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Abstract

We propose% an automatic system for firearm identification based on FIR system
characterizing rotation: invariant feature of cartridge case image. The rotation invariant feature is
represented by the ab:solute value of Fourier coefficients of polar image on circles with different
radii of the Cartridgfe case's primer. Then the FIR (Finite impu!se ) rgas_ponsge) system
characterizing the roteiltionrinvariant feature of cartridge case’s primer image is introduced. The
absolute value of Fouriier coefficients obtained from the polar image on the circles with different
radii are used as the?input and output of the FIR system, respectively. The obtained impulse
response of the FIR sglstem is considered as the unique feature of the individual gun. Finally, a
firearm can be identijﬂed by using the Fisher's linear discriminant function of the obtained
impulse response of ’éhe FIR system. The firearm identification experiments- are conducted to

show the effectiveness: of the proposed method.
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LESSON 1
INTRODUCTION

By meansj of the forensic science, it is feasible to take some fired cartridge
cases found in the; scene of the crime for further investigation in order to verify a criminal
gun because eac:h gun will leave some marks caused by the firing pin, and the breech
face on the primef, and the head of a cartridge case which are uniqUé for any individual
gun. These marksi on the cartridge case head fired by the same gun are very close or
identical in appeérance to ohe another but they are different from those fired by the
other guns. Cons;equently, the fired cartridge cases can be used to verify the gun
involved in the ocjourrence. Normally, the amount of the fired cartridée cases brought
from the event of :many casés could be large, and the visual examination of them by an
expert is a time—c:onsuming process with possibly some errors. Therefore, thi-s .research

was conducted tq develop the automated system to identify the guns from their spent

cartridge cases.; In addition, the ammunition currently manufactured by many
companies, as we:Il as those privately loaded by some shooters could have some minute
differences amoné the makers. As a result, the fired cartridge cases ejected from thé
same gun might ghave some trivial nicks or scratches. This is, however, —one of the
important problem?s in the development of an automated system for identification of the
gun from the fired ;Cartridge cases.

Firearm identification methods have been reported in [1][2]. However, the limitation of
method in the work[1] is that the mark of firing pin is nearly like only a small circle(a
circular pin mark).gAnd the main focus in the work[2] was emphasized solely on the rim-
fire pin mark idéntiﬁcation. In this paper, the center-fire cartridge identification is
investigated. And Hot only to identify the variation of firing pin marks such as circular pin
mark, square pin jmark and so on, but also the breech face impressions are taken into
account. In this paper, the rotation invariance features of the cartridge image are
extracted by usiné the absolute value of Fourier coefficients of polar image of cartridge

1
case on circles with different radii. Moreover, the relations between the circles obtained

from the cartridge;image with different radii are taken into consideration. To discuss the
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above relation, thfe FIR sysfem characterizing the featurie of cartridge case is proposed.
The absolute vaIQe of Fourier coefficients obtained frolm the polar image of cartridge
case on circles wjith different radii are used as the input and output of the FIR system,
respec;tively. Thegn the obtained impulse response of the FIR system is used here as the
unique feature of: the particular gun. Finally, firearm can be identified by using the
Fisher's linear dis%:riminant function. In this research, the firearm identification problem is
reduced to the be system identification problem
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LESSON 2
FEATURE EXTRACTION

The cartridge case images with 256 gray levels were taken by using digital camera
under the identical condition of light and position. The firing pin marks and breech face
impressions within the primer ring areas on the head of cartridge case are used to
extract the individual feature of the particular gun. Figure 1 shows some cartridge cases

and their primer rings obtained from four pistols of the same caliber.

Cartridge case Head of cartridge case Primer ring

Figure 1: The mark of the cartridge cases fired by pistol of different makes.

Then the cartridge case image is represented by 2D continuous function in Cartesian

coordinates as the following expressions:

0 Q
f(x,y)= 2 X F(n,m)g(x —n,y—m) (1)

n=0m

sin x  sin
where ¢(x, y) = z

)
x ny



and Q is an integer related to the image size. F(n,m) is gray level at a pixel (n,m).

Then the following function is defined by letting x = rcos @,y = rsin@ in (1) as

A

f(r,0)= f(rcos@,rsin®) 3)

where 0<r<R0<60<27, and f(r,@) is defined inside the circle of radius R. An

example of the polar image of cartridge case is shown in Fig.2

For firearm identification, in case of the firearms are of the same calibers, it is
indicated that the shape of their firing pin marks and breech face imprints are the most
important features to identify the firearm. However, the firing pin mark image and the

breech face impressions can be rotated at any random numbers of degrees.

