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Motivations

To evaluate different enhancementTo evaluate different enhancement 
techniques:
 Can we suggest anobjective way to 
compare the results?compare the results?
 Can we find an objective way to 
rank the effectiveness of different 
development techniques from the p q
point of view of the forensic expert?



Experimental Setup

 Fingerprints left on paper

p p

 Fingerprints left on paper
 Paper cut in two, developed with p , p

different reagents and then 
comparedcompared



Purpose of Comparisonp p

One to one comparison to see which 
half of the same fingerprint was 
developed "better"p



Test Set-up

 All fingerprints acquired at a

p

 All fingerprints acquired at a 
constant distance from the camera
 Camera settings and light for 
fluorescence are changed to thefluorescence are changed to the 
expert’s opinion
 Each fingerprint halves are acquired 

togetherg



Fingerprints: How Does It 
Work?Work?
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Consequence

 We can compare fingerprints

q

 We can compare fingerprints 
deposited at different times
 Then, we can compare the expert's 

opinion to the software outcome and p
see how they compare and teach the 
software how to rank fingerprintsoftware how to rank fingerprint 
quality



Consequence

If done properly this will be useful to

q

If done properly, this will be useful to 
assess the forensic quality of 

fi i t ll b f thfingerprint well before they are even 
shown to the expert



Extend the Concept

 Change the ord "fingerprint" ith

p

 Change the word "fingerprint" with 
the forensic image of your choice



Easy? Maybe not ….

 Need to translate the concept of

y y

 Need to translate the concept of 
forensic quality in a PC computable 
quantity
 Forensic quality: usefulness for Forensic quality: usefulness for 
forensic analysis
We chose to use contrast in order to 

capture forensic qualitycapture forensic quality



Available Methods

 We ha e to choose a contrast We have to choose a contrast 
computation method to evaluate the 
forensic quality of an image
 Methods fall in three main Methods fall in three main 
categories:
 general purpose
 image specific (knows the kind if image it is    
looking at)
 human visual system (HVS) aware



Forensic Quality: State of Art 
(Partial)(Partial)
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160 (2005).

 Tabassi et al. “A Novel Approach to Fingerprint Image 
Quality”, Proc. of ICIP 2005, p. 37 (2995).y , , p ( )

 Fronthaler et al. “Automatic Image Quality 
Assessment with Application in Biometrics”, Proc. of pp ,
IEEE WB 2006, p. 30 (2006).

 Vanderwee et al. “The Investigation of a RelativeVanderwee et al.  The Investigation of a Relative 
Contrast Index Model for Fingerprint Quantification”
FSI 204, 74 (2011). 



Forensic Quality: State of Art 
EvaluationEvaluation
 Mainly devoted to fingerprint  with no real  Mainly devoted to fingerprint, with no real 

mention to other forensic relevant 
imagery (faces, tool marks, shoe marks, imagery (faces, tool marks, shoe marks, 
tire marks)

 Interest in image quality effects on AFIS  Interest in image quality effects on AFIS 
performance

 Interest in fingerprint quality after being  Interest in fingerprint quality after being 
acquired by dedicated, proper devices

Few works care about the expert’s opinionFew works care about the expert s opinion



Used Methods

 We ha e sed the follo ing t o We have used the following two
methods:
 gray level co-occurrence matrix (general 

purpose method)
 number of just noticeable difference levels 

(HVS method)( )



GLCM

 Gra le el co occ rrence matri Gray level co-occurrence matrix
(GLCM):
 is a matrix created by calculating how often a 
pixel with grayscale intensity value i occurs 
h i t ll ( ti ll di ll ) dj t thorizontally (or vertically or diagonally) adjacent to 
a pixel with grayscale intensity value j
 th l t (i j) f GLCM ifi th b thus element (i,j) of GLCM specifies the number 
of times that the pixel with value i occurred 
horizontally (or vertically or diagonally) adjacent tohorizontally (or vertically or diagonally) adjacent to 
a pixel with value j



GLC Matrix: Examplep



GLCM: Contrast



GLCM: Propertiesp

 Changes with rotation Changes with rotation
 Changes with scale
 Doesn’t know the image structure

 Need to:
 renormalize images (so that they are the renormalize images (so that they are the 
“same”)
 be cautious in interpretation as this is method be cautious in interpretation, as this is method 
is unaware of what a fingerprint is



Number of Just Noticeable 
Different Levels

 The method q antifies the

Different Levels

 The method quantifies the 
perceptive contrast experienced by 
the human eye
Must be initialized with averageMust be initialized with average 

physiological and viewing quantities:
 screen size and resolution
 distance of view
 area of foveola (region of the retina where the 
focus of attention of the eye is situated)



Number of Just Noticeable 
Different Levels

 Same l minance ariation is

Different Levels

 Same luminance variation is 
differently perceived according to the 
average luminance
For each value L of the luminanceFor each value L of the luminance 
and its surrounding average S it is 

ibl t l l t th l ipossible to calculate the luminance 
variation needed to produce a 
perception of difference
 This is called just noticeable



JND: Additional Information

 In this ork the percei ed contrast In this work the perceived contrast
between two luminance extremes 

Lmin and Lmax is assessed as the 
number of JNDs between them
We look at the JNDs distribution to 
t t d d i f ti thtry to deduce information on the 
particular class of images that is 
analyzed



JND: PropertiesJND: Properties

Changes with viewing conditions

pp

 Changes with viewing conditions
 Changes with processing

 Need to:
 modify parameters to respect viewing

conditions if comparison with others isp
needed



JND: ExamplesJND: Examples

No processing

pp

No processing

N = 285

N = 187
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JND: ExamplesJND: Examples

No processing Histogram equalization

pp

No processing Histogram equalization

N = 285 N = 454

N = 187 N = 444



ResultsResultsResultsResults

 GLCM method is able to rank only the  GLCM method is able to rank only the 
quality of fingerprints with defined ridges 
(even if faint)(even if faint)

 HVS method is able to correctly rank all y
fingerprints and to detect automatically 
the dotted ones



Fingerprint Quality: Comparisong p y p

 More than 400 fingerprints analyzed More than 400 fingerprints analyzed



Fingerprint Quality: Resultsg p y

 Tested all fingerprints with two different Tested all fingerprints with two different 
quality assessment algorithms

 Comparison to fingerprint expert to see Comparison to fingerprint expert to see 
difference with algorithms and to tune 
themthem

 If done properly useful to assess forensic 
tilit f fi i t b f h i th tutility of fingerprint before showing them to 

the expert



Fingerprint Quality Mapsg p y p
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Fingerprint Quality Mapsg p y p



Other application: Shoemarkspp
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Conclusions

 The forensic quality (i e  usefulness) of  The forensic quality (i.e. usefulness) of 
images can be assessed by using some 
contrast definition for imagescontrast definition for images

 Generic purpose systems need to be used 
with caution if they do not allow teaching with caution if they do not allow teaching 
them the kind of object under analysis

 HVS systems can be used to assess  HVS systems can be used to assess 
quality and degradation causes of images

 This could support the expert’s analysis This could support the expert s analysis



Future Works

 Complete analysis of HVS distribution to  Complete analysis of HVS distribution to 
teach the software extended features and 
what are the most common cause of what are the most common cause of 
quality degradation 

 Try quality index tool to other forensic  Try quality index tool to other forensic 
fields (shoes, faces, tool marks, tire 

marks, etc.)

 Notice that the system will be tuned using  Notice that the system will be tuned using 
expert’s opinions



Future works: full  systemy
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