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B118 Toward a Novel, Fast, and Accurate 3D-Topography Imaging and Analysis 
System for Firearm Forensics

Ryan Lilien, PhD*, Cadre Research Labs, 212 W Superior Street, Ste 503, Chicago, IL 60654; Todd J. Weller, MS, 455 7th Street, Rm 
608, Oakland, CA 94607; Marcus Brubaker, PhD, Cadre Research Labs, 212 W Superior Street, Ste 503, Chicago, IL 60654; and Pierre 
Duez, MS, Cadre Research Labs, 212 W Superior Street, Ste 503, Chicago, IL 60654

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�EH�IDPLOLDU�ZLWK�D�QRYHO��'�LPDJLQJ�DQG�DQDO\VLV�V\VWHP��WKH�LPDJH�DFTXLVLWLRQ�
WHFKQRORJ\��DQG�WKH�UHVXOWV�RI�VHYHUDO�FDUWULGJH�FDVLQJ�PDWFKLQJ�H[SHULPHQWV�� �7KLV�SUHVHQWDWLRQ�ZLOO�GHVFULEH�7RS0DWFK�*6��'��DQ�
DFFXUDWH��IDVW��DQG�ORZ�FRVW��'�LPDJLQJ�DQG�DQDO\VLV�V\VWHP�IRU�FDUWULGJH�FDVLQJV����

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�HGXFDWLQJ�DWWHQGHHV�RQ�WKH�ODWHVW�JHQHUDWLRQ�RI�WHFKQRORJ\�IRU��'�
WRRO�PDUN�LPDJLQJ�DQG�DQDO\VLV���7KH�XVH�RI�D�FRQ¿GHQFH�VFRUH�DQG�LQWHUSUHWDEOH�PDWFK�UHVXOWV�ZLOO�SURYLGH�SUDFWLWLRQHUV�ZLWK�D�¿UP�
IRXQGDWLRQ�RQ�ZKLFK�WR�SODFH�LGHQWL¿FDWLRQ�UHVXOWV�

7KH�ZRUN�SURSRVHV�WKDW�WKH��'�VFDQQLQJ�V\VWHP��7RS0DWFK�*6��'��LV�FDSDEOH�RI�DFTXLULQJ�KLJK�UHVROXWLRQ�VXUIDFH�VFDQV��YLVXDOL]LQJ�
these scans, and accurately comparing/matching pairs of casing scans.  The study investigated if the matching algorithm is capable of 
UHFRJQL]LQJ�NQRZQ�PDWFKHV�ZLWK�KLJK�DFFXUDF\�ZKLOH�NHHSLQJ�WKH�UDWH�RI�IDOVH�SRVLWLYHV�WR�QHDU�]HUR�

7KH� SURWRW\SH�7RS0DWFK�*6��'� VFDQQHU� LQFRUSRUDWHV� WKH�*HO6LJKW®� UHWURJUDSKLF� VHQVRU� WR�PHDVXUH� �'� VXUIDFH� WRSRJUDSK\� DW�
a resolution of 1.4 microns per pixel.3,4  The system was evaluated on a large data set containing casings from several hundred 9mm 
Luger®�¿UHDUPV��UHSUHVHQWLQJ�PRUH�WKDQ����¿UHDUP�PDQXIDFWXUHUV�DQG�VHYHQ�DPPXQLWLRQ�W\SHV���7KH�¿UHDUPV�FRPH�IURP�VHYHUDO�FULPH�
ODERUDWRU\�UHIHUHQFH�FROOHFWLRQV�DQG�ZHUH�QRW�VHOHFWHG�RQ�WKHLU�DELOLW\�WR�SURGXFH�VWURQJ�WRRO�PDUNV���7KH�FDVLQJV�UHSUHVHQW�WKH�W\SHV�RI�
HYLGHQFH�DQG�WHVW�¿UHV�VHHQ�LQ�D�UHDO�ZRUOG�VHWWLQJ���7KH\�FRQWDLQ�PLOOHG��¿OHG��JUDQXODU��DQG�VWULDWHG�PDUNV�DV�ZHOO�DV�SRRUO\�PDUNHG�
FDVLQJV���'DWD�FROOHFWLRQ�WRRN�SODFH�ERWK�LQ�KRXVH�DQG�DW�VHYHUDO�FROODERUDWLQJ�&DOLIRUQLD�FULPH�ODERUDWRULHV���3DUWLFLSDQWV�DFURVV�WKHVH�
ORFDWLRQV�LQFOXGH�WUDLQHG�¿UHDUPV�H[DPLQHUV��WHFKQLFLDQV��IRUHQVLF�VFLHQFH�VWXGHQWV��DQG�XQLYHUVLW\�IDFXOW\�

The algorithm’s match score is a function of the similarity between the casings’ true breech-face impression and their aperture shear.  
)RU�EUHHFK�IDFH� LPSUHVVLRQ�FRPSDULVRQ��DXWRPDWLFDOO\� LGHQWL¿HG�GLVWLQFWLYH�IHDWXUHV��FRUUHVSRQGLQJ� WR� LQIRUPDWLYH�PLFURVFRSLF� WRRO�
PDUNV��DUH�XVHG�WR�PDWFK�DQG�DOLJQ�WZR�FDVLQJV���%\�UHTXLULQJ�VSDWLDO�FRKHUHQFH�RI�PDWFKHG�IHDWXUHV��WKH�PHWKRGRORJ\�LV�DEOH�WR�VWURQJO\�
LQGLFDWH�ZKHQ�WZR�FDVLQJV�ZHUH�¿UHG�WKURXJK�WKH�VDPH�¿UHDUP���,Q�FRQWUDVW�WR�FURVV�FRUUHODWLRQ�EDVHG�PHWKRGV��IHDWXUH�EDVHG�WHFKQLTXHV�
FRPSXWH�WKH�PDWFK�VFRUH�XVLQJ�RQO\�WKH�SRUWLRQV�RI�WKH�VXUIDFH�LGHQWL¿HG�DV�LQIRUPDWLYH��L�H���WKH�PDWFKLQJ�PLFURVFRSLF�WRRO�PDUNV����
7KH�DOJRULWKP�FRPSDUHV�DSHUWXUH�VKHDUV�E\�¿UVW�H[WUDFWLQJ�WKH�OLQHDU�VKHDU�SUR¿OH�DQG�WKHQ�DOLJQLQJ�WZR�SUR¿OHV�ZKLOH�DFFRXQWLQJ�IRU�
baseline correction and warping. 

7KH�VFRULQJ�IXQFWLRQ�LV�D�FRQ¿GHQFH�VFRUH�ZKHUH�HDFK�FDQGLGDWH�PDWFK��SDLU�RI�FDVLQJV��LV�VFRUHG�EDVHG�RQ�WKH�OLNHOLKRRG�WKDW�WKH�
WZR�FDVLQJV�ZHUH�¿UHG�WKURXJK�WKH�VDPH�¿UHDUP���8QOLNH�RWKHU�V\VWHPV��WKH�7RS0DWFK�VFRUH�UHÀHFWV�WKH�WUXH�FRQ¿GHQFH�RI�WKH�PDWFK���
7KH�FRQ¿GHQFH�VFRUH�DOORZV�H[DPLQHUV� WR�HI¿FLHQWO\� OLPLW� WKHLU�VHDUFK�� � ,Q�RWKHU�ZRUGV��H[DPLQHUV�RQO\�QHHG�WR�FRQVLGHU�FDQGLGDWH�
matches that score above a threshold. 

7KH�7RS0DWFK�V\VWHP�LV�DEOH�WR�PDWFK�FDVLQJV�ZLWK�KLJK�DFFXUDF\���7UXH�SRVLWLYHV��NQRZQ�PDWFKHV��KDYH�H[WUHPHO\�KLJK�VFRUHV�
ZKLOH� WUXH�QHJDWLYHV� �NQRZQ�QRQ�PDWFKHV��KDYH� ORZ�PDWFK�VFRUHV�� �7KHUH�DUH�YLUWXDOO\�QR� IDOVH�SRVLWLYHV� �L�H���NQRZQ�QRQ�PDWFKHV�
PLVWDNHQO\�LGHQWL¿HG�DV�D�PDWFK��

7KH�7RS0DWFK�*6��'� LPDJLQJ�DQG�DQDO\VLV� WHFKQRORJ\� UHSUHVHQWV�D�SURPLVLQJ�QHZ�PHWKRG� IRU�PHDVXULQJ�DQG�FRUUHODWLQJ� WKH�
WUXH��'�VXUIDFH�WRSRJUDSK\�RI�FDUWULGJH�FDVLQJV���7KH�UHVXOWV�IURP�VHYHUDO�GHSOR\PHQW�VWXGLHV�DQG�WKH�ODUJH�VHW�RI�UHDO�ZRUOG�FDVLQJV�
GHPRQVWUDWH�DFFXUDWH�PDWFKLQJ�UHVXOWV�ZLWK�DQ�H[WUHPHO\�ORZ�IDOVH�SRVLWLYH�UDWH��QHDU�]HUR�DV�RI�WKH�WLPH�RI�WKLV�ZULWLQJ��
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