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Abstract—The proposed system is fully integrated the critical steps of feature extraction through the use of morphological 
operators and matching through unique similarity measures designed for this task. The novel approach at developing a 
thermal signature template using four images taken at various instants of time ensured that unforeseen changes in the 
vasculature over time did not affect the biometric matching process as the authentication process relied only on consistent 
thermal features. The matching using the similarity measures showed an average accuracy of 88.46% for skeletonized 
signatures.  
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I. INTRODUCTION 
 
Identification systems rely on three key elements: 1) 
attribute identifiers (e.g., Social Security Number, 
driver’s license number, and account number), 2) 
biographical identifiers (e.g., address, profession, 
education, and marital status), and 3) biometric 
identifiers (e.g., fingerprint, iris, voice, and gait). It is 
rather easy for an individual to falsify attribute and 
biographical identifiers; however, biometric 
identifiers depend on intrinsic physiological 
characteristics that are difficult to falsify or alter. 
Applications for face recognition can be found in the 
areas of entertainment, smart cards, information 
security, law enforcement, medicine, and security. 
  
Machine recognition of human faces has experienced 
great strides but remain challenged by intricate issues 
related to light variability and other factors like 
difficulty in detecting facial disguises. The use of 
thermal mid-wave infrared (MWIR) portion of the 
electromagnetic (EM) spectrum solves the problem of 
light variability. Also, any foreign object on a human 
face such as a fake nose could be detected, as foreign 
objects have a different temperature range than that of 
human skin. 

 
Fig. 1 Block Diagram 

 
Extracting thermal imaging features, producing 
templates that rely on the most consistent features, 
and matching these features through newly developed 
similarity measures for authentication shows in Fig. 
1. 
 
II. MATERIALS AND METHODS 
 
The work presented in this study consists of three 
major modules: 1) collection of thermal images, 2) 
feature extraction, and 3) feature matching. 
 
1.  Collection Of  Thermal Images 
 
Each subject was asked to sit straight in front of the 
thermal infrared camera and asked to look straight 
into the lens and a snapshot of their frontal view was 
taken in Fig. 2. 
 

 
 

Fig. 2 Thermal images 
 
2.  Feature Extraction 
 
The thermal signature extraction process has four 
main sections: face segmentation, noise removal, 
image morphology, and post-processing. 
 
A.  Face Segmentation 
The segmentation process was achieved by 
implementing the technique in which typical region 
based active contour. The face of the subject was 
segmented from the thermal image. 
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Fig. 3 Face segmented image. 
 
In Fig. 3 shows the facial region segmented does not 
take into consideration the neck and hair area of the 
subject. 
 
B. Noise Removal 
 
After the face was segmented from the rest of the 
thermal image, we proceeded to remove unwanted 
noise in order to enhance the image for further 
processing.  
 

 
       (a)                                     (b) 

 
Fig. 4 (a) Speckle noise (b) Removal of speckle noise. 

 
Fig. 4 shows the significance of the anisotropic 
diffusion filter in this particular application is to 
reduce spurious and speckle noise effects seen in the 
images. 
 
C. Image Morphology 
 
Image morphology is a way of analyzing images 
based on shapes. The effect of an opening operation 
is to preserve foreground regions that have a similar 
shape to the structuring element or that can 
completely contain the structuring element, while 
eliminating all other regions of foreground pixels.  

 
 

Fig. 5 Skeleton signature. 
 
The top-hat segmentation has two versions, for our 
purpose we use the version known as white top-hat 
segmentation as this process enhances the bright 
objects in the image. In Fig. 5 shows the signature of 
skeleton. 
 
D. Postprocessing 
 
After obtaining the maxima in the image, the 
skeletonization process is used to reduce the 
foreground regions into a skeletal remnant that 
largely preserves the extent and connectivity of the 
original region. 

 
 

Fig. 6 Illustrative skeleton signature overlaid on the thermal 
image. 

 
A positive search results in a 1 and a miss results in a 
0. The skeleton signature should overlaid on the 
thermal image shows in Fig. 6. 
 
3.  Similarity Measures 
 
Similarity measures are widely used in applications 
like image databases, in which a query image is a 
partial model of the user’s desires and the user looks 
for images similar to the query image. We make use 
of similarity measures because we are attempting to 
find a thermal infrared template similar to the query 
thermal infrared signature. 
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Table I Type 1 similarity measures [Lesot and Rifqi 
2009] 

 

 
 
We propose the use of a similarity measure based on 
the well-known Euclidean distance to match a 
thermal facial signature to its corresponding thermal 
facial template in the database.  Table I lists some 
Type 1 similarity measures. 
 
