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1.0:  Background and Introduction 

The Forensic Language-independent Analysis System for Handwriting IDentification (FLASH 

ID) is a fully functional software application designed to compare an unknown writing sample 

against a database of known reference writing. For each query based on a questioned document, 

FLASH ID returns a ranked list of the known samples  based on embedded graphical similarity 

to the unknown document.  FLASH ID works by maintaining a database of information derived 

from reference handwriting and determines whether a new, unidentified writing specimen, such 

as a questioned document, has a high degree of similarity to any of the writings in the database. 

FLASH ID operates on a conventional personal computer platform—including laptops. 

Questioned documents subjected to biometric analysis are scanned and passed to FLASH ID as 

image files. Once the image has been captured, FLASH ID distills the biometric content from the 

handwriting, compares this content to reference samples stored in a database, computes scores 

representing biometric similarity between the questioned document and known documents, and 

compiles the results in a ranked list of all writers from the database. The writer at the top of this 

list bears the strongest biometric similarity to the writer of the captured specimen. 

Currently, FLASH ID uses a competitive scoring matrix to determine the most similar writers 

from a database to the test document.  Determining a likely candidate from analyzing the scoring 

involves identifying a significant gap in scoring from one writer to the next, indicating strong 

separation between handwriting characteristics.  However, in actual casework, there are many 

factors that can limit the gap between scoring, such as quantity of writing or size of the writing in 

the sample.   

FLASH ID calculates its comparative score based on several measurements taken of graphemes 

(small graphical elements that may be individual letters, parts of letters, or groups of letters) 

within a writing sample and how those grapheme measurements compare to grapheme 

measurements in other known writing samples.  For every comparison between the test 

document and each reference document, scores are produced based on grapheme 

similarity/dissimilarity and the samples are ranked in order from the highest score in the first 
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position, to the lowest (many times negative) score in the last position.   In the analysis of the 

FLASH ID recognition results, the user must examine the scores for a significant difference 

between sequentially ranked samples.  A significant gap in the scoring suggests a significant 

difference in at least one grapheme measurement and, therefore, the candidate sample(s) ranked 

on the top edge of the gap are potentially associated.  There are two issues associated with this 

approach for interpretation of scores: the true writer may not always be the highest scoring writer 

and the true writer may not be in the database. The former is a function of the algorithm 

performance; the latter is true of any automated system that uses comparison to databases that 

are not exhaustive of the population.  

FLASH ID will always be limited by the contents of the databases; this is not an issue that can be 

addressed in the development of the software, but rather a function of the completeness of the 

databases.  Limitations in score interpretation are mitigated in Latin-based languages by having 

the user compare the top-ranking writing samples to determine if an association does exist, or if 

the writer is low scoring or not in the database.  This mitigation is currently not possible for non-

Latin based languages, because there are no examiners in the FBI Laboratory who can perform a 

similar comparison; therefore, creation of a scoring system that would provide scores related to a 

confidence level of the association would allow the examiner to provide some interpretation to 

the results obtained from FLASH ID in non-Latin based languages.  Hopefully, this will 

minimize the possibility of forwarding high-scoring candidate(s) when an association does not 

exist, or the writer is not in the database. 

1.1:  Purpose of this Report 

This report discusses a proposed method of scoring—originally developed for latent fingerprint 

matching—that would provide objective support in discrete and continuous scripts such as Latin-

based languages (upper and lower case) in which forensic examiners are conducting handwriting 

comparisons.  With current challenges in the legal system, any objective support that can be 

provided with the examiner’s report and opinion will strengthen the scientific foundation of the 

handwriting comparison.  
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• The purpose of this report is to explore the objective scoring approach evaluated under an 

NIJ grant for latent fingerprint comparison (using LatentSleuth’s fingerprint matching 

technology) for feasibility of use within the forensic handwriting domain (using FLASH 

ID).  

• Our initial findings demonstrate the proof of concept (PoC) that utilizing the same 

general scoring algorithm from latent fingerprint research yields similar statistical 

properties when applied to handwriting. The approach is feasible within processing 

power currently applied to FLASH ID using data from the FBI500 writer database. 

1.1:  Technical Approach 

A true objective score incorporated within FLASH ID will allow the FBI forensic document 

examiners to provide interpretation to the FLASH ID results in a statistical manner similar to 

the method used for presenting DNA evidence. Additionally, the objective score will open an 

avenue for examining writership of non-English documents and those with non-Latin 

characters—the handwriting on these documents are often not examined forensically if the 

examiners are not proficient in the language of the document. 

 

The proposed Objective Scoring Algorithm uses large populations of known, non-matching 

references to create a predictive model specific to a given test document to compute the rarity of 

a given 1-1 comparison. This process leverages similarity scores between extracted features in 

the test document and a given reference, and has been successfully applied in latent fingerprint 

examination. The following two points compare the approach applied to fingerprints and 

handwriting. 

 

• Fingerprints: the test sample is a latent, the features are small sample of level 2 ridge detail, 

and the scores are based on geometric similarity of the features between a latent and a 

reference, given an accurate ‘best warp’ between their two spaces (Latent Sleuth). 

• Handwriting: the test sample is a test document, the features are graphemes, and the scores 

are the rewards output from discriminant analysis between a test and reference document 

(FLASH ID). 
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The discussion on the ensuing pages draws from techniques developed to improve the scoring 

capabilities of Sciometrics’ LatentSleuth product. These techniques were tested and refined 

under a grant from the NIJ (Funding Opportunity Number NIJ-2017-11080).  

The technique is a two-step process. Step one involves the creation of an Initial Model of 

Spurious Similarity using a small set known non-mate writers. This set is referred to as the Base 

Writer Set and can be the same writers used as the Base Writer Set in the current FLASH ID 

scoring system. For this study, we used a 50-writer Base Writer Set. In this step, each grapheme 

in the Test Document is compared in pairwise fashion to the writers in the Base Writer Set (who 

compete with each other for similarity to each test grapheme).  

The ‘Initial Model’ is actually a set of similarity data completely internal to the Base Set. A 

‘General Similarity Model’ will be created using a new (random) set of reference writers. We 

need a ‘Base Set’ (or an ‘Initial Model’) in order to generate similarity (to the QD) data for these 

new reference writers. Through competition with the Base Set writers for similarity to the QD 

(test probe), similarity data for this new writer is imbedded into the Base Set only similarity 

model. This data comprises an ‘Objective Measure’ of similarity to the QD for that reference 

writer. The ‘General Similarity Model’ created from this process is then a model of similarity 

relative to the measured similarity of the Base Set to the QD. The General Similarity Model is 

used to predict Rarity for a new reference writer whose similarity (to the QD) data is computed 

exactly as it was for each model building reference writer. The Rarity Prediction from the 

General Model will be independent of the specific Base Set used for and Initial Model. The 

Rarity Prediction will be a Data Base Random Match Rarity relative to the data base from which 

the model building reference writers are selected.  