=25

Figure 2: Polar image of cartridge case on circles with different radii from the primer

dent of a spent case head.

In order to extract the rotation invariant feature of those features, it is presumably
inferred here that, without the loss of generality, f(r,@) can be expressed by a periodic

function of @ as

F(r,0) = f(r,0 +2mn) )



where m is any ir‘qteger. Then f’ (r,6) can be expanded into Fourier series by letting

r =1, (constant) as the followings

!- A M () e
| fop)= 3 a)e " ©®
Where g
, —
a® = f F(r,. e a6 6)

and k is the num:ber of radius of cartridge case images. Let §(r,,6) = 7(»,6+a) be the

rotated cartridge ¢ase of f (r,,0) by angle Ol around its origin. Then it can be seen that
the Fourier coefficient 5% of g(r,6) is given as
|
i p®) — 4B gima %)

{
I

|
Thus the relation will be

®

o

k k
ot

From the Eq. (8) tﬁe absolute value of Fourier coefficients, u,(,,k) , Of cartridge case on the

j
circles with diffe!rent radii are the rotation invariants. Then the feature vector,
U, representing tﬁe rotation invariant feature of cartridge case images is defined as

I

uZ = I:u(()k),...,ug;)],(k =1..,K) . . e

where a is the transposition of u, .

\
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Figure 3: Fourier coefficients (Iaf,f"l) obtained from the spent cartridge heads of the

same and different guns rotated at different degrees.

Figure 3 shows the plot of absolute value of Fourier coefficients obtained from the
cartridge case fired from the same and different gun rotated by different degrees. It
indicates that the absolute value of Fourier coefficients obtained from the same gun are
quite similar and different from.the other gun. The effectiveness of using the Fourier
coefficient of polar image to extract the rotation invariant feature was reported in our
work [3]. Furthermore, the Fourier approximation is used to reduce the variation in the
surface inside of the primer ring area by selecting a suitable number of Fourier
coefficients. The effectiveness of using Fourier approximation to reduce such a variation
is also reported in the mentioned [3]. Moreover; to reduce the variation cause by color
of the primer (Fig.4), it is desirable to normalize the maximum of total sum of the gray
level for each cartridge case image. Therefore u(’,‘ which is maximum value, is
normalized as 1 in this case. Then the feature vector of cartridge case image is defined

by the Fourier coefficients as the followings.



af <[00, (k=1....K) (1

(k)

12(1‘)_ U,

m T (max)
Uy
(1)

Where %™ = max{ué”,uff),...,ué")} and &, is also considered as the rotation invariant

feature of the spent case of the particular gun.

Figure 4: Two of heads of the cartridge cases which have different primer colors, fired

from the same gun.
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FIR System Characterizing Rotation Invariant Feature of Cartridge

Case Image

It is considered that a relation between the gray levels on the circle obtained from circle
|

of cartridge case image with different radii is an important feature for firearm

identification. In tt:1is section, the above relation can be described by the FIR syste'm' -

having the absoldte value of the Fourier coefficients ﬁk obtained from the preceding
section on the otrcles with different radii as an input and output of the FIR system,

respectively. The FIR system is defined by

i = z BB =0 LA W)

i

)

§ -

| m=
|

!

|

~(/)

is the impulse response and u un are the absolute value of the

where

Fourier Coeﬁicient§ on circles with different radii used as the input and output of the FIR

system, respectivély. The impulse response h,(nj’k) can be obtained by minimizing the

least-square error as

M {
| E= zo(u,(,f’ z BB 2 in (13)
| h= m=0
i
The impulse response hfk =[hl(j’k),héf’k),...,héj’k)] is used as the feature parameter

vector for firearm identification. szk is the transposition of by,

|



Figure 5: The impulse response h/,k obtained from the cartridge case fired from the

same, and different gun rotated at different degrees.

Figure 5 shows the feature parameter vector hj,k obtained from the cartridge case

fired from the same, and different gun rotated by different degrees. It can be seen from
Fig.5 that the hj’k obtained from the same gun are quite similar but different from those
obtained from different gun. Therefore it can be considered that the hj,k is the unique

feature of the individual gun.



