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OVERVIEW
High resolution optical 3D surface metrology

» Crime labs

» Optical (side-by-side) comparison
microscopes.

» Lighting conditions are the same (or
nearly so).

» Automated ballistics identification systems
» Digitized optical microscope images.

» Lighting conditions are not guaranteed
to be equal.

» Not very successful with lead bullets or
bullets with differing compositions

[1] TV Vorburger, ] Song, N Petraco. ‘Topography measurements and applications in ballistics and tool mark identifications,
Surf. Topogr.: Metrol. Prop. 4 (2016) 013002




OVERVIEW
High resolution optical 3D surface metrology

» Bullet signatures are 2D or 3D tool
marks (geometrical micro-
topographies by nature)

» Direct measurement and
correlation of 2D surface profiles
and 3D surface topographies have
been proposed for ballistic
identification

-
-

» Automation using 3D
measurements is more successful
in the analysis of a wider range of
bullet types
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[1] TV Vorburger, ] Song, N Petraco. ‘Topography measurements and applications in ballistics and tool mark identifications,
Surf. Topogr.: Metrol. Prop. 4 (2016) 013002
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OVERVIEW
Quantitative 3D analysis

08

- Signature difference (Ds) [2]
- Full surface or individual characteristics?

Congruent Matching Cells (CMC): CCFnax, “theta”; x, y

for every cell + number of matching cells (CMC
number) [3]

Principal component analysis (PCA) [4]

[2]J Song, TV Vorburger. ‘Proposed bullet signature comparisons using autocorrelation functions, Proc 2000 NCSL (Toronto)

SENS

[3]J Song 2013 Proposed NIST ballistics identification system (NBIS) using 3D topography measurements on correlation cells AFTE J. 45 184-94
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METHODOLOGY L Hamby test 15 v. 20

bullets takes < 2 days

1. Landsurface 3. ICcomparison (CCFmax) 5. Top N list
measurements analysis

2. ICextraction 4. Bullet comparisons:
new automated
comparison score:
Sequence Average
Maximum (SAM)

SENSQFA
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METHODOLOGY @ 1 bullet takes 3 min

2. 1C Extraction (6ands) .

1. Full surface (2.3 mm x 0.66 mm)
2. Crop1 - eliminate land shoulders (1.7 mm x 0.66 mm)

3. Waviness (filter Gaussian, 0.025 mm) - remove surface
roughness

4. Form removal (polynomial degree 2) - remove cylinder
5. Roughness (filter Gaussian, 0.127 mm) - remove deformations

6. Crop 2 - select best area (eliminate defects)

7. Save ICsurface (3D) - 1.7 mm x 0.13 mm
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Example: Beretta bullet ADFS - Confocal measurement using S neox
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Example 1: same land

» Cross-correlation of mean profiles

For discrete profiles the normalized cross-correlation for profiles fand g of N points can be defined as:

(flu—f') (.g|z+z|—g)
12

(f=gli] =

Where i is the lag, f is the average of profile f, and o is the standard deviation of profile f.
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Example 1: same land

» Cross-correlation of mean profiles

For discrete profiles the normalized cross-correlation for profiles fand g of N points can be defined as:
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(f*g)[i]EN_lz(fll f) (gl +il- g)
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Where i is the lag, f is the average of profile f, and o is the standard deviation of profile f.
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Example2: different land

» Cross-correlation of mean profiles
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Example2: different land

» Cross-correlation of mean profiles
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METHODOLOGY
4, Bullets comparison