The Model coming out of this process provides the following capabilities for the evaluation of 

Reference Set Writers: 

• An objective measure of the degree of similarity that an arbitrary writer exhibits to the 

Test Document; 
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• The computational ability to compute the objective similarity measure for all writers in a 

very large set of known non-mates to create a basis for providing an assessment of the 

rarity of the objectively measured similarity of any Reference Writer. 

Step two involves competing the Reference Set Writers against the Base Set Writers.  

• (a) Each reference writer’s similarity data is independently ‘created’ via competition with 
Base Set writers.  

• (b) A General Model is created by doing this for a randomly selecting reference writers 
from a deliberate data base.  

• (c) The General Model is the vehicle for predicting ‘data base rarity’ for a writer of 
interest whose similarity to the questioned document is computed exactly as it was for 
each reference writer used to generate the General Model.  

We introduce the symbol omega, ω, to represent a grapheme in the Test Document. For all pairs 

of Base Set Writers for any ω in the Test Document, we compute Pairwise Competitions between 

the Base Set Writers for similarity to the test grapheme. We also compute Pairwise Competitions 

between each Reference Writer and all Base Set Writers for each grapheme, ω, in the Test 

Document. Reference Set Writers do not compete against each other. Figures 1 and 2 display the 

pairwise competition patterns and formulas. Figure 1 describes pairwise competitions between 

Base Set Writers. Figure 2 describes pairwise competitions between Reference Set Writers and 

Base Set Writers. Each cell in the competitive matrix represents the Reward Score awarded to 

the writer based on the similarity of that writer’s canonical variable for the grapheme class of the 

grapheme ω. A canonical variable is a variable constructed from several other variables. In the 

case o handwriting, a canonical variable is created from geometric data such as physical angular 

measurements.  
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Figure 1: Pairwise Competitions between Base Set Writers 

Figure 2: Pairwise competitions between Reference Set Writers and 
Base Set Writers 
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Figures 3 and 4 introduce the concept of a Writer i competing against the Base Set as a whole. In 

Figure 3, the Writer i is itself a Base Set Writer. In Figure 4, the Writer i is a Reference Set 

Writer. 

 

 

 

 

 

 

 

 

We modify Si,j(ω) by setting Si,j(ω) = 0 when it is negative. Si,j(ω) represents reward values 

(either to writer ‘i' or writer ‘j’) and setting to zero eliminates the possibility of a “negative 

reward”. 

For fixed Writer i and grapheme ω in the Test Document, we define Ri(ω) as the sum (over Base 

Set Writers j) of the modified Si,j(ω). In Figures 3 and 4, Ri(ω) is the sum of positive values in 

the row of orange cells. Similarly, for fixed Writer i and grapheme ω in the Test Document, we 

define Ci(ω) as the sum (over Base Set Writers j) of the modified Sj,i(ω). In Figures 3 and 4, 

Ci(ω) is the sum of positive values in the column of blue cells. 

Ri(ω) is the total of winning scores for Writer i in competitions with all Base Set Writers j, and 

Ci(ω) is the total of winning scores for all Base Set Writers j in competitions with the Writer i. 

Figure 3: Writer i competing against the Base Set as a whole. In this 
example, the Writer i is itself a Base Set Writer.  
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For each Writer i, define Si(ω) as log((Ri(ω) +.5)/(Ci(ω) + .5)). Heuristically, Si(ω) is the ‘Log 

Odds of Writer i Beating the Base Set.’ 

  

 

 

 

 

 

 

 

 

 

 

 

In order to achieve an informative statistic for the similarity of a writer to the Test Document, we 

perform the additional step of comparing Si(ω) and Sj(ω) for all pairs of Writers i and j, where i 

and j cannot both be from the Reference Set of Writers (i.e., at least one of the i or j must be 

from the Base Set). Define 

Ti,j(ω) = log[((Ri(ω) +.5)/(Ci(ω) + .5)) / ((Rj(ω) +.5)/(Cj(ω) + .5))] 

Heuristically, Ti,j(ω) is the logarithm of an odds ratio at the grapheme ω level. 

The Si(ω) scores measure how Writer i competes on similarity to the Test Document against the 

Base Set of Writers at the Test Document grapheme ω; and Ti,j(ω) compares how Writers i and j 

compete against the Base Set of Writers at ω.  

The set {Ti,j(ω)}i,j,ω are the results of competitions between all Writers i and j at graphemes ω 

of the Test Document. 

Figure 4: Writer i competing against the Base Set as a whole. In this 
example, the Writer i is a Reference Set Writer.  
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Using the {Ti,j(ω)}i,j,ω data, we will explore methods for quantifying the overall performance of 

the Writers in the competitions and for ranking Writers according to their performance. 

Our ultimate goal is to apply these methods to a large randomly selected set of known non-mate 

Writers to build a model that predicts the chance that the observed similarity to a Test Document 

by a new candidate Writer could be achieved by a random Writer. Base and Reference Set Writer 

comparisons are illustrated in Figure 5. 

 

 

 

 

 

 

 

 

 

 

Positive Ti,j(ω) Scores are called ‘Rewards.’ With Writers i and j from the Base Set, the Rewards 
for ‘Writer i versus Writer j’ and for ‘Writer k versus Writer j’ are compared, resolved and 
collected via the data analysis algorithms developed for the latent fingerprint case. These 
complex algorithms ultimately compute from Rewards, for each reference Writer k, a set of 
scores:  zj

i,k. When there are 50 Writers in the Base Set, then there are 2,450 zj
i,k scores for each 

reference  Writer k. Each zj
i,k score is an overall assessment of the similarity of Writer k to the 

test document. Collectively, the zj
i,k scores comprise an objective measure of the similarity of 

Writer k to the test document. Further, when the 2,450 zj
i,k scores are hierarchically reduced to a 

single statistic, that statistic is an Objective Measure of the similarity of Writer k to the test 
document.  

Figure 5:  Writer Reference Set Competitions. 
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We demonstrate below the computation of a model of random similarity to a specific test 

document by computing the Objective Similarity Measure for many randomly selected non-mate 

writers.  

