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Sciometrics’ LatentSleuth Workstation for Latent Fingerprint Competitive Similarity Data Structure - T — Overall
Examination allows a Latent Print Examiner (LPE) to automatically For a Test Image k, competition with the Base Set yields 2,450 Z,, scores. Each Z,, Median
WARP a Latent Image Region of Interest (ROI) to any fingerprint image. score is a summary of the Test Image’s similarity to the Latent ROl across the many to.7% servarions | Soores for
The WARP automatically finds the best location for the Latent ROl in 1,000’s of locations in the Latent Image ROI. e e | a Random
the fingerprint image and creates a distortion free overlay of the Latent The Hierarchical Median of the 2,450 Z;, scores is the statistic used to define, for a Sample of
ROI onto that location in the fingerprint image. Reference Image k, an Objective Measure of Similarity to a Latent Image. The | _.|| b 18,75@ t
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The LatentSIeuth Workstatlon was evaluated by the Vlrglnla Dlagram below descrlbes the hlerarChlcaI StrUCture Of the 2,450 z",,k Scores. EEEEEEREE LR O””;d”f“k 55555555555555555
Department of Forensic Science (VA DFS) (in an NIJ Grant) and is * First, 50 medians over i values are computed, one median for each fixed Base Set
being used by VA DFS LPEs for casework. Image j. The Left-Tail of the Overall Medians comprises the Informative Similarity

. . . Sy . : Data concerning strong Level 2 similarity to the Latent Image. We use the
The Grant being presented here exploits the Latentsleuth WARP Second, th? Objective M_easm:e of Similarity for Reference Image k is computed Left Tail to define a powerful statistic that captures (competitive) Level 2
technology to create a model of Random (non-Mate) Level 2 Similarity as the median of the 50 j-Medians.

similarity to the Latent image. This statistic demonstrates a valid ‘error’
Hierarchical Data Model for Random Similarity to a Latent Image measurement. That is, the statistic fits a well-defined error distribution
Level 2 similarity is quantified by a WARP continuously and Calculated from a Base Set of 50 Known Non-True Mate Images that we can credibly use to predict rarity of an ‘outlying’ observed
comprehensively across the fingerprint image. And n Randomly Selected Known Non-True Mates Reference Image similarity. That is, we construct a well-defined Null

to a specific Latent ROI.

Using 2,450 2, Scores for Each Non-True Mate Image k

w7 _ _ Distribution that we use to predict the rarity of an outlying observed
é//// Model H'Erarﬂ‘l:fﬁ"”“"ﬁmp,ﬁw similarity. The Null Distribution predicts Level 2 similarity to the Latent
. {//// Median,  Median’ Image for non-mate fingerprint images within a very large data base of

fingerprint images.
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[ with the warp, we can measure similarities of latent features from ALL of the level 2
ridge geometry! This provides a more complete measure of the latententire similarity
| to an exemplar as well as much more data.
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Fin g er p rint Examination: Z)i 2388 data (Blue), Median_j data (Red), and Median (Orange) for Latent U260
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A Region of Interest (ROI) is specified in the Latent Image. Median of — ”11HQWTTT:;;::”“M1111111 i i3333333iiiiiiiiiiiiiaiiiiagtteen
The Latent ROl is consistent with the quality areas of a particular Zf’o';ﬁg(‘;rsf et Median “mmggggvae};f[?l\;ééfa;a _5 5_3 e
exemplar Image Of InterESt and k 2,4502ji,2388 Scores Class nformaeTal e Tuncalbd RiantTall == Delsted RantTal B e
_ for non-mate k=2388
Th_e Scenar_lo for mOdeIIng IS that It prov_lde Support for a Latent j 49 Zji,2388 scores for each Rarit! PrediCtions Log Base 10 of Rarity versus Minutia in Latent ROI
Print Examiner’s (LPE’s) report concerning a Latent Image and a : of 50 Base Set images j . _ _ .
specific exemplar. : The Objective Measure (Hierarchical :
j Overall Median) calculated for the NIST L
. T : : : : SD27 ground truth mate image for Latent s
An Objective Measure of Similarity of a 1 Hierarchical Medians of = 1 .
. : 22385 Scores U260 is - 4.1789. Performing the same e
Candidate Image to a Latent Image ROI 1 Medians of 21 255 for Fixed j calculations on this ground truth score as - :
3 j-Medians was done to standardize the data for the | .
The Similarity of a Candidate Image ) Base Set only images, the resulting v
to th_e Latent Image R_OI IS measured ERERENNEEAE . ‘Standardized Score’ for the ground truth
relative to the collective measured = cor zzji;%;orei L n e image is -7.055414037. The p-value for ot e
similarity of a Base Set of known non- — ' -7.055414037 calculated from the
mate fingerprint images. Standard Normal Distribution is In particular, when th non-
= . The hierarchical Medians from a large, randomly selected set of known non- 8.604377E-13. The reciprocal of the p- mal?tz itnle;gaes’ moest ;irii?gr tg
%0_\ Base _Set_of 50 high quality | f = matdes to t_he_ILa_ttentt Ir;;\agl_e ?retulsed to create the statistical Model to predict value is 1,162,199,175,291. Therefore, the  Latent U260 from the modeling
lhngferﬁirmt lma?eLs, relplresentatlve_ 0 s random simiiarity 1o the Latent image. Predicted Rarity is 1in 1,162,199,175,291.  described above were
t T Ut crlangteho ) eyef pt?]tterns, IS Kk " The base 10 logarithm of this Rarity is subsequently used as a Base
3ef'ec't? asf , OE;‘)S'IS ’['Or I\/Ie f Via the WARPs, all Base Set images | U260 not(k=50051) and Overall Median le 1.5 12.0653 which gives the order of Set for a second modeling, the
Le InII éosn'r(:]'la?'t tJeC Lvet nfte?;ure ) compete amoné; themselves for ) B 1 L magnitude of the Rarity prediction. The resulting Log Rarity Prediction
SHElL = sty e e el gl e o R G s Taftar o o graphic on the right is a plot of the Base  for the U260 true mate was
_ _ i y 9 - Tt i 10 logarithm of the Rarity prediction 12.31.
We independently WARP a Latent image’s Level 2 features at each vertically versus the number of minutia
Imaae ROI to all of the Base Set location w in the Latent Image ROI. . . Researchers are continuing
9 J + t hed b he L |
. .-, s 5000 Similarity 80 Similarity * pOIn S matC e etween t e atent mage ff t . d t th
Images as well as to a Test This competition among Base Set — " Ditection . .+ 9% ROI and the reported ground truth mate Srors 1 LOOTEInation wi
Fingerprint Image. For an image i, images for similarity to the latent wor) Direction w DUECHON ‘mage. Note thz Lo IR;qarit variability for statistical researchers from
d,(w) is a non-zero measurement of image yields the massive amount of ) fixeg r.ninutiavalueg y Y South Dakota State University
WARP error at location win the data that is the basis for defining the ’ o '. | as v_veII as wiFh LPEs to make
Latent Image ROI. WARP error Objective Measure of Similarity to > e " ;*113 o The prediction of _Rarlty IS very robust Rarlty modeling useful for LPE
quantifies local curvature the Latent Image for an additional R Lo T regardless of the images selected as the  practice.
correspondence between Latent ROl fingerprint image that competes R R Base Set or of the particular 20,000 non-
and Test Image. against the Base Set as a whole. mate images that are randomly selected

for modeling and estimation of Rarity.



