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B153 Examination of Statistical Methods for Forensic Analysis of Highly Similar 
Absorbance Spectra From Textile Fibers

Alejandra Flores*, 4223 Mendenwood Lane, Orlando, FL 32826; Michael E. Sigman, PhD, University of Central Florida, National 
Center for Forensic Science, PO Box 162367, Orlando, FL 32816; and Andres D. Campiglia, PhD, University of Central Forida, Dept 
of Chemistry, 4000 Central Florida Boulevard, Orlando, FL 32816

After attending this presentation, attendees will understand the application of objective statistical methods of analysis for the 

FRPSDULVRQ�RI�KLJKO\�VLPLODU�WH[WLOH�¿EHUV�XVLQJ�PLFURVSHFWURSKRWRPHWU\�
This presentation will impact the forensic science community by providing error rates for the methods described.

$�TXHVWLRQ�IRU�¿EHU�DQDO\VLV�ZLWK�UHJDUG�WR�IRUHQVLF�VFLHQFH�LV���FDQ�D�4XHVWLRQHG��4��¿EHU�EH�DVVRFLDWHG�ZLWK�D�.QRZQ��.��VRXUFH�
RU�QRW"��:KHQ�WKH�4�DQG�.�¿EHUV�H[KLELW�REYLRXV�GLIIHUHQFHV�LQ�SK\VLFDO��RSWLFDO��DQG�FKHPLFDO�FKDUDFWHULVWLFV��¿EHU�GLVFULPLQDWLRQ�E\�
WUDGLWLRQDO�PHWKRGV�LV�VWUDLJKWIRUZDUG���,VVXHV�PD\�DULVH�ZKHQ�WKH�4�DQG�.�¿EHUV�RULJLQDWH�IURP�KLJKO\�VLPLODU�VRXUFHV�ZKLFK�PD\�OHDG�
WR�IDOVH�QRQ�GLVFULPLQDWLRQ�GHFLVLRQV�GXULQJ�DQDO\VLV���7KH�JRDO�RI�WKLV�UHVHDUFK�LV�WR�LQYHVWLJDWH�WKH�UDWHV�RI�GLVFULPLQDWLRQ�EHWZHHQ�¿EHUV�
RI�VRXUFHV�WKDW�DUH�KLJKO\�VLPLODU�LQ�FRORU���3ULQFLSDO�&RPSRQHQW�$QDO\VLV��3&$��ZDV�XWLOL]HG�IRU�GLPHQVLRQ�UHGXFWLRQ�VLQFH�WKLV�VWXG\�
GHDOV�ZLWK�ODUJH�PXOWLYDULDWH�GDWDVHWV���'LVFULPLQDWLRQ�ZDV�EDVHG�RQ�D�FRPELQDWLRQ�RI�WKH�VFRUH�DQG�RUWKRJRQDO�GLVWDQFHV�DW�D�VSHFL¿HG�
cutoff value.

7KH�VDPSOHV�IRU�WKLV�VWXG\�RULJLQDWH�IURP�WKUHH�GLIIHUHQW�GDWDVHWV���7KH�¿UVW�GDWDVHW�FRQVLVWV�RI�VL[����JUDP�VZDWFKHV�SXUFKDVHG�
from and dyed on-site by a third party.  The fabric samples include two identical swatches of nylon, two identical swatches of acetate 

VDWLQ��DQG�WZR�LGHQWLFDO�VZDWFKHV�RI�DFU\OLF���7KH�G\HVWXIIV�ZHUH�FKRVHQ�LQ�SDLUV�EDVHG�RQ�PROHFXODU�VWUXFWXUH���'\HV�SDLUV�LQFOXGH�$&,'�
%/8(��$%�����DQG�����'LVSHUVH�%OXH��'%����DQG�����DQG�%DVLF�*UHHQ��%*����DQG�����1\ORQ�VZDWFKHV�ZHUH�G\HG�ZLWK�$%����DQG�
����UHVSHFWLYHO\��DFHWDWH�VDWLQ�VZDWFKHV�ZHUH�G\HG�ZLWK�'%���DQG�����UHVSHFWLYHO\��DQG�DFU\OLF�VZDWFKHV�ZHUH�G\HG�ZLWK�%*���DQG����
UHVSHFWLYHO\���$�WRWDO�RI�WHQ�¿EHUV�ZHUH�VDPSOHG�IURP�GLIIHUHQW�DUHDV�RI�HDFK�RI�WKH�VZDWFKHV��DQG����DEVRUSWLRQ�VSHFWUD�ZHUH�FROOHFWHG�
IURP�HDFK�¿EHU�YLD�PLFURVSHFWURSKRWRPHWU\�� �7KH� LQGLYLGXDO� VSHFWUD� FROOHFWHG� IURP�HDFK�¿EHU�ZHUH� DYHUDJHG�� �7KH� VHFRQG�GDWDVHW�
FRQVLVWV�RI�¿YH�FRPPHUFLDOO\�DYDLODEOH�EOXH�DFU\OLF�\DUQV�SXUFKDVHG�IURP�ORFDO�FUDIW�UHWDLOHUV���<DUQV�WKDW�DUH�YLVXDOO\�VLPLODU�ZLWK�UHJDUG�
to color and shade were purchased.  Two pairs of yarns shared the same brand name but were labeled as different shades of the same 