1.3:  Overview of Research Methods 

As previously noted, the basis of the technique described here is derived from research 

performed on creating a statistical error prediction for an objective measure of similarity to an 

image of a latent fingerprint. There are a number of issues to be resolved in determining the 

effectiveness of this technique when applied to handwriting, including: 

1. What is the proper number of Writers for the Base Set? 

2. Should the Base Set be fixed for a given language or should it vary based on the Test 

Document? 

3. What is the minimum number of known non-mate Writers required to build a model? 

4. What is the minimum size (in graphemes) of a Test Document? 

To transfer knowledge gained from fingerprints to handwriting, our research took the following 

steps: 

1. We establish a small ‘Base Set’ of known-non-matching reference Writers that are 

compared against the test document. 

• In FLASH ID, this is the fixed column writers in the FLASH ID database. 

• In these experiments, we use a 50 Writer Base Set. 

2. The required Rewards infrastructure for computing an Objective Measure of Similarity is 

already established in FLASH ID. 

We are able to construct an informative error distribution that is predictive of the rarity of the 

measured similarity of any reference Writer of interest to the test document.  
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2.0:  Summary of Findings 

2.1:  Basic Principles for Scoring Fingerprints and Handwriting 

Figure 6 is a histogram of the Standardized t-Test Data (i.e., zj
i,k scores) for the known non-mate 

writers from the project. The 967,750 scores in the histogram comprise 2,450 scores for each of 

the 395 known non-mate writers. For each writer, the 2,450 scores will be reduced via 

hierarchical computation to a single Objective Similarity Statistic.  

 

 

The Standardized t-Test Scores for the Non-Mate Writers 
 

         t                                                             Cum.               Cum.         
      Mi dpoi nt                                                 Fr eq    Fr eq  Per cent   Per cent         
             ‚                                                                                       
      - 2. 5   ‚                                                   24      24     0. 00     0. 00        
      - 2. 3   ‚                                                  155     179     0. 02     0. 02        
      - 2. 1   ‚ *                                                1001    1180     0. 10     0. 12        
      - 1. 9   ‚ * *                                               4518    5698     0. 47     0. 59        
      - 1. 7   ‚ * * * * *                                            9822   15520     1. 01     1. 60        
      - 1. 5   ‚ * * * * * * * *                                        15452   30972     1. 60     3. 20        
      - 1. 3   ‚ * * * * * * * * * * *                                     21447   52419     2. 22     5. 42        
      - 1. 1   ‚ * * * * * * * * * * * * * *                                  28922   81341     2. 99     8. 41        
      - 0. 9   ‚ * * * * * * * * * * * * * * * * * * * *                            39278  120619     4. 06    12. 46        
      - 0. 7   ‚ * * * * * * * * * * * * * * * * * * * * * * *                         46391  167010     4. 79    17. 26        
      - 0. 5   ‚ * * * * * * * * * * * * * * * * * * * * *                           42705  209715     4. 41    21. 67        
      - 0. 3   ‚ * * * * * * * * * * * * * * * * * * * * * * *                         46844  256559     4. 84    26. 51        
      - 0. 1   ‚ * * * * * * * * * * * * * * * * * * * * * * *                         45758  302317     4. 73    31. 24        
       0. 1   ‚ * * * * * * * * * * * * * * * * * * * * * * * * *                       49347  351664     5. 10    36. 34        
       0. 3   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * *                      51425  403089     5. 31    41. 65        
       0. 5   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                 62044  465133     6. 41    48. 06        
       0. 7   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *               66754  531887     6. 90    54. 96        
       0. 9   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *         78793  610680     8. 14    63. 10        
       1. 1   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   89657  700337     9. 26    72. 37        
       1. 3   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   90375  790712     9. 34    81. 71        
       1. 5   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *          76960  867672     7. 95    89. 66        
       1. 7   ‚ * * * * * * * * * * * * * * * * * * * * * * * * *                       50508  918180     5. 22    94. 88        
       1. 9   ‚ * * * * * * * * * * * * * * *                                 29129  947309     3. 01    97. 89        
       2. 1   ‚ * * * * * *                                          12651  959960     1. 31    99. 20        
       2. 3   ‚ * *                                               4878  964838     0. 50    99. 70        
       2. 5   ‚ *                                                1795  966633     0. 19    99. 88        
       2. 7   ‚                                                  681  967314     0. 07    99. 95        
       2. 9   ‚                                                  262  967576     0. 03    99. 98        
       3. 1   ‚                                                   90  967666     0. 01    99. 99        
       3. 3   ‚                                                   43  967709     0. 00   100. 00        
       3. 5   ‚                                                   22  967731     0. 00   100. 00        
       3. 7   ‚                                                   10  967741     0. 00   100. 00        
       3. 9   ‚                                                    4  967745     0. 00   100. 00        
       4. 1   ‚                                                    1  967746     0. 00   100. 00        
       4. 3   ‚                                                    1  967747     0. 00   100. 00        
       4. 5   ‚                                                    3  967750     0. 00   100. 00        
             ‚                                                                                       
             Šƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒ                                         
                     20000     40000     60000     80000                                            
                                                                                                    
                                Fr equency                                                           

 
Figure 6: Histogram of the Standardized t-Test Data (i.e., zj

i,k scores)  
for the known non-mate writers from the FLASH ID feasibility task. 
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As is the case with latent fingerprint analysis, it is necessary to isolate the informative left-tail of 

the data in Figure 6. The left-tail towards negative scores is informative in that it is the direction 

of increasing similarity of the writers’ known writings to the test  document.  