LESSON 4

Firearm Identification

The feature vector, & 7,k obtained from the preceding section is used for firearm

i .
identification. The Fisher's linear discriminant function is well known method for class
discriminatory anq dimensionality reduction [4]. To identify the gun, the Fisher's linear

discriminant function is used as follows:

(1) Combine the vector ﬁk for a particular bullet as
|
vl =[vl,v2,...,vk]=[ii1T,ﬁ2T,...,ﬁ£] (14)

'
{

'
I

where V' is a feature vector for the particular gun used for Fisher's linear discriminant.
:

(2) Calculate Within—olass scatter matrix Sw as

|

; c

f Sy =2.8; (15)
1 L i=1

|

Si=Y (v—u)v-p).(i=12..0) (16)
r2 Y, )
a2

where C is total number of class and N, is total number of training data for the particular

{
guninthe class a,.:.

(3) Calculate b;etween—class scatter matrix S as

Sp =2 N, (4 - B)(1 - B) (18)

10



_ 1 ' '
=—>'y
H N ; (19)
(4) Calculate eigenvector and eigenvalue as

i Sy'SgW; = 4w, (20)

(5) Define matrix U
Us=[wl,w],...wt1,(4 >4, >..>A0) 1)

where N <K

(6) Compute projection vector ¢

c=Uy (22)

where c=[cl,c2,..‘.,cN]T is used for firearm identification.

(7)Then an unknown cartridge case x is assigned to a class

o, € {@,, 0y,..., 00} (23)

if S,y (@, %) = min{S(@, 1)}, =1,2,..,C
where S, (@,,x) is the minimum Euclidean distance between the projection vector ¢

obtained from an unknown gun x and that obtained from the reference pattern of known

gun class

11



LESSON 5

Experiments

Firearm identification experiments were performed on database consisting of
270 fired cartridge cases collected from 9 pistols of the same calibre(9mm). Some of the
cartridge head images used in the experiments are shown in Fig 6. In addition, the plot
of Euclidean distance obtained from the same gun(some particular guns) and different
guns(other guns) are also illustrated in Fig. 7. It indicates that the Euclidean distance

obtained from the same guns are less than those obtained from the other guns.

TAURUS PT 99

DESERT EAGLE

CZ P01

WALTHER

GLOCK 17

GLOCK 26

S&W MP9Y

HK P7/M13

KAHR PM9

Figure 6: Cartridge case images obtained from the 9 pistols of the same caliber (9mm).
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Figure 7: Euclidean distance obtained from the same and different guns(Continued).
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Figure 7: Euclidean distance obtained from the same and different guns(Continued).
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LESSON 5

Conclusion

We propo?ed firearm identification method based on FIR system characterizing
rotation invarianttfeature of cartridge case image. The rotation invariant feature of
cartridge case im;age was represented by the absolute value of Fourier coefficients of
polar image of ca;rtridge case on circles with different radii. Moreover in order to extract
the unique feature of the particular gun from the cartridge case image, the FIR system
characterizing the irotation invariant feature of cartridge case image was introduced. The
obtained impulse'response of the FIR system having the absolute value of Fourier
coefficients obtainled from the polar image of cartridge case on circles with» different
radii as the inputéand output of the system was used as the unique feature of the
cartridge case imajge for the particular gun. Finally, firearm can be identified by using
Fisher's linear disczlriminant function. it was found from the experimental resuits that the

proposed method is effective for firearm identification.

Il
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An Automatic System for Firearm Identification

Pitak Thumwarin

Faculty of Engineering and Research Center for Communications and Information Technology,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, 10520 Thailand,
E-mail: ktpitak@kmitl.ac.th

Abstract— This research proposes an automatic system for
firearm identification. In the proposed method, firearm can be
identified by using the head of cartridge case image. The unique
feature of the individual gun can be extracted by using the
absolute value of Fourier coefficients of polar image of cartridge
case on circles with different radii. The obtained absolute value
of Fourier coefficients is considered as the rotation invariance
feature of the cartridge case image. Finally, the Fisher’s linear
discriminant function is used to identify the gun. The result
successfully revel the effectiveness of the method of
implementation for some extent.

I. INTRODUCTION

In the investigation of crime committed with a firearm, the
problem of the examination of a gun is one of the most
important limitations of the investigation process. Generally,
the fired cartridge cases found in the scene can be used as the
significant evidences leading to subsequently indicate the gun,
and the criminal, possibly in the connection to many crime
that had been committed with the same gun because an
individual firearm will leave some different traces on the
spent cartridge cases when compared to those on the others
even though the cases are ejected from the firearm of the
same caliber, make, and model. Likewise, the
aforementioned traces on the fired cartridge cases will have
their values close to one another if the cartridge cases come
out of the same gun. Forensically, the traces on the spent
cases are employed to be confirmable evidences if they are

found on the cases of the cartridges fired by the suspected gun.

