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Abstract— Divers features of human body are being explored on 

daily basis for person identification based on their uniqueness to 

individuals. The use of fingerprint in crime investigation has come to 

stay, but criminals are getting smarter by protecting their fingerprints 

from being evidence at a crime scene. Concealing of footprint or shoe 

print is yet to become popular, some criminals still go bare footed to 

crime scene. Footprint can be secured and analysed using image 

processing techniques such as de-noising, image partitioning, pattern 

matching This research looks at the inimitability of person footprints, 

should in any circumstance foot prints are found at a scene and are 

required to suggest a suspect or criminal. Image processing 

algorithms are employed to analyse barefoot prints in other to 

establish the uniqueness of the footprints. 

I. INTRODUCTION

  Forensic analysis is the use of controlled and documented 

analytical and investigative techniques to identify, collect, 

examine and preserve digital information. Meanwhile these 

analyses can also be the adopted in investigation of scenes of 

crime, where various evidences are left behind. 

  Forensic experts adopt diverse techniques to analyse 

evidence that are found at crime scene. The technique to adopt 

is determined by the type of evidence found; the evidence 

could be physical, trace, or biological. Some of the techniques 

include the image processing technique. This is used when 

evidence found can be registered as an image such as face 

evidence, fingerprint, tire tracks, foot print or shoe prints. 

Biological evidences that are from body features can be used 

to identify the person whose feature it is.  

  The process of using the footprint evidences for investigation 

or examinations consists of two processes: first the recovery 

process, which includes the discovery and preservation of the 

prints, and the second, the identification process, which 

involves evaluation, comparisons and findings related to the 

recovered impression Grieve 1988. As cited by [17] 

  The identification process involves the use forensic 

analysis techniques for analysis and evaluating the footprint 

for identification, this is done by first taking in the foot print 

as image for processing. 

  Image processing is a rapid growing aspect of computer 

science. Its growth has played a major role in the analysis of 

images or prints for forensics analysis. Image processing is a 

subset of the electronic domain or digital signal processing 

whereby an image is converted to an array of small integers, 

called pixels, representing a physical quantity such as scene 

radiance, stored in a digital memory, and processed by 

computer or other digital hardware [12]. Image processing can 

be defined as a process of extracting meaningful and useful 

information from an image [2].  

  An image is represented by a rectangular array of integers. 

An image f(x,y) is divided into N rows and M columns. The 

intersection of a row and a column is termed a picture element 

(pixel). The number at each pixel represents the brightness or 

darkness (generally called intensity) of the image at that point. 

This implies that a pixel represents a value of either light 

intensity or colour [4][11]. 

  Digital image processing is concerned primarily with 

extracting useful information from images; it starts from one 

image and produces a modified version of that image. This 

according to [10] involves the usage of complex algorithms to 

process the image before further extraction of useful 

information.  

  Foot prints to forensic experts when captured are taken as 

images and are treated as such for analysis and person 

identification, the prints are checked against database of 

footprint for any match in pattern. 

II. RELATED WORKS

  A lot of research work has been carried out on footprint 

recognition and also barefoot morphology [1][3][5][7][14]

[15]. However, regardless of this the field of human 

identification based on footprint is still in embryonic stage. 

This is perhaps because existing work on footprint tracking 

and recognition is limited [15]. Also in some of the existing 

work, the approach used in footprint recognition involved 

manually sifting through a large database of captured foot 

prints, trying to find a match with the print found at the crime 

scene [3]. 

  Subsequently, this research proposes a probable faster 

and easier means of electronically sifting through a 

International Journal of Intelligent Computing Research (IJICR), Volume 6, Issue 1, March 2015

Copyright © 2015, Infonomics Society 527



database of barefoot print to find a match of any acquired 

footprint. The feature on the foot print that this work focuses 

on is the weight bearing areas of the foot print. As this is 

different with individuals. 

III. BAREFOOT MORPHOLOGY

  Barefoot Morphology is the structure of a foot. Research has 

shown that there are many factors which influence changes in 

the size and morphology of the foot such as: sex, weight, 

pregnancy, nutrition, age, genetics, disease, regional and 

ethnic variations due to heredity, and various environmental 

conditions such as climate [1] 

  Barefoot morphology comparison refers to the examination 

of the weight bearing areas of the foot [5]. The weight bearing 

area of a foot is determined by the part that bears largest 

concentrate of the body weight. This can be determined by 

first studying the structure of a foot. 

  According to [13], the human foot is a highly 

developed, biomechanically complex structure that serves to 

bear the weight of the body as well as forces many times the 

weight of the human body during momentum. There are about 

26 bones in the human foot that provide structural support. 

Considering the variation in different individuals’ bone 

heaviness or weight, body weight, bone pattern or shape 

resulting from deformity or diseases, individuals have unique 

patterns to the weight-bearing part of the foot. Research 

indicates that no two people have the same foot shape [9]. The 

foot can be subdivided into the hind foot, the mid foot, and 

the forefoot. The hind foot is composed of the ankle bone. 

