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Abstract:
Likelihood ratio (LR) serves as a means for quantifying the strength of evidence in a forensic environment, but a number of issues arise when trying to estimate it. There have been different ways of estimating a likelihood ratio and there is still a very high percentage of inconclusiveness and disagreements in these ways in the presence of nuisance parameters.

Our research came up with a way to estimate a likelihood ratio, handwriting patterns for each writer was learnt over a period of time using the artificial neural network (ANN), numerator for the likelihood ratio still remained the questioned document but in estimating our denominator, we employed the use of one-on-one exhaustive mapping among every individual believed to be a suspect.

Our results supported Hp (LR>1.00) with 97.6% and 90.42% for best case and worst case respectively and was against Hp (LR<1.00) with 2.4% and 8.98% for best case and worst case respectively with an inconclusive rate of 0% for both cases.

Our research showed that learning the writing pattern of an individual over time, with one-on- one exhaustively mapping to estimate the denominator will not only lead to a likelihood ratio with no nuisance parameter involved but also a likelihood ratio with no inconclusiveness and a low rate of disagreement.
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Introduction.
Handwriting may be some or all of these things. For some it is purely an art form, and the neatness and accuracy of the  presentation is  the  main  focus. For others, it needs to  be  a functional tool which allows them to put ideas on to paper, effortlessly and fast.

Our handwriting is very personal, a part of our self-image and an expression of our personality, just as the way we dress and present ourselves. We all have a view on how our handwriting appears to others and would sometimes like that image to be different!

Handwriting is a means of expressing language, just like speech, and it also leaves a lasting trace. Some call it 'Language by Hand'. It is a physical way of expressing thoughts and ideas and a means of communicating with others.

Handwriting is the writing done with a writing instrument, such as a pen or pencil, in the hand. Handwriting includes both printing and cursive styles and is separate from formal calligraphy or typeface.

Characteristics  of  handwriting  include:  specific  shape  of  letters,  e.g.  their  roundness  or sharpness, regular or irregular spacing between letters, and the slope of the letters, the rhythmic repetition of the elements or arrhythmia, the pressure to the paper, the average size of letters, the thickness of letters. Various handwriting recognition systems have been reported over the last few decades(Raashid Hussain, Ahsen Raza, Imran Siddiq, 2015). .

Each person has their own unique style of handwriting, whether it is everyday handwriting or their personal signature. Even identical twins who share appearance and genetics do not have the same handwriting. A person's handwriting is like that person's fingerprints: people might be able to copy it, but never write it in an identical way. The place where one grows up and the first language one learns melt together with the different distribution of force and ways of shaping words to create a unique style of handwriting for each person. Because each person's handwriting is unique and different, it can be used to verify a document's writer. A sample of a person's writing can be compared to that of a written document to determine and authenticate the written document's writer; if the writing styles match, it is likely that one person wrote both documents.

Document Examination, as an established field of scientific study, came into being early in this century as a means of identifying forgery and establishing the authenticity of documents in dispute Identification of handwriting and signatures, Identification of a document as a forgery, Identification of typewriters, check writers, and photocopies, Detection of alterations, additions, deletions, or substitutions, Deciphering alterations and erasures, Identification and deciphering of indented writing, Comparisons of inks and identification of type of writing instrument are Scopes of Document Examination.

Research Questions.
Though likelihood ratio is used for quantifying the strength of evidence in forensic data, a number of issues arise when trying to consider how to go about estimating a likelihood ratio with little or no nuisance parameter.

The problem statements therefore present the following research questions:

    How do we estimate the denominator of a likelihood ratio in a forensics environment?

    What parameters should be put in place when estimating a likelihood ratio?

    Can the likelihood ratio modified be repeatable and reproducible? Amongst other questions.

Aims and objectives
To develop an  improved handwriting recognition model using modified likelihood ratio to reduce the problem of inconclusiveness in forensic decision. The objectives are:

1.  To  model  the  signee  data  with  corresponding  signature  to  reduce  the  problem  of inconclusiveness in forensic judgment

2. To develop a robust feature extraction algorithm for forensic data

3. Develop extended full likelihood ratio that employs little or no nuisance parameter

4. Evaluate the developed model in terms of FAR or FRR

Approach.
 
Manually get handwriting of various people written over time scan and preprocess these handwritings into an image.

    Segment and cluster the handwriting images into various classes of handwriting.

    Extract distinct features from the various classes of handwriting.

    Learn the pattern of the various classes of handwriting.

    Estimate likelihood ratio using two common likelihood ratio logistics regression (LR)

and kernel density estimator (KDE)

 
Compute  likelihood  ratio  where  all  data  about  the  numerator  is  on  the  questioned document

    Selection of the denominator was done with one-on-one exhaustive mapping.

    Evaluation of the developed using FAR, FRR and EER.

Likelihood ratio = Posterior ratio / prior ratio
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The numerator in handwriting is not really an issue as numerator will always be from the same source as it is all about the questioned document but a number of issues arise when one considers how to go about estimating the denominator for the likelihood ratio. Some of these issues are related to what approach are used in generating the denominator. Three different approaches have been considered using the same dataset but generating different results which include a high percentage of inconclusiveness. These approaches include pairing (1) the item of known source with randomly selected items from a relevant database; (2) the item of unknown source with randomly selected items from a relevant database; (3) two randomly generated items.

We considered a modification to the likelihood ratio to reduce the percentage of inconclusiveness when the numerator is still about the document in question but when it comes to estimating the denominator, one-on-one exhaustive and inclusive mapping was employed.
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Where P(y/θ) is the conditional probability that the questioned document exist given that the suspect is the originator, y= questioned document, θ = Suspect. The denominator will be an m ×n matrix where everybody goes round with every other person in the database of pool of suspected criminals

(E.) = one on one Exhaustive Mapping
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