Example 1: same barrel (Br10)

g W
= =
L1 L1
L6 L2 L6 L2
L5 L3 L5 L3
L4 L4

J.Hamby - 10 bl v. 10 b2

IC
L1
L2
L3
L4
L5
L6

L1
0.22
0.33
0.21
0.21
0.79
0.27

L2
0.27
0.33
0.22
0.25
0.28
0.83

L3
0.94
0.27
0.24
0.29
0.23
0.29

L4
0.26
0.84
0.27
0.36
0.34
0.34

L5
0.34
0.53
0.29
0.27
0.39
0.32

L6
0.30
0.27
0.18
0.64
0.25
0.26

) ¢
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4, Bullets comparison

Example 1: same barrel (J. Hamby Br10)

i i J. Hamby - 10 b1 v. 10 b2
7 — IC 11 12 13 11 L5 L6
11 022 0.27|094|0.26 0.34 0.30
L3 L1 12 033 0.33 0.27 | 0.84 | 0.53 | 0.27
L2 L4\ L6 L2 13 021 0.22 0.24 027 0.29 0.18
14 021 0.25 0.29 0.36 0.27 | 0.64
L1 L5 L5 L3 L5 |0.79|0.28 023 0.34 039 0.25
L6 La 16 0.27|0.83|029 0.34 032 0.26

highlighted in green cells where CCFnax > 0.5: 6 cells
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Example 1: same barrel (J. Hamby Br10)

L6 0.27 | 0.83 | 0.29 0.34 0.32 0.26

i i J. Hamby - 10 b1 v. 10 b2
- — IC 11 12 13 i L5 L6
2 ¥ 11 022 0.27/094| 026 0.34 0.30
12 033 0.33 0.27|0.84 | 0.53 | 0.27
L2 L4\ L6 .2 13 021 0.22 024 027 029 0.18
14 021 025 0.29 0.36 0.27 | 0.64
L1 L5 L5 L3 15 | 079|028 023 0.34 039 0.25
L6 L4

highlighted in green cells where CCFnax > 0.5: 6 cells

X o |
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4, Bullets comparison

Example 2: different barrel (J. Hamby Br7 & Br8)

J.Hamby-7blv.8b1

w
3 IC L1 L2 L3 L4 L5 L6
L1 0.26 031 0.22 030 0.30 0.33

W

|
L1 L1 12 019 033 027 027 027 0.30
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14 030 021 026 023 0.33 0.34
L5 L3 L5 L3 15 0.26 029 0.31 0.27 0.26 0.36
L4 L4 16 0.34 030 0.30 0.22 0.43 0.48

highlighted in green cells where CCFnax > 0.5: 0 cells
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Example 2: different barrel (J. Hamby Br7 & Br8)
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Example 1: same barrel (J. Hamby Br10)
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4, Bullets comparison

» Single: Matrix maximum (Max)

) ¢ "Qg

Example 1: same barrel (J. Hamby Br10)

¥y @ J. Hamby - 10 b1 v. 10 b2

L1 L1

L6 L2 L6 L2
LSOLg LSOB IC L1 L2 L3 L4 L5 L6

- - 11 0.22 0.27 BOKEIW 0.26 0.34 0.30
12 033 0.33 0.27 | 0.84 | 0.53 | 0.27
13 021 0.22 0.24 027 0.29 0.18
14 021 0.25 0.29 036 0.27 | 0.64
15 | 079|028 0.23 034 039 0.25
16 0.27|0.83|0.29 034 032 0.26

Lo 0.94
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4, Bullets comparison

» Single: Matrix maximum (Max)

L = Qg » Composite

— » Column Maximum Average (CMA)

Example 1: same barrel (J. Hamby Br10)

¥y @ J. Hamby - 10 b1 v. 10 b2
O. O; C 11 12 13 14 15 L6
. - 11 022 027)094]026 034 030

L2 0.33 0.33 0.27 | 0.84 | 0.53 | 0.27
L3 0.21 0.22 0.24 0.27 0.29 0.18
L4 0.21 0.25 0.29 0.36 0.27 | 0.64
L5 0.79 | 0.28 0.23 0.34 0.39 0.25
L6 0.27 | 0.83 | 0.29 0.34 0.32 0.26

CMA
Col.Max. 0.79 0.83 094 0.84 0.53 0.64 mEN/
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4, Bullets comparison