The mid foot contains five irregular bones that form the arches 

of the foot, which serves as a shock absorber. The forefoot is 

composed of five toes [6]. 

  Standing on the feet, gives a foot prints that shows the 

weight bearing areas of the foot; either the forefoot, mid 

foot or hind foot. This is unlike the print taken in a seated 

position which bears little or no weight [8]. 

There are three types of arch height that are associated with 

human feet this determine how an individual works as well as 

the kind of print each foot makes. The arch heights include 

normal arch, high arch and flat arch. The arch height varies 

amongst individuals, hence the variation in shape and print of 

feet [8]. 

  For the purpose of enhanced barefoot comparisons, this 

research is proposing foot comparison that is done bearing in 

mind the arch type of a foot, segmenting the foot print into the 

hind, the mid and fore foot, before extracting and comparing 

the weight bearing areas of different feet for match. 

IV. IMAGE PROCESSING ALGORITHM

  These are the algorithms use for processing images. These 

are done in phases after the image had been acquired. The 

various phases for the processing includes noise removal, 

image partitioning or segmentation, feature extraction and 

finally pattern matching. This paper adopts all the phases. 

A. Noise Removal 

  Footprints images are prone to different kinds of noise, which 

are introduced in divers’ ways, either at acquisition point or 

point of transfer. They are threats to the real image, hence the 

importance of noise removal. This paper adopts the use of 

mathematical morphology operations for noise removal from 

the footprint. Mathematical Morphology operations are based 

on: Erosion and Dilation [16]. 

  Morphological Opening is the operation used to de-noise the 

footprints, this is simply an erosion process followed by 

dilation.  

The opening is expressed as follows 

…1

Where X is the image, B is the structuring element also known 

as kernel, , 

B. Image Partitioning 

  After the noise removal, the image is partitioned into 

segments. With the aim of considering the intensity value of 

each sub region, the foot prints were partitioned into the regions 

of the foot; the hind, fore and mid foot. The following line of 

code was used for the partitioning: 

footSubimage=mat2cell (newFootPrint, 

[xF2,xF2,xF2],[yF2,yF2]); 

C. Feature Extraction and Matching 

  The feature considered is the intensity value of the print on 

the regions. The region bearing the greater weight is meant to 

have the higher intensity value. The pixel values assigned to 

each region are measured for the region with higher intensity. 

Then the Standard deviation of the pixel values of each region 

was calculated 

µ is the mean 

x is the image and N is the total number of values. 

  The values are then plotted in a graph against the each region 

label. For matching a test print is now compared with other 

foot print in the generated database.  

V. METHODOLOGY 

  To acquire the foot prints for the analysis, volunteers were 

invited to step on an ink pad and then on a cardboard paper to 

make their footprint. Then the prints were scanned using a 

mercury scanner 2000c into the system for further analysis.  

  The use of Matrix Laboratory (Matlab) was employed by this 

research for the implementations of morphological opening for 

noise reduction, image partitioning, feature extraction and 

intensity matching. 

VI. EXPERIMENTAL RESULTS

A. Experimental Results on De-noising 

  The scanned prints are de-noised using the morphological 

opening. Figure 1 below show the foot print the original and 

the de-noised print.  
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      Original footprint               De-noised footprint 

Figure 1 showing the original footprint and the de-noised 

footprint using Morphological Opening  

B.  Experimental Result on Partitioning 

  After the de-noised image had been partitioned the 

resulting output is shown in figure 2 below 

Figure 2 Partitioned foot print with each region labelled 

C. Experimental Result on Matching 

A test foot was now trained against other foot in the database. 

Below are just three categories of the output found for 

matching the test print with foot print in the database. 

Figure 3: Intensity comparisons between prints using graph 

  Figure 3 above shows the graph representation of 

intensity comparison of the regions in the Test print with one  

Figure 4: Intensity comparisons between prints using graph 

  Figure 4 shows the comparison between the test print and 

another foot print that does not have any similarity in their 

intensity values. 

  Meanwhile figure 5 below shows the comparison of the test 

print with itself giving an output that has same intensity at 

same point. 

 Figure 5: Intensity comparisons between prints using graph 

of the print in the database. It can be deduce from the graph 

that the test print is not the same as the footprint. They only 

have similar values at region 2, 3 and 6. 

VII. CONCLUSION

  This paper adopted mathematical morphology, image 

partitioning (resizing) and graph representation to analyse 

barefoot print for person identification. This proposed system 

cannot work as a standalone system for person identification 

but as a support system. It can be adopted for use by 

organisation or forensics experts, but the data capturing must 

be done carefully, so that additional pressure will not be 

introduced that will make the acquired data inconsistent for 

analysis as the intensity value is feature needed for 

comparison. 
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