III. RESULTS 
 
To demonstrate the distinctiveness of the generated 
templates for each of the subject, we calculated the 
similarity between the various templates. 
  
The computation of STT(A-->B) where B is the 
template of subject 10 shown in Fig. 7, and A is the 
template for all subjects in the database, shown in 
Fig. 8-14. The images in Fig. 8a-14a show the 
overlay of B and A, the images have been resized to 
see more clearly the overlay of the templates. 
 

 
 

Fig. 7 Template of subject 10. 

   
 
Fig. 8 Template of subject1. Fig. 8a Template of    subject1 

(red) overlay with template of subject 10 (white). 
 

  
 
Fig. 9 Template of subject2. Fig. 9a Template of    subject2 
(red) overlay with template of subject 10 (white).   
 

 
 
Fig. 10 Template of subject3.  Fig. 10a Template of    subject3 
(red) overlay with template of subject 10 (white).   
 

  
 
Fig. 11 Template of subject4. Fig.11a Template of    subject4 
(red) overlay with template of subject 10 (white).   
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Fig. 12 Template of subject5. Fig.12a Template of    subject5 
(red) overlay with template of subject 10 (white).   
 

  
 
Fig. 13 Template of subject6. Fig.13a Template of    subject6 
(red) overlay with template of subject 10 (white).   
 

  
 
Fig. 14 Template of subject7. Fig.14a Template of    subject7 
(red) overlay with template of subject 10 (white).   
 

Table II Similarity values 
 

Template Template subject 10 as 
reference. 

Similarity Value 

Subject 7 1.0000 

Subject 2 0.3082 

Subject 3 0.3057 

Subject 6 0.2841 
Subject 4 0.2815 
Subject 5 0.2609 

In Table II we show the similarity values obtained 
from applying Euclidean distance based similarity 
measure between the reference template of subject 10 
and the templates for all subjects in the database. The 
values show that the template for subject 10 is 
correctly matched to its own template with a 
similarity value of 1 or 100%. 

 

 
 

Fig. 15 Overlay of template (white) and signature (red) for 
positive match of subject. 

 
In Fig. 15 we show the overlay of the template and 
signature corresponding to a positive match for 
subjects. These subjects had the highest similarity 
values. 
 

 
 

Fig. 16 Accuracy of matching for distinct signatures taken at 
different time to the skeletonized templates generated using 
two, three, or four thermal signatures in the database using 

Euclidean distances. 
 
In Fig. 16 displays the trend in the accuracy as a 
function of the number of images used for the 
generation of the template. 

 
When we compared template to template using the 
Euclidean-based similarity measure, the template 
matching was 100% accurate. 
 
IV. DISCUSSION 
 
We propose a dual front evolution principle to find a 
potential weighted global minimum partition curve 
within an active region, not in the whole image shows 
in Fig. 17. 
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Fig. 17 Active contour region growing technique. 

 
Such high accuracies in the matching process clearly 
demonstrate the ability of the developed thermal 
feature extraction and the Euclidean distance based 
similarity measure for accurate, low cost, and 
effective subject matching. 
  
Higher similarity measures are always essential in 
biometric matching processes. The Skeletonized 
signature contributes to the high accuracies obtained 
in the results. 
 
The developed technique is simple and fast and yields 
good accuracies. The results show that matching the 
skeletonized signature of a subject using a similarity 
measure is the ranking of the values. Also, PCA was 
used for validating the results of the similarity 
measure process. The validation provided good 
results with perfect matching. 
 
Regions that show little or no changes in the structure 
use the same initialization. Here is no difference in 
performance based on whether the facial expression 
for the probe image acquisition is matched to the 
facial expression for the gallery image acquisition. 
 
CONCLUSION 
 
A novel approach for biometric facial recognition 
based on extracting consistent features from multiple 
thermal images. Dual–front active contour region 
growing technique to segment the subject’s face and 
remove neck and hair region from face. A 
morphological image processing technique was 
developed to extract features from the thermal 
images, thus creating skeleton signatures. These 
signatures were used to create templates which were 
then matched using similarity measures.  
 
 
 
 
 
 
 
 
 
 
 

The matching between templates and signatures was 
done twice using a similarity measure based on the 
Euclidean distance. Using the Euclidean-based 
similarity measure, we obtain 100% accuracy for 
skeletonized signatures. High accuracy in the 
matching process and the Euclidean distance-based 
similarity measure for accurate, low cost and 
effective subject matching. The accurate results 
obtained in the matching process along with the 
generalized design process clearly demonstrate the 
ability of the thermal system to be used on other 
thermal imaging-based systems and their related 
databases. 
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