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U MPUCYTCTBUEM MOPON JOCTATOUHO BBIPAXKEHHBIX
cepuil Tpacc OT 3alpeCcCOBKHU MYJIH B TUIb3Y.

PesynbraThl oTCTpeEna mokasajiu, 4TO TPAacChl
OT OJHOKPATHOM MapKUPOBKU JOCTATOYHO MEIIKUE
U MOTYT MacKHPOBAThCS TPACCAMU OT 3aIPECCOBKU
nynu B Triib3y. OJMH U3 MyTeH MOBBIILIEHUS BbI-
PaXXEHHOCTHU TpPacc 3aKJII0YaeTcs B YBEIUYECHUHU
[TyOWHBI M ITUPUHBI 30HBI JTa3€PHON MapKHUPOBKH.
Ha puc. 3 u 4 npuBeaeHsl pe3ynbrarsl OTCTpeENa
CTBOJIOB, COJICPKAIIUX B KAaYeCTBE MapKHUPYIOIINX
3JIEMEHTOB JIMHUU J1a3ePHOI MApKUPOBKH IIUPUHOI
50 MkM 1 1 MM COOTBETCTBEHHO. JINHUH MOTyUYEHBI
IyTeM MHOTOKPAaTHOIO CKaHUPOBAHUS JIa3€PHBIM
TyqoM paboueil MOBEpPXHOCTH KaHala CTBOJA.
Buano, yTo ¢ yBennueHneM mupuHbl MAPKUPYEMON
30HBI TPACChl MONY4alOTCsl 00jee BBIPAKCHHBIMH,
NPUHIUIHAIBHO YIpOLasl IpoLeaypy CPaBHEHUS
CJIEZIOB U COBMEILCHHUSL.

Taxum 06pa3om, HallM UCCIIEA0BaHUS [TOKa3aIN
BO3MOXHOCTH HICHTH(HUKAIINN CTBOJIOB HAPE3HOTO
OpY’KUs C ITOJINTOHAJIbHBIMU Hape3aMu IyTeM Map-
KHUPOBKHU U3JIYUCHUCM HMITYJIBCHBIX BOJIOKOHHBIX
Ja3epoB BHYTPEHHEH MOBEpXHOCTHU cTBOJa. U3
PE3yNbTaTOB HKCIEPUMEHTOB CIEAYET, YTO JJIs pe-
[ICHUS 33/1a91 UACHTUPUKAIINN OPYKHUS O CIIeIaM
Ha BBICTPEJICHHBIX MYJIAX TPACChl OT MApKUPOBOK Ka-
HaJIa CTBOJIA JOJDKHBI 00Pa30BBIBATH IPYIIIHI U3 HE-
CKOJIbKUX Tpacc mupuHou 50 + 15 MKM U IBYX-Tpex
«rpyOBIX» Tpacc Oonbliei mupuHsl. [IpoBeeHHBIC
UCCIIEI0BAHUSI CIIEAYET PACCMATPUBATh TOJIBKO KaK

YK 343.98

WAEHTUOUKALIUS NO CJIEAAM HA NyngxX

C UCNOJIb3BOBAHMEM USMEPEHUS TOMOIPA®UN
MWKPOHEOAHOPOJHOCTEN U KOPPENALUMN.

OBbEAWHEHWUE MUKPOCKOMNUU U CTATUCTUHECKUX METO0B

P. Tomncon, B. Yy, . Conr*

HaumoHanbHbIii MHCTUTYT CTaHZAPTOB U TexHonoruii, CLLA
E-mail: robert.m.thompson@nist.gov
*E-mail: : jun-feng.song@nist.gov

B HacToswee Bpems naeHTUUKALMS OTHECTPENLHOTO OpYXMs
OCHOBBIBAETCS HA CPaBHEHUM M300PAXEHMii C NOMOLLbIO CpaBHU-
TeNbHbIX MUKPOCKOMOB. IPGEKTUBHOCTb MAEHTUDUKALMN 3aBUCUT
0T Ka4yecTBa M306paxXeHNs CPaBHUBAEMBIX CNEJ0B, KOTOPOE CUIbHO
3aBMCWT OT YCNOBMIA OCBeLLEHMs. BanancTuieckue cneapl no CBOEN
npupofe NpenCcTaBnsioT coboii reoOMEeTPUYECKYI0 MUKPOTOMOrpa-
¢duI0, NO3TOMY rNaBHOMN Lenblo PaboTbl SBASETCS [EMOHCTpaLUs
MONE3HOCTV METOAO0B N3MEPEHUs Tonorpadum nOBEPXHOCTH Cne-
[0B NSl naeHTudMKaumm opyxus. K Tomy xe 00bEKTUBHBIN, OC-
HOBAHHbIA HA MAaTeMaTU4YECKMX pacyeTax MeTof BBOAA AAHHbIX U
CPaBHEHMS MO3BONSIET NOKA3aTb HAY4YHYIO OCHOBY MAEHTUdMKALMM
OTHECTPENBHOTO OPYXMsi MO Chesam.