 
The Negative Similarity Scores are highlighted in the Figure 6 histogram. Some details of the 

informative left-tail are presented by the two plots in Figure 7. Each plot presents data for a 

single Base Set Writer j. Note that each of the 2,450 Standardized t-Test Scores is indexed by 3 

letters (i,j,k): k is the known non-mate reference writer; i and j are Base Set writers. In the 

scoring structure, Writers k and i are compared relative to how each competes with Writer j for 

similarity to the test document.  Note that the ‘True Writer’ data outlies the true non- writer data. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Each of the above plots (Figure 7) has strips of data for a single Base Set Writer i. The outlying 

scores to the left on each line indicate the True-Writer score. The first step in computing the 

Objective Similarity Score is to take the Median, for a fixed Base Set Writer j, of the (i,j,k) 

HW01 where j=30 
 

                         Pl ot  of  i * t .   Legend:  A = 1 obs ,  B = 2 obs,  et c.                            
  i                                                                                                  
 49 ˆ                       A                           A  BAABABDADCABBAEAAEDBDEGGBDCDD EDEFEDBA    
 48 ˆ            A                              A    ABAA ABBAABAAABAAACAACBDECCDDGDBECDCECAFFCC     
 47 ˆ                     A                             A AABAABADBACCACABFB BDEBHHCCBFCCBDDEFDCA    
 46 ˆ                     A                             AAA  CBAB CBAEDAAABAGDAFDECEECCF DDDDEEBD    
 45 ˆ                       A                         A  B AAC BBABCDBCAAD CCEDBEI DBBFCEADCBHEEC     
 44 ˆ                      A                           A AAA CBCABCBBCAACBCBCBEGFECCECCD CECEHCDA    
 43 ˆ                      A                            A AAABCAD BBCCBABCBDACECFFFCBEDCCCEFBFCBC    
 42 ˆ        A                                  A    AAC  BABAB BAAB ABBBABBDECBGBEBGCDEBABEFFFDA    
 41 ˆ       A                                      A  AAC ABBAABB B B CBAACCGBCEADHDECEDACEABFBCC    
 40 ˆ                   A                                 C ABB ACDABBCAABCDBBFDDGDEEBECCCEFCEDDA    
 39 ˆ                   A                                AB   BB DCCDAC DBBCCBDCDCEJDBGADDBDBFEFD    
 38 ˆ                      A                            AB A  BBABEBDAB ADCCBCCDDCBHGCDDCDABEHDFB    
 37 ˆ                     A                              BB  B B  FBD DACADCDCAECCFCECFCDCDEB I EC    
 36 ˆ                          A                          BA A BABCBDCBACDB BEFBDAFFFFBDCDCDCFCGB    
 35 ˆ                      A                              AC BBBAAAFAD CAADDDAFCBKFBAEDCBECDI BDBA    
 34 ˆ      A                                    A    ABB  B BCAAB BAAC   CEADCCGCDDBBECBDEECBAGGA    
 33 ˆ                    A                             AA AADA CBCABBACAACDADEDDCGGBAFCCBCEEEDDBB    
 32 ˆ             A                               A  A  DBABA C  D  CB CBA EEECCACGGDBBCDDBBHBEDA    
 31 ˆ                   A                             AA AA A BAACDACBBCBCBADF DDBHGCDCCCECDCCGFC    
 30 ˆ                                                                                                
 29 ˆ      A                                    A   A CA CAA CAA ABAB AABDCABFB DGGEBDDCBCBBCCDCE    
 28 ˆ         A                                   A   ABB BABAABABAA BBABACCGB FCFFBGEDDB AFBDDDA    
 27 ˆ                    A                          A    A CBAABACCCBAAABBEAED EDHDCDECBADEDEDFCB    
 26 ˆ                     A                              A B  BACC CBEBABC BEBEDAEJCJ CBDBFEBDEEB    
 25 ˆ                   A                              A AA CD CABBBCABAACCEADCDFEEDCBECBCDDEDEBB    
 24 ˆ                        A                        A  B   AACAAEAED BDCAAAFBFADEDECFEACECCGFFB    
 23 ˆ                     A                             A BAACABABBCCCAACDACBBFCEEGACFDBCAEGCEDC     
 22 ˆ                     A                             AB  AAABB DDCCABEACAEADECDDEDDEBBFDECCGEC    
 21 ˆ                 A                              A  BBA ADBA CBAAACABBCCGAEDCDHDCCECCFABCCFCF    
 20 ˆ                A                             AA   D AABC BB BB ABBBBBDDCCBDHDEBCBDFE BFCED     
 19 ˆ              A                               A  ABA AB DAAACAAB C CBBBFCEDAEGECCDAHCCABEDE     
 18 ˆ                    A                              A AAA ABBBCBCADBBCACCDCFBCEGCEEAFB DDEEEC    
 17 ˆ                       A                             BAA BC ADADCBCAACBDBDGBDFGDCCCAFCEDEEE     
 16 ˆ                 A                              AA   DABD BAACAAC BCBADDFDABHFCD ECFCDBBEDCA    
 15 ˆ                A                              B   BB AE B D BAAABACCACECFABI FBE DCFDBDBDDDA    
 14 ˆ                         A                          AAAA BBAADACEBDB CBAECDBFDFECDECCCBDFGCC    
 13 ˆ              A                              A  BA AB CB BB ABAAA D CBBCEDEABGHAE CGBE I DECB    
 12 ˆ                A                              A   BABABBDABACABA ABDBBDDFDEDBDDCBDCBCCHBFCB    
 11 ˆ                  A                             A A  CBBBBABABAABBCAA DI CCBCCI EBBEDBCAFECED     
 10 ˆ                           A                      AA    BBAB  CECBEACE BCBDEECBGEDDCDABECGFB    
  9 ˆ                       A                            AA AABABCBCBDABBBBCCACGDEI CCDDBECBEDGEBB    
  8 ˆ              A                                 AA BAB BDAA ACBAC  CCACECFBADJDDACDDFBB FEDA    
  7 ˆ                 A                                B B CB BBBACA CB E DADDGABI ECCBEDAECEEBFAB    
  6 ˆ                    A                         A    A AAEB CBABAACBBABACDFD GDGE EBECBBHCCFBA    
  5 ˆ                  A                                A BCBABACBBAD CBABCEBDBFBJBCBDG DCCFEDCCA    
  4 ˆ                     A                              BA  DBACABADBABBC DCFCEBGGD EEBBDBHDEDB     
  3 ˆ                        A                          A  A AACCBBCCCBBADBABECEDEHDCEBDB EDHEDC     
  2 ˆ                 A                               A  B  AACACBADDBBABCAADBEECDFFBDDECF DFBFED    
  1 ˆ        A                                   A  A AC ACB ABAAAABA ADAB ECEBDDDFBCBCDBFBGCECAC    
  0 ˆ               A                          A   A   ABBAC BB C AB CABABBAHCEBAFI ADBBCDDCEDDDCA    
    Šƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒ  
     - 4. 0       - 3. 5       - 3. 0       - 2. 5       - 2. 0       - 1. 5       - 1. 0       - 0. 5        0. 0   
                                                                                                    
                                                   t                                                 
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J =30 HW01 where j=20 
 