The scrutiny of the traces or scratches on the case is mostly
performed with human eyes by the expert. Practically, the
quantity of the cartridge cases is large and then the
examination is a time consuming process with possibly
concurring some errors. In order to effectively identify a
suspected firearm, it is necessary to develop an automatic
system to verify the fired cartridge case. Consequently, this
research has proposed the automatic system to identify them
by using the pictures of the case heads at which the mark on
the primer is created by a firing pin as well as some scratches
made by the breech face of a firearm under suspicion.

Firearm identification methods have been reported in
[1][2]. However, the limitation of method in the work[1] is
that the mark of firing pin is nearly like only a small
circle(circular pin mark). And the main focus in the work[2]
was emphasized solely on the rim-fire pin mark identification.

978-1-4244-2336-1/08/$25.00 © 2008 IEEE
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In this paper, the center-fire cartridge identification is
investigated. And not only to identify the variation of firing
pin marks such as circular pin mark, square pin mark and so
on, but also the breech face impressions are taken into
account. Moreover, the rotation invariance features of the
cartridge image are extracted by using the absolute value of
Fourier coefficients of polar image of cartridge case on circles
with different radii. Finally, firearm can be identify by using
the Fisher’s linear discriminant function.

1. FEATURE EXTRACTION

The cartridge case images with 256 gray levels were taken
by using digital camera under the identical condition of light
and position. In this paper, the firing pin masks and breech
face impressions within the primer ring area on the head of
cartridge case are used to extract the individual feature of the
particular gun. Example of the cartridge image is shown in
Fig. 1.

Head of cartridge case

Cartridge case Primer ring

Fig. 1 The mark of the cartridge case.

Then the cartridge case image is represented by 2D
continuous function in Cartesian coordinates as

9 0
S(x,y) =EOZF(n,'n)¢(x—n,y—m) 1)
where
b(x,y) = sin 7zx - sin zzy @

g
and Q is an integer related to the image size. F(n, m) is gray
level at a pixel (n,m)Then the following function is defined
by letting x = rcos@,y = rsiné in (1) as

f(r,0) = f(rcos@,rsinf) 3)



where 0<S7r<R, 0<0<27z,and f(r,0) is defined inside

the circle of radius R. An example of the polar image of
cartridge case is shown in Fig.2

Fig. 2 Polar image of cartridge case on circles with different
radii.

For firearm identification, in case of the cartridges are of the
same sizes(same calibers), it is indicated that the shape of
firing pin marks and breech face imprints are the most
important features to identify the firearm. However, the firing
pin mark image and the breech face impressions can be
rotated at any random numbers of degrees. In order to extract
the rotation invariant feature of those features, it is
presumably inferred here that, without the loss of generality,

f (7,6) can be expressed by a periodic function of @ as

J(r,0)= f(r,0+ 2mz) @
where m is any integer. Then f (r,8) can be expanded into
Fourier series by letting » = r; (constant) as the followings

. M (k) jmo
’0 = Z a( )e Jm
f(rk ) maXy m

®)

where

2
al = [ .00 a0 ©
0

and K is the number of radius of cartridge case images.
Let §(r,,0) = f(r,,0 + ) be the rotated cartridge case of

j (r,,6) by angle o around its origin. Then it can be seen that

the Fourier coefficient 5 of g(r,,0) is given as

b = e o
Thus relation will be
u,‘:) = b,(:) = af:’ 8)

From the Eq. (8) the absolute value of Fourier coefficients,

u®, of cartridge case on the circles with different radii are

2008 Intemational Symposium on Communications and Information Technologies (ISCIT 2008)

the rotation invariants. Then the feature vector,
u, representing the rotation invariant feature of cartridge case

images is defined as

T (k k
uy =[] k=1, ©)
T . .
where &, is the transposition of u,.
o’
0.45|
0.4 ey
. et
0.3]
a.25] 0000
0.2]
015}
al/ /v B W] ... Same gun
0.05,
0]
0 hdk
© Other gun

Fig. 3 Fourier coefﬁcients(laf:)l) obtained from same, and

different guns when rotated at different degrees.