» Single: Matrix maximum (Max)

Y Qg » Composite

— » Column Maximum Average (CMA)

» Sequence Average Maximum (SAM)

Example 1: same barrel (J. Hamby Br10)

¥ &
L 'ﬁ'L = J. Hamby - 10 b1 v. 10 b2
O O C 11 12 13 Wi L5 L6 Seq. Av
11 022 027 094 026 034 0.30 0.30
12 033 033 027 084 053 0.27 0.27
13 021 022 024 027 029 0.8 %Z3 sAam
14 021 025 029 036 027 0.64 0.29
5 079 028 023 034 039 0.25 0.27

L6 0.27 0.83 0.29 034 032 0.26 0.30
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to itself,; for every matching bullet 6 lands are Known Matches (KM)
and 30 are Known Non Matches (30). For the full set we get:

» Known Matches (180)
» Known Non Matches (10620)
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» Statistical study of CCFmax: J. Hamby Known bullets set is compared
to itself,; for every matching bullet 6 lands are Known Matches (KM)
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» Histogram analysis
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» separation KM vs KNM
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4, Bullets comparison

» Statistical study bullet score: J. Hamby Known bullets set is
compared to itself.; for every bullet we get 1 KM &18 KNM

» Known Matches (20)
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» Statistical study bullet score: J. Hamby Known bullets set is
compared to itself.; for every bullet we get 1 KM &18 KNM

» Known Matches (20)
» Known Non Matches (320)

4 H iStog Fam and IySiS score performance

» best KNM L ————————

» separation KM vs KNM

— “ Best KNM

W Separation
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New composite score: SAM
A O
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RESULTS \ 15v. 20 bullets
Pristine bullets takes 4 sec. Qg

J. Hambv test: 15x20x6x6 (10800 IC)

SensoMATCH (SAM>0.5)

SAM B C D E F H J L M Q S U X Y r4
#lands 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

i1bl 033 gyl 0.32 031 028 030 030 031 031 030 032 0.34
1b2 0.28 gUNER 0.31 031 029 032 033 031 031 032 032 0.32
2bl1 029 033 030
2b2 029 033 031 030 029 029 032 030 031 031 031 030
3b1 028 030 032 030 032 0.28 033 028 0.29 0.30 0.30 0.31
3b2 029 029 031 031 030 029 0.31 030 0.29 0.29
4bl1 QXY@ 031 033 033 031 031 032 029 030 032 032 033 030 035 033
4b2 pW 032 033 035 031 029 031 032 032 032 032 035 031 034 034
5bl 030 0.34 ki 034 029 033 030 035 033 032 031 0.29 0.34

029 030 030 031 029 032 0.28 032 0.29

0.32 0.30

5b2 030 0.36 gkt 39 035 031 033 032 036 035 034 032 032 035
6bl 0.27 031 032 030 0.27 0.28 geXym 0.28 0.28 0.28 0.28 gLy 0.32
6b2 029 031 0.34 032 028 030 0.28 gewpm 032 031 0.29 0.31 gex:m 0.31
7b1 033 032 033 032 030 032 ger:m 030 0.29 031 036 030 031 032 033

0.32

7b2 032 033 031 033 031 0.29 ger:ym 029 029 030 034 030 030 033 0.33

8bl1 031 032 031 031 029 033 0.29 gewi:m 030 0.29 0.32 032 0.28
8b2 031 029 033 032 028 031 0.28 gasm 031 030 0.32 031 0.28
9b1 030 033 032 031 035 033 030 036 031 030 033 0.32 0.33
9b2 029 032 032 031 031 031 032 033 032 0.32 0.32 0.31
10b1 030 0.28 032 034 0.28 030 0.28 0.26 0.31 0.32 0.34 0.34
10b2 031 032 034 036 032 031 031 031 0.30 0.34 035 0.32