                         Pl ot  of  i * t .   Legend:  A = 1 obs ,  B = 2 obs,  et c.                            
        i                                                                                            
       49 ˆ              A                               A  B ABCBBD BA  EBFEGBEDEI HFCDI EC           
       48 ˆ            A                             A     BB  CC BB ABCAABCFEHBEELBEFGGHB           
       47 ˆ              A                                AB   BACADCAAA BCECGFCCCI JFECHFD           
       46 ˆ           A                             A     AA  ABDACBAABA BCDI DCDBFGHEEJDCD           
       45 ˆ              A                              A  AA ABACCDAAA  DCFBGFBCDI I HCDHHA           
       44 ˆ             A                               A  B B AADEAAAAAABDDEHCCCGHHEDGEGE           
       43 ˆ              A                               A  AB AAEACBBA ACBFDFFCBFJFGDEHEB           
       42 ˆ           A                              A     AC  CC BB BBB BACHDHBGDFGI CECFE           
       41 ˆ     A                                     A    CA ACBAB B CBB BCCHEDEAI KCEFFEE           
       40 ˆ          A                                   A  B B BCBBCABA CAEEEFDCGFI GCEI EB           
       39 ˆ              A                             A  A A AABDDB AA C EDEGBCEDDLGHDCGD           
       38 ˆ              A                              B  AA BAACCCB  ABC BGBDHEFBGHEGFFC           
       37 ˆ            A                                A  AAA ACBCADB AC CDDFDEEAHFGFFDGD           
       36 ˆ                A                           A   B A C CBE B A CCGACHCEDGHGHDDHD           
       35 ˆ                A                             A  AA CABDCAB AABEFCGDADGKGECHGEC           
       34 ˆ        A                                A     AC  ADAABB BC AC FCCDJGAEDDFGCHC           
       33 ˆ             A                              A   AAABABBCBAAAAACBDFGFBBEJGGBFI DD           
       32 ˆ            A                             A     ACABBB AB BBBAABCFGHABDKHEDBJFB           
       31 ˆ           A                                A  A AAAACCCBAA AAECDBDGCFGFEHEFEFD           
       30 ˆ            A                              A   AAAAA CBBCA BA CCAGEFEADGLEEDGGA           
       29 ˆ         A                                A    BB  CBB ABABABB  EDGFE EHDI CFEHB           
       28 ˆ         A                                A    AC ABCA ABAACA CBCGCGDHDFFCFFGFB           
       27 ˆ             A                             A   AA ACBABCBA A CDCDCHACCI JFDGEFEC           
       26 ˆ             A                               A   B  CBABDBAAA CCCFEDFAEI HI BFEJA           
       25 ˆ            A                                A  B  CBABDB  BABADDDEEEBFI HGBFHDA           
       24 ˆ           A                                B     CABDABBB ACACCEBECEBI DHFHCFI             
       23 ˆ              A                               A AAAA EDA CB  BDBHBFBFDCHHGCFFGB           
       22 ˆ              A                               A A AACCBDA B ABCECCHBBHEEI FHBGGD           
       21 ˆ             A                               A  AAB ACBBBB CAAACCFGFACGKDFGDFFB           
       20 ˆ                                                                                          
       19 ˆ             A                             A    BAA  CDAACAB B CEFEFDAEMFCFEGHB           
       18 ˆ        A                                A  A   AA BCBDAAABA ABHBCGEBDDFGJCHCHB           
       17 ˆ               A                            A    B BBABDABAB  BEEBI CCEEEMDFGFCE           
       16 ˆ               A                             A  A BACABD ABBA BDEGDFBCGHGFCEHED           
       15 ˆ               A                            A  A AAABCCAACAAAAACFGDFBBGI FGCCJFA           
       14 ˆ               A                            A  A A B BBEBABA ABFAGDGDBCEHKCEGGC           
       13 ˆ           A                             A   A BA  AEA B BAAC BBAGGEDBDGGI CDEGD           
       12 ˆ         A                                 A   A BBC BACAB ABACEECEDCCFJGFDCI CB           
       11 ˆ                A                           A  A AACADAAAAACAAABEDHFBBGJFEDDI EC           
       10 ˆ                A                             AA AAAAABCADAAAAADEDEGCCEDHEI EEGC           
        9 ˆ               A                              A AA  ABCCCBBA  CDAHCGDDEGI FDEHH            
        8 ˆ             A                              A  A AB BCBBA CB B DEEGECBGI EEEDI ED           
        7 ˆ             A                               A  B BAAC E AAC BACDFFFCAGJFFDCJFB           
        6 ˆ                 A                           A  A BC CABBBAAAABBEFFFBBFMEFDDI ED           
        5 ˆ              A                               A AAA BBDBC AB BBBEHFBDCEKEGDDJDB           
        4 ˆ               A                             A   B AABADDAAB  BBEEGFCAGJHFCEI DE           
        3 ˆ                A                             A  AA BABFBAAAAAGACFECDEEI I DDHEGA           
        2 ˆ         A                                   A A A BABEC CA  ACEBCHBDAFI HGEFGCC           
        1 ˆ        A                                 A    BAA CC BAAAACB ADDBHCGCFAFI EECJC           
        0 ˆ              A                          A      AABADABAA CBAAACEEFFD HEI FCEEHG           
          Šƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒ         
            - 5             - 4             - 3             - 2             - 1              0           
                                                                                                    
                                                  t                                                  
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Figure 7: Sample strips of data for a single Base Set writer j showing outlying scores (left). 
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scores for each Writer k. Two plots in Figure 8 display the first level median data for the FLASH 

ID Feasibility Task.  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
The plots in Figure 8 show Overall Hierarchical Median for Writer k. A red line marks the 
Overall Hierarchical Median. The plot on the right has the negative Standardized t-Test data just 
for those Writers k that have all 50 of their first level median data negative.  

Observe from the two plots in Figure 8 that the plot on the right is the more extreme right tail of 

the data in the left side plot. It is the data in the right-side plot that is statistically most 

informative concerning similarity to the test document, and it is the data that we use to model 

non-mate similarity to the test document.  

The histogram shown in Figure 9 presents the 78 overall medians for the data from the right side 

plot above together with the corresponding overall median from the True-Mate Writer. These 78 

non-mate data values will be the basis for modeling non-mate similarity to the test document.   