Figure 3 shows the plot of absolute value of Fourier
coefficients obtained from the cartridge case fired from the
same, and different gun when rotated at different degrees. It
can be seen that the value obtained from the same gun are
quite similar, and different from the other gun. The
effectiveness of using the Fourier coefficient of polar image
to extract the rotation invariant feature was reported in the
work[3][4]. Furthermore, the Fourier approximation is used to
reduce the variation in the surface inside of the primer ring
area by selecting a suitable number of Fourier coefficients. In
addition, the effectiveness of using Fourier approximation to
reduce such a variation is shown in Fig.4

Original cartridge case image Approximation of the cartridge case image

£(30,6)
% 500 1000 1500 0 250 mng % sM 100 1500 2000 2500 mog
(a) (b)
Fig. 4.(a) original cartridge case image (b) Fourier
approximation of the cartridge case in image(a) (M=30)
101



Moreover, to reduce the variation in color of the primer, it is
desirable to normalize the total sum of the gray level.

Therefore u(’,‘ is normalized as: 1 in our method. Then the

feature vector of cartridge case image is defined by the
Fourier coefficients as the followings.

[l,u(") u(")] (k 1,....K) (10)

® _ (k)
U, = (k)

0

an

i, is considered as the unique feature for the particular gun.

1II. . FIREARM IDENTIFICATION ALGORITHM

Accordingly, the feature vectbr flk obtained from the

preceding section is used for firearm identification. The
Fisher’s linear discriminant function is well known method
for class discriminatory and dimensionality reduction[S]. To
identify the gun, the Fisher’s lmear discriminant function is
used as follows: ;

(1) Combine the vector &, fora parﬁcular bullet as

—raT ;*T ~T
:vK]_[ul ’uz :"':uK (12)

T is a feature vector for the particular gun used for Fisher’s
linear discriminant. -

v =, v,

{2) Calculate within-class scatter matrix .S, as

c
Sy =2Si

(13)
i=l

S.~=Z(v—/1,-)(v—/t.) (i=1,2,..,C) 14
—Zv . (15)

- vew;
C is total number of class and N, is total number of training
data for the particular gun in the class @,.

(3) Calculate between-class scatter matrix S as

C
Sy =2V () (s~ ) (16)
|
ﬂ*ﬁ%v an

i

(4) Calculate eigenvector and eigenvalue as

Sy g, = 4w, (18)

(5) Define matrix U

U =0l Wl e WL (A > Ay >.> A) (19)
where N<K

(6) Compute projection vector €
c=Uv ‘ (20)
where ¢ = [C1 5Cyzeees CI\'I ]T is used for firearm identification.
(7) Then an unknown cartridge case x is assigned to a class

o e{o, w0} T @)
if Sy (Go%) = min{S(C,,0)},1=1,2,.,C

where §_; (C,,x) is the minimum Euclidean distance between

the projection vector ¢ obtained from an unknown gun x and

that obtained from the reference pattern of known gun class
C;.

IV. EXPERIMENTS

Firearm identification experiments were performed on
database consisting of 166 fired cartridge cases collected from
6 pistols of the same caliber(9mm). The samples of the
cartridge head images used in the experiments are shown in
Fig 5.

| SSWM&PIC
N 01

9 Glods

Fig.5 Cartrldge case lmages obtamed from the 6 pistols.

Figure 6 (a)(b)(c) shows the scatter plot of ¢ in different
dimensions obtained from the 6 pistols. It can be seen from
Fig. 6 that the coordinates obtained from the cases fired by the
same pistol approximated to one another whereas they
positively differentiated their values obtained from those fired
by any separate handguns. This indicated that the projection
vector ¢ possess the characteristics to identify the fired

cartridge cases of a gun from the others. As a result, the
firearm is finally identified.
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V. CONCLUSION

The method of firearm identification was proposed. First of
all, the polar image obtained from the cartridge case was
expanded into Fourier series to extract the unique feature of
the particular gun. The rotation invariant feature of cartridge
case image was represented by the absolute value of Fourier
coefficients of polar image of cartridge case on circles with
different radii. Finally, firearm 'can be identified by using
Fisher’s linear discriminant function. It can be concluded that
the result of firearm identification successfully revealed the
effectiveness of the proposed method.
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Fig.6 The plot of ¢ obtained from 6 pistols (a) ¢ =[c;],
(b) c= [CI,CZ] ,(C) c= [clacz,c:;]
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