FRORU�DV�VSHFL¿HG�E\�WKH�PDQXIDFWXUHU���'\H�FRPSRVLWLRQ�LQIRUPDWLRQ�LV�XQNQRZQ�IRU�WKH�\DUQ�VDPSOHV���)RU�WKH�\DUQV��¿YH�¿EHUV�ZHUH�
VDPSOHG�IURP�HDFK�DQG����VSHFWUD�ZHUH�FROOHFWHG�IURP�HDFK�¿EHU�1��$JDLQ��WKH�LQGLYLGXDO�VSHFWUD�IURP�HDFK�¿EHU�ZHUH�DYHUDJHG���7KH�
third dataset consists of six 100% cotton denims purchased from local craft retailers.  Again, dye concentration information for denim 

VDPSOHV�LV�XQNQRZQ���)URP�HDFK�RI�WKH�GHQLPV��HLJKW�G\HG�¿EHUV�ZHUH�VDPSOHG�DQG����VSHFWUD�ZHUH�FROOHFWHG�DORQJ�WKH�OHQJWK�RI�HDFK�
¿EHU���$YHUDJHG�VSHFWUD�ZHUH�FDOFXODWHG�IRU�HDFK�¿EHU�

Averaged spectra were subjected to PCA for dimensionality reduction.  Either the number of Principal Components (PCs) that retain 

DW�OHDVW�����RI�WKH�YDULDQFH�RI�WKH�RULJLQDO�GDWDVHW�RU�WKH�¿UVW�WZR�3&V�ZHUH�NHSW�IRU�IXUWKHU�VWDWLVWLFDO�FDOFXODWLRQV���+ROG�RQH�RXW�FURVV�
validation comparisons were performed for this study with regard to same sample (within source) and different sample (between source) 

comparisons.  When a Q spectrum is projected into the K principal component space a score value is calculated based on the score and 

RUWKRJRQDO�GLVWDQFH��WKH�UHVSHFWLYH�FXWRII�YDOXHV��DQG�DQ�RSWLPL]DWLRQ�SDUDPHWHU��Ȗ��ZKLFK�UDQJHV�IURP�]HUR�WR�RQH���7KH�4�VSHFWUXP�LV�
discriminated from the K spectra when the score value is greater than one.

2SWLPL]HG�UHVXOWV�IRU�WKH�WHVW�VZDWFKHV�DUH�DV�IROORZV���VDPH�VDPSOH������GLVFULPLQDWLRQ��GLIIHUHQW�VDPSOH������GLVFULPLQDWLRQ���
5HVXOWV�IRU�WKH�\DUQV�DUH�DV�IROORZV���VDPH�VDPSOH�����GLVFULPLQDWLRQ��GLIIHUHQW�VDPSOH������GLVFULPLQDWLRQ���5HVXOWV�IRU�WKH�GHQLPV�
DUH�DV�IROORZV���VDPH�VDPSOH�������GLVFULPLQDWLRQ��GLIIHUHQW�VDPSOH�������GLVFULPLQDWLRQ�

7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�-XVWLFH��2I¿FH�RI�-XVWLFH�3URJUDPV��DZDUG������'1�%;�.������7KH�
FRQWHQW� RI� WKLV� SXEOLFDWLRQ� GRHV� QRW� QHFHVVDULO\� UHÀHFW� WKH� SRVLWLRQ� RU� WKH� SROLF\� RI� WKH�8QLWHG� 6WDWHV�*RYHUQPHQW� DQG� QR� RI¿FLDO�
endorsement should be inferred.
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