Figure 8: First level median data is plotted at the level (on the vertical axis) of the Overall Hierarchical 
Median for writer k. A red line marks the Overall Hierarchical Median.  
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2.2:  Analysis with HPSEVERTY Procedure (SAS System) 

The SAS System HPSEVERTY procedure is used to evaluate the fit of various probability 

distributions to the non-mate overall medians. The candidate distributions are all defined for 

positive values. Therefore, for modeling purposes, the negative scores in the above histogram are 

treated as if they were positive values. Table 1 presents the results from the HPSEVERTY 

procedure. The selected fitted distribution is the Weibull.  

 

 

 

 

Informative Overall Medians 
 

   Over al l  Medi an                                        Cum.     
  Mi dpoi nt                                          Fr eq  Fr eq    
            ‚                                                     
     - 3. 0   ‚ *                                         1     1    
     - 2. 8   ‚                                          0     1    
     - 2. 6   ‚                                          0     1    
     - 2. 4   ‚                                          0     1    
     - 2. 2   ‚                                          0     1    
     - 2. 0   ‚                                          0     1    
     - 1. 8   ‚ * *                                        2     3    
     - 1. 6   ‚ * * * * * * *                                   7    10    
     - 1. 4   ‚ * * * * * * * *                                  8    18    
     - 1. 2   ‚ * * * * * * * * * *                               10    28    
     - 1. 0   ‚ * * * * * * * * * * * * * * *                          15    43    
     - 0. 8   ‚ * * * * * * * * * * * * * * * * * *                       18    61    
     - 0. 6   ‚ * * * * * * * * * * * *                             12    73    
     - 0. 4   ‚ * * * *                                      4    77    
     - 0. 2   ‚ * *                                        2    79    
            ‚                                                     
            Šƒƒƒˆ ƒƒƒˆ ƒƒƒˆ ƒƒƒˆ ƒƒƒˆ ƒƒƒˆ ƒƒƒˆ ƒƒƒˆ ƒƒƒˆ                 
                2   4   6   8   10  12  14  16  18               
                                                                 
                          Fr equency                              

 
 

GT Writer 

Figure 9: 78 overall medians for the data from the Figure 8 right-side plot together with the 
corresponding overall median from the True-Mate Writer. 

True Writer 
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Table 1: Summary of Results from HPSEVERTY Procedure 

 
 
 
The quantile-quantile plot for the Weibull distribution fit is presented below in Figure 10. This 

plot suggests a good fit of the data to Weibull distribution 

   
  

   

    
 

   

  
 

Model Selection 

Distribution Converged AICC Selected 

Burr Maybe 68.02523 No 

Exp Yes 154.67615 No 

Gamma Yes 69.49253 No 

Igauss Yes 79.99473 No 

Logn Yes 77.13266 No 

Pareto Yes 156.82958 No 

Gpd Yes 156.78352 No 

Weibull Yes 65.85149 Yes 

 

• Weibull = (1/1.0501)*Median - .0442/1.0501 

• The median score for the True Writer is -3.07965.  

So, the corresponding Weibull Score for the True 

Writer is 2.7916 [Accounting for sign changes]. 

• The probability of a Weibull Score being at least as 

large as 2.7916 is: 1 - 0.9999999961 = 3.9087E-9. 

• The corresponding Rarity is 1/255,836,483.  

Figure 10: Quantile-Quantile Plot for the Weibull Distribution Fit. 
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2.3:  Deriving the Objective Score 

The data analysis and model fitting just presented suggests that the general approach for 

designing an objective score used in the NIJ Grant for latent fingerprint scoring can be applied to 

handwriting. The general approach used in the NIJ Grant is: 

• Reduce the data to the tail of data that is informative concerning the competitive 

similarity of the non-mate Writers to the test sample.  

• Fit a Normal Probability Distribution to the informative tail of the data.  

There is a significant difference between the similarity data in the latent fingerprint case and the 

handwriting case. The data in the latent fingerprint case is based on locations dense across the 

Level 2 structure of the latent image. The data in the handwriting case is based on discrete 

segmentation of handwriting. Accordingly, the families of probability distributions that are 

appropriate for modeling non-mate similarity differs between the two cases.  

The approach presented above for handwriting is now applied to one of the latent fingerprint 

examples featured in the NIJ Grant Final Research Report. That example uses the Ugly U260 

Latent from the NIST Special Database 27.  

The U260 data used here consists of a random sample of 19,809 known non-mate fingerprint 

images from a very large fingerprint image data base. The corresponding Standardized t-Test 

Data consists of 48,532,042 scores that are presented in the histogram on the left side of Figure 

11. The intervals for negative scores in this histogram are highlighted in blue. The 794,530 first 

level negative medians (i.e., medians of the negative Standardized t-Test scores for a fixed Base 

Set Image j) are presented in the histogram on the right side of Figure 14. 
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We can demonstrate the application of the handwriting analysis to the U260 latent fingerprint 

data. Steps used for both handwriting and fingerprints as illustrated by the U260 example: 

1. Cut the first level hierarchical medians (within one Base Set j) to the negative ones. 

2. Cut the overall median data to those based on 50 first level medians. 

3. Fit a distribution from the family of distributions for positive data. [We flip the negative 

overall median data to do this.] 

The two plots in Figure 12 present data analogous to the two similar looking plots of the first 

level median data presented above for the current handwriting project.  

Figure 11: Latent Fingerprint Distributions from NIJ Grant. 

 

Standardized t-Test Data for U260 Non-Mate Fingerprints 
48,532,042 Scores 

 
             Scor e                                                                                                 Cum.               
            Mi dpoi nt                                                                                             Per cent               
                                                                                                                                     
            - 4. 8   ‚                                                                                                0. 00              
            - 4. 3   ‚                                                                                                0. 01              
            - 3. 8   ‚                                                                                                0. 05              
            - 3. 3   ‚ *                                                                                               0. 19              
            - 2. 8   ‚ * *                                                                                              0. 70              
            - 2. 3   ‚ * * * * * * * *                                                                                        2. 32              
            - 1. 8   ‚ * * * * * * * * * * * * * * * * * * * * *                                                                           6. 58              
            - 1. 3   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                                    15. 46              
            - . 75   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                        30. 07              
            - . 25   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *     48. 52              
            0. 25   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *        66. 55              
            0. 75   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                            80. 43              
            1. 25   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                                    89. 37              
            1. 75   ‚ * * * * * * * * * * * * * * * * * * * * * * * * *                                                                      94. 45              
            2. 25   ‚ * * * * * * * * * * * * *                                                                                  97. 11              
            2. 75   ‚ * * * * * * *                                                                                        98. 45              
            3. 25   ‚ * * *                                                                                            99. 13              
            3. 75   ‚ * *                                                                                             99. 49              
            4. 25   ‚ *                                                                                              99. 69              
            4. 75   ‚ *                                                                                              99. 81              
            5. 25   ‚                                                                                               99. 88              
            5. 75   ‚                                                                                               99. 92              
            6. 25   ‚                                                                                               99. 95              
            6. 75   ‚                                                                                               99. 97              
            7. 25   ‚                                                                                               99. 98              
            7. 75   ‚                                                                                               99. 99              
            8. 25   ‚                                                                                               99. 99              
            8. 75   ‚                                                                                              100. 00              
                   ‚                                                                                                                  
                   Šƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ                        
                          1000000   2000000   3000000   4000000   5000000   6000000   7000000   8000000   9000000                    
                                                                                                                                     
