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B150 Quantitative Algorithm for Digital Comparison of Torn and Cut Duct Tape
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$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�EHWWHU�XQGHUVWDQG�PLQLPL]LQJ�KXPDQ�FRQWH[WXDO�ELDV�YLD�D�TXDQWLWDWLYH�LPDJLQJ�
DOJRULWKP�DQG�FRUUHVSRQGLQJ�PDWKHPDWLFDO�PHWKRGV�WR�H[WUDFW�WKH�HGJH�SUR¿OHV�RI�WRUQ�DQG�FXW�GXFW�WDSH�VDPSOHV�

This presentation will impact the forensic science community by presenting information about a quantitative algorithm for the 

digital comparison of torn and cut duct tape.

The National Research Council (NRC) established a need at the national level for the validation of forensic science methods.  

&XUUHQWO\��GXFW�WDSH�HQG�PDWFKLQJ�LV�EDVHG�RQ�KXPDQ�MXGJPHQW�ZLWK�QR�TXDQWLWDWLYH�FULWHULD�IRU�LGHQWL¿FDWLRQ���,Q�WKLV�UHVHDUFK��WKH�QHHGV�
RI�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�DUH�PHW�E\�PLQLPL]LQJ�KXPDQ�FRQWH[WXDO�ELDV�ZLWK�D�TXDQWLWDWLYH�DOJRULWKP���7KH�GHWHFWHG�HGJHV�RI�
the exemplar and an arbitrarily large number of test samples are algorithmically subtracted from one another.  The resulting residuals are 

then used to calculate the Sum of Squared Errors (SSE), a succinct metric that allows quantitative comparison of possible matches.  A 

EHVW�RU�³PRVW�OLNHO\´�PDWFK�LV�GHWHUPLQHG�E\�LGHQWL¿FDWLRQ�RI�WKH�PDWFK�ZLWK�PLQLPDO�66(���7KH�GLJLWDO�UHVXOWV�DUH�FRPSDUHG�WR�D�SULRU�
study of the same set of duct tapes that were visually assessed by a group of three researchers as part of an error determination study, 

thus providing a quantitative estimate of the respective error rates.

7KH�0$7/$%® software platform is used to code a series of mathematical functions in order to extract useful information from an 

LPDJH�RU�D�VHULHV�RI�PHDVXUHPHQWV���7KLV�UHVHDUFK�XVHV�0$7/$%®�WR�REWDLQ�DQ�HGJH�SUR¿OH�RI�WKH�GXFW�WDSH�LPDJH�DQG�SHUIRUPV�DQDO\VLV�
RQ�WKH�GDWD���$�GLJLWDO�LPDJH�RI�WKH�GXFW�WDSH�LV�FROOHFWHG�XVLQJ�D�KLJK�UHVROXWLRQ�VFDQQHU�DW�������'RWV�3HU�,QFK��'3,����$�GLJLWDO�SUR¿OH�RI�
the tape is developed using the focused tear region and the parallel edges of the duct tape.  The software performs a series of automated 

WDVNV���)LUVW��WKH�VRIWZDUH�WDNHV�WKH�VHOHFWHG�LPDJH��VHWV�WKUHVKROG�OHYHOV��DQG�FRQYHUWV�SL[HOV�WR�D�ELQDU\�LPDJH���6HFRQG��WKH�VRIWZDUH�
performs an ad hoc smoothing mechanism that removes the yarns by using a morphological operation that conducts erosion and dilation 

in order to remove the noise associated with the yarns.  Last, the software converts the coordinate points into a graphical format and 

FRPSDUHV�WKH�HGJH�SUR¿OH�WR�RWKHU�HGJH�SUR¿OHV�ZLWK�D�UHVLGXDO�FDOFXODWLRQ�WKDW�DVVHVVHV�WKH�GHJUHH�RI�GLIIHUHQFH�DORQJ�WKH�IRFXVHG�WHDU�
region.  The results are displayed on a bar and color map graph showing the difference of the SSE values for a matching piece of duct 

tape in comparison to the other duct tape pieces in the database.  The user examines the residual calculations and determines whether 

RQH�SDLU�LV�TXDQWLWDWLYHO\�D�EHWWHU�PDWFK�WKDQ�RWKHU�SDLUV�H[DPLQHG���7KH�UHVXOWV�HVWDEOLVK�WKDW�LI�RWKHU�SDLUV�RI�NQRZQ�PDWFKHV�KDYH�66(�
values in the same range, it strongly suggests that it is the correct match.  The duct tape database comprised of 2,200 paired duct tapes 

UHTXLUHV�WKH�DQDORJLHV�RI�������VFDQQHG�GXFW�WDSH�LPDJHV��PDNLQJ������������LQWHU�FRPSDULVRQV���8VLQJ�WKLV�TXDQWLWDWLYH�PDWKHPDWLFDO�
DOJRULWKP��WKH�FDSDELOLW\�RI�WKH�DOJRULWKP�WR�LGHQWLI\�PDWFKLQJ�VSHFLPHQV�LQ�VHWV�RI�����GXFW�WDSHV�RI�D�SDUWLFXODU�EUDQG��WR�ORRN�DW�RYHUDOO�
residue values by themselves as an indication of uniqueness, and to quantify the number of false positives and false negatives will be 

GLVFXVVHG���7KLV�VWXG\�ZLOO�FRPSDUH�DQG�FRQWUDVW�WKH�UHVXOWV�ZLWK�WKH�¿QGLQJV�RI�SULRU�UHVHDUFKHUV�ZKR�FRQGXFWHG�D�PDQXDO�FRPSDULVRQ�
of these same duct tape specimens.  This prior study was presented at the 2011 American Academy of Forensic Sciences meeting by 

0F&DEH�HW��DO�1  The end product is a quantitative and statistically rigorous guideline for end-match comparison. 

7KLV�UHVHDUFK�LV�IXQGHG�E\�D�JUDQW�IURP�WKH�2I¿FH�RI�-XVWLFH�3URJUDPV��1DWLRQDO�,QVWLWXWH�RI�-XVWLFH�DZDUG�QXPEHU��������5��
&;�.������7KH�RSLQLRQV��¿QGLQJV��DQG�FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�SXEOLFDWLRQ�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�
QHFHVVDULO\�UHÀHFW�WKRVH�RI�WKH�'HSDUWPHQW�RI�-XVWLFH�
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