KnioueBble cnoBa: KpUMMHANMCTUKA, YHUKANbHOCTb CNeAoB Ha
nynsix, 6annmcTuyeckas naeHTUdMKaLMS, CrpaBoYHbIe MaTepuanbl
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MEPBBIN AT B PEIICHUH 3a/1a41 HaHECEHMs JIa3ep-
HOM MapKHPOBKH Ha BHYTPEHHIOIO MOBEPXHOCTH
KaHaya cTBoJIa. Heo0XoumMo mpo0KUTh padboThI
10 HaHpaBHeHI/IHM, CBsA3aHHBIM C HCCIICAOBAHUEM
BIIUSTHUSI MApPKUPOBKH Ha PECYpPC CTBOJA, H3HOCO-
CTOMKOCTH MapKHPYIOIIUX CUMBOJIOB MPH peliie-
HUH 3a/1a4 UAEHTH(OUKALUHA CTPEIKOBOTO OPYIKHUS
Ooustbmiero kanubpa, 3QpPeKTHBHOCTH Ja3epHOU
MapKHpPOBKH B 00pasiax OpyXHsl IPH OTCTpesie
l'[yJ'H) C HAlIbIJICHHBIMH HOKpLITI/IHMI/I UT O.
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Bullet Signature Identification Using Topography
Measurements and Correlations.

Unification of Microscopy

and Objective Statistical Methods

R. Thompson, W. Chu, J. Song

Current firearm identification is based on image comparisons
using optical comparison microscopes. The ability to produce an
accurate identification depends on image quality which is largely
affected by lighting conditions. Because ballistic signatures are



P. Tomricon, B. Yy, . Conr. FlaeHTnprkaupnsa rno creqam Ha rynsx C NCrorb30BaHnem naMepeHnN (@

geometrical micro-topographies by nature, the main objective is to
demonstrate the usefulness of surface topography measurement
techniques for firearm identification. Additionally, an objective
mathematically based acquisition and comparison method would
help demonstrate the foundation of the science of firearm and
toolmark identification.

Key words: forensic science, bullet signature, ballistics
identification, standard reference material (SRM), standard
cartridge case, topography measurement, NIST.

Brief Methodology

A 2D and 3D Topography Measurement and
Correlation System was developed at NIST for
certification of NIST Standard Reference Material
(SRM) 2460/2461 Bullets and Cartridge Cases.
Based on this system, a prototype system for
signature measurement and correlation of fired
bullets has been recently developed at NIST for
bullet identifications. The 3D topography data of
the land engraved areas (LEAs) of fired bullets are
captured by a commercial confocal microscope.
The LEAs were processed by the «edge detection»
method to determine the «striation density». Then
surface areas with low striation density on the LEA
could be masked out from correlation. The modified
3D micro-topography data on the remaining «valid
correlation areas» are compressed into a 2D profile
which represents the 2D ballistics signature of the
LEA. A correlation program using two methods
has been developed for matching the paired profile
signatures: the «CMS» (Consecutive Matching
Striae) method used by many firearm examiners and
the CCF_, . (cross correlation function maximum)
method developed by NIST, based on analysis
methods in surface metrology. The CMS criteria
were applied to topography images here and not to
traditional reflectance microscopy images.

Summary of Results

In July 2010, a set of 20 known-matching
bullets fired from ten consecutively manufactured
barrels (two bullets from each barrel) were tested.
Their 3D topography images were captured by the
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confocal microscope at NIST, and correlated by
the prototype ballistics identification system using
the cross-correlation function maximum (CCF, )
as a correlation indicator. The correlation result
was excellent: correlation values of all ten pairs of
known-matching bullets scored highest on all cor-
relation lists, yielding a correct identification rate of
100%. For the 60 pairs of matched LEAs (each bullet
includes six LEAs), correlation values of matching
LEAs scored highest on 59 out of 60 correlation lists,
yielding a correct identification rate for individual
LEAs of 98,3%.

In August 2010, an additional set of 15 un-
known matching bullets fired from the same set of
10 barrels was blind tested. These bullets were corre-
lated with the 20 known-matching bullets mentioned
above, making the total number of correct matching
pairs equal to 30 (15 x 2). Both the CCF and CMS
method were used and showed excellent correlation
results. When using the CMS method, one matching
pair did not meet the selected CMS criterion (3X)
for a «matchy, but 29 out of 30 pairs of matching
bullets were correctly identified, yielding a correct
identification rate of 96,7%. When using the CCF
method, all 30 pairs of matching bullets scored at
the topmost position on their respective correlation
lists, yielding a correct identification rate of 100%.
The comparable performances of both mathematical
models point to the potential unification of decades
of CMS empirical data and new surface metrology
systems.

General Conclusions

A prototype bullet signature identification sys-
tem is developed at NIST based on a commercial
confocal microscope and the NIST Topography
Measurement System. Initial tests using a set of
20 known-matching bullets fired from 10 con-
secutively manufactured barrels, and a set of
15 unknown matching bullets fired from the same
set of barrels, have produced correlation results
having excellent accuracy with no false-positive
misidentifications.
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