                                                            Fr equency                                                                

 
 

Negative Standardized t_Test Data for U260 Non-Mate Fingerprints 
794,530 Median Scores for Fixed Base Set Fingerprints 'j' 

 
             Medi an f or  Fi xed j                                                                           Cum.      Cum.                
             Mi dpoi nt                                                                                     Fr eq  Per cent                
                        ‚                                                                                                             
               - 0. 025   ‚ * * * * * * * * * * * * * * * * * * * * *                                                           15852     2. 00               
               - 0. 075   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                               52242     6. 58               
               - 0. 125   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *       106316    13. 38               
               - 0. 175   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   162959    20. 51               
               - 0. 225   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *        216223    27. 21               
               - 0. 275   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *              264634    33. 31               
               - 0. 325   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                   309819    38. 99               
               - 0. 375   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                        350894    44. 16               
               - 0. 425   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                            389088    48. 97               
               - 0. 475   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                424586    53. 44               
               - 0. 525   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                   457461    57. 58               
               - 0. 575   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                      487929    61. 41               
               - 0. 625   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                          515689    64. 90               
               - 0. 675   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                             541525    68. 16               
               - 0. 725   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                                564869    71. 09               
               - 0. 775   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * *                                                   585974    73. 75               
               - 0. 825   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * *                                                     605533    76. 21               
               - 0. 875   ‚ * * * * * * * * * * * * * * * * * * * * * * * *                                                       623512    78. 48               
               - 0. 925   ‚ * * * * * * * * * * * * * * * * * * * * * *                                                         640037    80. 56               
               - 0. 975   ‚ * * * * * * * * * * * * * * * * * * * *                                                           654807    82. 41               
               - 1. 025   ‚ * * * * * * * * * * * * * * * * * *                                                             668390    84. 12               
               - 1. 075   ‚ * * * * * * * * * * * * * * * * *                                                              680927    85. 70               
               - 1. 125   ‚ * * * * * * * * * * * * * * *                                                                692326    87. 14               
               - 1. 175   ‚ * * * * * * * * * * * * * *                                                                 702862    88. 46               
               - 1. 225   ‚ * * * * * * * * * * * * *                                                                  712291    89. 65               
               - 1. 275   ‚ * * * * * * * * * * * *                                                                   721075    90. 75               
               - 1. 325   ‚ * * * * * * * * * * *                                                                    729048    91. 76               
               - 1. 375   ‚ * * * * * * * * * *                                                                     736427    92. 69               
               - 1. 425   ‚ * * * * * * * * *                                                                      742988    93. 51               
               - 1. 475   ‚ * * * * * * * *                                                                       749024    94. 27               
               - 1. 525   ‚ * * * * * * *                                                                        754327    94. 94               
               - 1. 575   ‚ * * * * * *                                                                         759196    95. 55               
               - 1. 625   ‚ * * * * * *                                                                         763563    96. 10               
               - 1. 675   ‚ * * * * *                                                                          767447    96. 59               
               - 1. 725   ‚ * * * * *                                                                          771024    97. 04               
               - 1. 775   ‚ * * * *                                                                           774043    97. 42               
               - 1. 825   ‚ * * * *                                                                           776876    97. 78               
               - 1. 875   ‚ * * *                                                                            779269    98. 08               
               - 1. 925   ‚ * * *                                                                            781396    98. 35               
               - 1. 975   ‚ * * *                                                                            783290    98. 59               
               - 2. 025   ‚ * *                                                                             784919    98. 79               
               - 2. 075   ‚ * *                                                                             786346    98. 97               
               - 2. 125   ‚ * *                                                                             787616    99. 13               
               - 2. 175   ‚ *                                                                              788635    99. 26               
               - 2. 225   ‚ *                                                                              789527    99. 37               
               - 2. 275   ‚ *                                                                              790378    99. 48               
               - 2. 325   ‚ *                                                                              791047    99. 56               
               - 2. 375   ‚ *                                                                              791636    99. 64               
               - 2. 425   ‚ *                                                                              792099    99. 69               
               - 2. 475   ‚ *                                                                              792495    99. 74               
               - 2. 525   ‚                                                                               792815    99. 78               
               - 2. 575   ‚                                                                               793155    99. 83               
               - 2. 625   ‚                                                                               793364    99. 85               
               - 2. 675   ‚                                                                               793582    99. 88               
               - 2. 725   ‚                                                                               793751    99. 90               
               - 2. 775   ‚                                                                               793886    99. 92               
               - 2. 825   ‚                                                                               793997    99. 93               
               - 2. 875   ‚                                                                               794083    99. 94               
               - 2. 925   ‚                                                                               794174    99. 96               
               - 2. 975   ‚                                                                               794267    99. 97               
               - 3. 025   ‚                                                                               794314    99. 97               
               - 3. 075   ‚                                                                               794347    99. 98               
               - 3. 125   ‚                                                                               794386    99. 98               
               - 3. 175   ‚                                                                               794412    99. 99               
               - 3. 225   ‚                                                                               794440    99. 99               
               - 3. 275   ‚                                                                               794457    99. 99               
               - 3. 325   ‚                                                                               794476    99. 99               
               - 3. 375   ‚                                                                               794483    99. 99               
               - 3. 425   ‚                                                                               794492   100. 00               
               - 3. 475   ‚                                                                               794502   100. 00               
               - 3. 525   ‚                                                                               794506   100. 00               
               - 3. 575   ‚                                                                               794515   100. 00               
               - 3. 625   ‚                                                                               794516   100. 00               
               - 3. 675   ‚                                                                               794521   100. 00               
               - 3. 725   ‚                                                                               794523   100. 00               
               - 3. 775   ‚                                                                               794523   100. 00               
               - 3. 825   ‚                                                                               794527   100. 00               
               - 3. 875   ‚                                                                               794528   100. 00               
               - 3. 925   ‚                                                                               794529   100. 00               
               - 3. 975   ‚                                                                               794529   100. 00               
               - 4. 025   ‚                                                                               794530   100. 00               
                        ‚                                                                                                             
                        Šƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒˆ ƒƒƒƒ                                
                               6000   12000   18000   24000   30000   36000   42000   48000   54000                                  
                                                                                                                                     