NIST reference

B C D E F H J L M Q S U X Y r4
El 1 5 6 1 2 7 8 6

Reswt¢ v V V V V V V Vv V V V VS /S S/




RESULTS \ 15v. 20 bullets
Pristine bullets takes 4 sec. Qg

J. Hambv test: 15x20x6x6 (10800 IC)

SensoMATCH (SAM>0.5)

SAM B C D E F H J L M Q S U X Y 4
#lands 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

1bl 033 gyl 032 032 gyl 032 031 028 030 030 031 031 030 032 034
1b2 0.28 guvEl 031 0.31 032 031 029 032 033 031 031 032 032 0.32
2bl1 029 033 030 031 0.31 gexsw 029 030 030 031 029 032 0.28 032 0.29
2b2 029 033 031 031 031 030 029 029 032 030 031 031 031 030
3b1 028 030 032 030 032 028 033 028 029 030 gIr3w 0.29 gxvm 030 031
3b2 029 029 031 031 030 0.29 031 030 0.29 0.2% 0.30 0.32 0.30
4bl1 QXY@ 031 033 033 031 031 032 029 030 032 032 033 030 035 033
4 b2 032 033 035 031 029 031 032 032 032 032 035 031 034 034
S5bl 030 0.34 gek:i:m 037 034 029 033 030 035 033 032 031 0.29 0.34 gy
5b2 030 0.36 039 035 031 033 032 036 035 034 032 032 035
6bl 027 031 032 ¥R 032 030 0.27 0.28 ghXoym 028 0.28 0.28 0.28 gLy 0.32
6b2 029 031 034 032 028 030 0.28 032 031 029 031 0.31
7b1 033 032 033 032 030 032 germ 030 029 031 036 030 031 032 033
7b2 032 033 031 033 031 0.29 029 029 030 034 030 030 033 033
8b1 031 032 031 031 029 033 0.29 gowi:m 030 029 032 032 030 032 0.28
8b2 031 029 033 032 028 031 0.28 031 030 032 032 028 031 0.28
9b1 030 033 032 031 035 033 030 036 031 030 033 gers:N 032 032 0.33
9b2 029 032 032 031 031 031 032 033 032 0.29 0.32 032 032 031

10b1 030 0.28 032 034 028 030 028 0.26 031 geatm 032 031 029 034 034
10b2 031 032 034 036 032 031 031 031 0.30 gexem 034 032 032 035 0.32

NIST reference

B C D E F H J L M Q S U X
4 1 5 6 1 2 7 8 6

st VS S S S S S A A A S A 15/15
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RESULTS \ 15 v. 20 bullets

Damaged or fragmented bullets takes 3 sec. Qg
J. Hamby test - random lands elimination: 15x20x6xN (4080 IC)

SensoMATCH (SAM>0.5)

SAM B C D E F H
##lands 6 2 3 2 3 2 3 2 2

1b1 0.37 KRS 3] ).30 .36 033 030 033 030 0.3] ).32 0.39 0.30
1b2 0.29 gLl 033 032 034 035 031 032 031 032 038 030 042 030
2b1 0.29 0.40 ).32 0.34 034 gk:om 0.32 028 031 033 0.3 )33 031 034 0.31
2b2 0.29 0.3¢f | 0.33 032 E'FEE 0.35 0.29 0.31 034 0.30 y 0.31 044 0.34

bl 0.30 31 31 .30 033 031 031 0.30

-
-
=

w0
w

N C
>
<
N

3b2 032 0.3¢ 33 033 033 027 034 032 031 0.32 ; , 0.34
4b1 0.39 34 036 032 038 036 033 032 033 0.3 37 034 045 0.39
4b2 0.42 33 040 031 040 0.34 039 036 0.33 0.35 38 0.34 042

