-fingerprint individuality. Besides that, 
this study also examines the capacity of AUMI in 
extracting the features of twin handwritten-
fingerprint word and shape image in TI and proved 
the individuality of the twin handwriting-fingerprint 
concept for AUMI. As opposed to the inter-class, 
the error of similarity for intra-class is smaller. This 
refers to the same individual and both individuals in 
a twin. 

The analysis of variance between features for 
intra-class is lower than that of inter-class. This 
affirms the Individuality of twin handwriting-
fingerprint. This makes possible the measurement 
of the most sophisticated technique of individuality 
of twin handwriting-fingerprint with the use of the 
smallest MAE value for intra-class. Meanwhile, 

inter-class in error measurement similarity requires 
the highest MAE value and lowest value of MAE 
for intra-class, showing that the extracted features 
are most associated, identical and demonstrate more 
individuality characteristic within a set of features. 
For inter-class, obtaining the largest MAE value 
means that the features show great level of 
difference as opposed to the others which leads to 
low level of individuality in that data set. 

This section comprises the presentation of the 
intra-class and inter-class analysis results. Table 19-
27 can be referred, Four 20 twins are shown. 

 
Table 19. Intra-Class And Inter-Class For 5 Twins 

 
 

Table 20. Intra-Class And Inter-Class For 10 Twins 

 
 
Table 21. Intra-Class And Inter-Class For 15 Twins 

 
 

Table 22. Intra-Class And Inter-Class For 20 Twins 
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Table 23. Intra-Class And Inter-Class For 2 Twins 

 
 
Table 24. Handwriting  Intra-Class And Inter-Class For 

10 Twins 

 
 
Table 25. Handwriting Intra-Class And Inter-Class For 

20 Twins 

 
 

 

Table 26. Fingerprint Intra-Class And Inter-Class For 10 
Twins 

 
 
Table 27. Fingerprint Intra-Class And Inter-Class For 20 

Twins 

 
 

Tables 19-27 show irregularity of the sequence 
of technique for the lowest MAE value. However, 
the AUMI technique shows exception; the smallest 
MAE value in nearly all tables is shown for AUMI. 
It is important that the technique has consistency in 
order to enable comparison of intra-class and inter-
class, which in turn will enable the evaluation of 
the best technique. A technique that has smallest 
MAE value for intra-class and largest MAE value 
for inter-class simultaneously is considered as the 
best technique. In relation to this, AUMI fits the 
bill; for every technique, the scale of value for 
extracted invariant feature vector gained from 
feature extraction has dissimilar nature. AUMI for 
example, will produce the smallest value for 
invariant feature vector; as opposed to other 
techniques. This means that AUMI will unfailingly 
produce the smallest MAE value for intra-class and 
largest value for inter-class. Table 28 can be 
referred. 

 
Table 28. Mean For All Techniques 
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6 CONCLUSION 

This study brings forth a new framework for 
identical twins. In particular, this framework 
employs the technique of AUMI to determine the 
individuality in identical twin multi-biometric. 
Such method verifies twin multi-biometric in twin 
Identification (TI) in terms of individuality. This 
study brings to the table Uniqueness representation. 
It is to prove the individuality of twin multi-
biometric owing to the application of Moment 
Function (MF) in the task of feature extraction. The 
procedure of individuality representation is 
highlighted. The most appropriate technique is 
suggested. Such technique comprises the 
computation of mean between the smallest and 
largest MAE value. In extracted features, each 
technique obtains unique scale value. As evidenced 
by the results, the use of AUMI demonstrates the 
highest individuality. Other moment techniques in 
multi-biometric twin identification were also 
explored. 
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