                                                          Fr equency                                                                  
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In each of these plots, the first level Median data is plotted at the level (on the vertical axis) of 

the overall hierarchical median for fingerprint image k. A red line marks the overall hierarchical 

median. The plot on the left has all of the negative Standardized t-Test data. The plot on the right 

has the negative Standardized t-Test data just for those fingerprints k that have all 50 of their first 

level median data negative. Observe from the two plots that the plot on the right is the more 

extreme right tail of the data in the left side plot. It is the data in the right side plot that is 

statistically most informative concerning similarity to the Latent Image, and it is the data that we 

use to model non-mate similarity to the Latent Image to stay consistent with the modeling of the 

current handwriting project.   

 

 
 

 

The histogram in Figure 13 presents the 3,007 overall medians for the data from the right side 

plot above together with the corresponding overall median from the True-Mate Fingerprint 

Image. These 3,007 non-mate data values will be the basis for modeling non-mate similarity to 

the Latent Image.   

 

 
 
 
 

 

  

Figure 12: First level median data is plotted at the level (on the vertical axis) of the Overall Hierarchical 
Median for fingerprint image 
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The SAS System HPSEVERTY procedure is used to evaluate the fit of various probability 

distributions to the non-mate overall medians. The candidate distributions are all defined for 

positive values and are the same distributions used for the current handwriting project. Again, for 

modeling purposes, the negative scores in the above histogram are treated as if they were 

positive values. Applying the HPSEVERTY procedure, the selected fitted distribution is the 

Lognormal.  

Figure 13: Chart showing 3,007 Overall Medians for the data from the right side plot from Figure 12 
together with the corresponding Overall Median from the True-Mate Fingerprint Image 

         Over al l  Medi an                                           Cum.                            
           Mi dpoi nt                                          Fr eq  Fr eq                 
                     ‚                                                                                
             - 3. 75   ‚                                          1     1                       
             - 3. 60   ‚                                          0     1                       
             - 3. 45   ‚                                          0     1                       
             - 3. 30   ‚                                          0     1                       
             - 3. 15   ‚                                          0     1                       
             - 3. 00   ‚                                          0     1                       
             - 2. 85   ‚                                          0     1                       
             - 2. 70   ‚                                          0     1                       
             - 2. 55   ‚                                          0     1                       
             - 2. 40   ‚                                          0     1                       
             - 2. 25   ‚                                          1     2                       
             - 2. 10   ‚                                          3     5                       
             - 1. 95   ‚                                          2     7                       
             - 1. 80   ‚ *                                        10    17                       
             - 1. 65   ‚ *                                        29    46                       
             - 1. 50   ‚ * * *                                      59   105                       
             - 1. 35   ‚ * * * * *                                   104   209                       
             - 1. 20   ‚ * * * * * * * * * *                              200   409                      
             - 1. 05   ‚ * * * * * * * * * * * * * * *                         293   702                      
             - 0. 90   ‚ * * * * * * * * * * * * * * * * * * * * * * *                 458  1160                     
             - 0. 75   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *      688  1848                     
             - 0. 60   ‚ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *    721  2569                     
             - 0. 45   ‚ * * * * * * * * * * * * * * * * * * * *                    395  2964                     
             - 0. 30   ‚ * *                                       43  3007                     
                     ‚                                                                                
                     Šƒƒƒƒˆ ƒƒƒƒˆ ƒƒƒƒˆ ƒƒƒƒˆ ƒƒƒƒˆ ƒƒƒƒˆ ƒƒƒƒˆ ƒ                                           
                         100  200  300  400  500  600  700                                           
                                                                                                     
                                   Fr equency                                                         

 
 

True Mate 
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• Lognormal = (1/0.8878078)*median + .119/0.8878078. 

• The median score for the True-Mate Fingerprint Image is -3.7965.  

• The corresponding Lognormal Score [accounting for sign changes] for the True-Mate 

Image is 4.36801.  

• The corresponding Rarity is 1/88,357,999. This value is much less Rare than that 

computed using all of the informative data in the latent fingerprint case. The purpose here 

has been to illustrate the portability of the technique used for handwriting to the latent 

fingerprint case.  

2.4:  Deriving the Objective Score for Handwriting 

Sciometrics replicated the objective scoring method developed for fingerprints to determine 

feasibility for handwriting. Specific steps included: 

• We selected FBI 500 Writer 00011 as the test case writer for the feasibility analysis. 

• We established a small ‘Base Set’ of known-non-matching references that are compared 

against the test document. 

 

2.5: Other Considerations for Applying Objective Scoring to 

Handwriting 

The following items represent considerations arising from this feasibility report that remain 
relevant to future extension of the scoring method for fingerprints to handwriting. 
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• Running Time/Storage Requirements: additional running time and storage required 

scales with size of known-non-matching database (equivalent to running an additional 

Nx50 linear database recognition). 

 

• Required Samples: the data run was based on what was available from the FBI 500 

(the largest same-language set we have available). Larger data sets could produce 

better results, but the total effect is unknown because we currently lack the data. 

Equivalent samples would have to be obtained for the different languages wanting to 

be supported (for both the base set and known-non-matching set). 

 

• Grapheme Count: as the grapheme count is reduced, the predicted rarity will also be 

reduced. We currently do not know a concrete rule for when the number of graphemes 

cannot produce a valid rarity prediction. 

 

• Additional Statistical Research: the proof of concept is not a robust, complete, 

turnkey solution for creating these models in handwriting. Work is still required to 

tune the handwriting domain to work optimally for this objective scoring approach. 

 

• Large Scale Tests on Varied Data: testing needs to occur at a larger scale with 

varied test and reference data sets across languages, database sizes, grapheme counts, 

etc. 

 

• FLASH ID Integration: the code for this PoC is piecemeal and not all implemented 

in .NET. Test code is currently producing data that is being run through SAS 

procedures in an R&D environment. This will have to be translated fully into a .NET 

component integrated into FLASH ID. 
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3.0 APPENDIX: Examples of rarity results from Fingerprint Study 
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