5b1 0.32 0.44 36 033 034 038 032 042 034 033 034 033 0.37 Er:is

5b2 031 044 )W 038 032 035 040 031 044 035 036 036 032 0.38 et

6b1 0.26 ' 0.32 0.30 0.28 IXEN 0.28 0.28 031 030 036 0.34

6b2 0.30 031 0.33 0.34 0.33 KON 031 033 034 039 047 0.35
7b1 0.34 03 0.39 033 0.32 0.31 goer:im 031 033 033 038 037 038 037 04
7 b2 032 034 034 031 032 0.31 gk:ym 032 031 032 034 033 039 0.38 0.33
8b1 031 0.33 34 0.34 032 032 0.29 KKYA 0.35 0.32 0.29 36 0.34 0.43 0.33
8 b2 031 032 037 032 030 033 030 gers’m 036 031 031 037 032 039 0.32

9b1 0.29 0.38 33 0.32 0.37
9b2 0.30 0.3f 2 33 .34 035 036 036 0.34
10b1 0.32 0.31 v 0.33 032 030 030 0.28 0.30
10b2 034 036 034 036 030 032 0.33 038 0.33

w
’s
w

N

e

0.35 039 0.34

NIST reference
B C D E F H J L M
4

Rsut v V V V V /S S S/

-
w
o
[ d
~N
~
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o

\ &8
w
w
w
)
w




RESULTS \ 15 v. 20 bullets

Damaged or fragmented bullets takes 3 sec. Qg
J. Hamby test - random lands elimination: 15x20x6xN (4080 IC)

SensoMATCH (SAM>0.5)

SAM B C D E
##lands 6 2 3 2
1bl1 0.37 EER 031 0.30 036 033 030 033 030 031 036 032 039 0.30
1b2 0.29 gukhE 033 032 034 035 031 032 031 032 038 030 042 0.30
2b1 029 040 032 034 034 k0N 032 028 031 033 030 033 031 034 031
2b2 0.29 038 030 033 032 K'REE 0.35 0.29 0.31 0.44 0.34
3b1 030 0.34 31 031 030 033 031 031 030 0.37 0.36

3b2 032 035 033 033 033 027 034 032 031 035 0.34

4b1 039 034 036 032 038 036 033 0.32
4b2

045 0.39

040 034 039 036 033 035 038 034 042

5bl 0.32 034 038 032 042 034 033 034 033 037
5b2 0.31 035 040 031 044 035 036 036 032 0.38
6bl 0.26 032 030 0.28 geX°El 028 028 031 030 036 0.34
6b2 0.30 033 034 033 gexlm 031 033 034 039 047 035
7b1 0.34 0.31 gk 031 033 033 038 037 038 037 041
7b2 0.32 0.31 gk:ym 032 031 032 034 033 039 038 033

8bl 031 033 034 034 032 032 0.29 geX:ym 035 032 029 036 034 043 033
8b2 031 032 037 032 030 033 0.30 geX°W 036 031 031 037 032 039 0.32
9b1 029 038 033 032 037 035 035 039 0.34 034 0.36 0.34
9b2 0.30 0.36 .32 033 034 035 036 036 0.34 042 036 0.30
10b1 032 031 031 033 032 030 030 0.28 0.30

10b2 034 036 034 036 030 032 033 038 0.33

032 039 030

036 042 032

NIST reference

B C D E F H J L M y 3
4 |dentification
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CONCLUSIONS

1. New methodology for for bullet analysis using high-
resolution optical 3D surface metrology: separating IC
extraction from IC comparison streamlines batch
comparison tasks & allows lighter databases

2. Customizable IC extraction template (pristine cooper
bullets)

3. Application of well know IC comparison template: mean
profile CCFmax

4. Study of automated bullet comparison scores: Max, CMA
and SAM = new composite score

5. SensoMATCH bullet comparison engine solves J.
Hamby test in 4 seconds. New tool for R&D (easy,
flexible & open)




Than you for your attention!

Cristina Cadevall
cadevall@sensofar.com

come & visit us at Sensofar LLC
www.sensofar-us.com

Exhibition hall
Workshop on Thursday 2" June at 1pm
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