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ABSTRACT

We propose a FIR (Finite impulse response) firearm identification system characterizing
rotation invariant feature of cartridge case image. The firearm can be identified by using the
impulse response of the FIR systemn characterizing the rotation invariant feature of the cartridge
case image. In this case, the rotation invariant feature can be extracted by the magnitude of
Fourier coefficients of polar image of the cartridge. Then the obtained Fourier coefficients are
used as the input and the output of the FIR system, respectively. The impulse response of the FIR
system is used as the unique feature for firearm identification. Finally, the firearm can be
identified by the Fisher’s linear discriminant function. Thé experimental results are taken to show

the effectiveness of the proposed method.
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SB =ZIN.' (Juf _l_‘)(ﬂi - E)T (5.5)
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ﬂ N Vv -

v »
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a T 1 P e 4:?’

(4) A1UIUNIAT eigenvector LASAT eigenvalue Tagait
o o o 1 e £ T ' 1 v
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|SB| 7, WfTSBW:

Jw) =22 5.7
( ) ISW[ wl'TSle'
mﬂﬁ"’uﬁmamhqqqmm J(w) et
[J w)]=——| S, =0 (5.8)
dw w, S, w,

[waS wW; ]w - [wiTSBwi ]ﬂ%m =0 (5.9)

-waWw,.]ZSBwI, ~[w's,w, S, w, =0 (5.10)
MSW_IETS_WSW —0 5.1)
| w, S,w, A w Sy,

Sw, =JS,w, =0 (5.12)
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Sy Syw, =Jw, (5.13)
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ABSTRACT

This paper presents a new coin recognition method based on
rotation invariant feature of coin image. The rotation invari-
ant feature is represented by the absolute value of Fourier co-
efficients of polar image of coin on circles with different radii.
In this research, the FIR(Finite impulse response)system char-
acterizing the rotation invariant feature of coin image is in-
troduced. The absolute value of Fourier coefficients obtained
from the polar image of coin on circles with different radii are
used as the input and output of the FIR system, respectively.
Then the obtained impulse response of the FIR system is used
as the rotation invariant feature of coin image. Finally, coin
can be recognized by calculating the distance between the im-
pulse responses of the FIR systems obtained from the reference
coin and the coin to be recognized. The coin recognition ex-
periments are given to show the effectiveness of the proposed
method.

I. INTRODUCTION

Coins used in many countries have various patterns such as shape,
size, surface design, weight and so on. Some coins used in differ-
ent countries have similarity in size, weight and surface design but
different value. In Thailand also, some patterns of Thai coins are
similar to those of coins in other countries. There are many coins
operated equipments in the world such as an automatic machine
for payment especially vending machine. It is difficult for an auto-
matic system to recognize coins with a similar pattern. Moreover,
amulet coin is popular in Thailand. There are various patterns for
Thai amulet coins and some patterns are very high value. To rec-
ognize such amulet coins, the expert in coin is needed. However,
it vsually takes long time for operation and there are occasions for
the examiners to make some mistakes by visual examination. In
this paper, we propose a new method for realizing a simple auto-
matic coin recognition system to recognize coins effectively.

Coin recognition methods have been reported in [11[2]. How-
ever, the caleulation procedures in those methods are quite com-
plicate. In this paper, we propose a coin recognition method based
on rotation invariant feature of coin image. The rotation invariant
feature is represented by the absolute value of Fourier coefficients
of polar image of coin on circles with different radii. The effec-
tiveness of rotation invariant feature was shown in the work[31{4].
The work[4] proposed a robust coin recognition method with rota-
tion invariance. In the work[4], the feature of coin image obtained

from the polar image of coin on a circle for each radins. How-
ever, there are no discussion about the relation between the circles
obtained from the coin image with different radii. To discuss the
above relation, the FIR system characterizing the feature of coin
image is proposed. The absolute value of Fourier coefficients ob-
tained from the polar image of coin on circles with different radii
are used as the input and output of the FIR system, respectively.
Then the obtained impulse response of the FIR system is used here
as the rotation invariant feature of the coin image. Finally, coin can
be recognized by calculating the distance between the impulse re-
sponses of FIR systems obtained from the reference coin and the
coin to be recognized. In the proposed method, the coin recogni-
tion problem can be reduced to the system identification problem:.

. FEATURE EXTRACTION

The coin images with 256 gray levels are collected by using dig-
ital camera under the condition of same light and same position.
Then the coin image is represented by 2D continuous function in
Cartesian coordinates as

Q @
flamy =Y Fln,m)¢(z —n,y—m) (1)

=0 tm=0
where
SinTE sinay
T ay

$(z,y) = @
and Q is an integer related to the image size. F'(n, ) is gray level
at a pixel (rz, ). Then the following function is defined by letting
@ = rcosB, y = rsind in (1) as

i (r,8) = f(rcost, rsing) 3

where 0 < 7 < R,0 < 6 < 27 and f(r, 8) is defined inside the
circle of radius R. An example of the polar image of coin is shown
in Fig.1. For coin recognition, in case the coins are of the same
size, it is considered that the design of coin surface is one of the
important feature of coin image. However, it is not easy to rec-
ognize coin, because the rotation of the coin produces the rotated
coin image. In order to extract the rotation invariant feature of the

. coin image, it is assumed here that without the loss of generality,

F (v, 8) can be represented by a periodic function of # as
f(r,8) = f(r,0 + 2mn) @



=
M

Fig. 1. polar image of coin on circles with different radii

whete 1 is any integer. Then f' {7, 8) can be expanded into Fourier
series by letting 7 = 7 {constant) as

M
fre,8)= 3 o™ ©)
m=—M
where
( ) 1 20
Ky _ 1 H —jmé
alt = 2ﬂ]; flre, De do, (6)

and k is number of radius of coin images. Let §(rx, 8) = f(r%, 0+
o) be the rotated coin image of f(ry,8) by angle o about its ori-
gin. Then it can be seen that the Fourier coefficients b5, of §(r+, 8)
is given as

B = alBefme 0]
Thus we have the following relation:
ull) =| 5% |=| o | ®)

It can be seen from Eq. (8) that the absolute value of Fourier co-

efficients, uﬁf), of coin on circles with different radil are rotation
invariant. Then the following vector is defined as

up =6, .. P k=1,.., K) 9

where uj is the transposition of uy. Fig.2(a),(b) show Thai 5 baht
coins which have the same surface design and also Fig.2(c),(d)
show Thai amulet coins which have the same surface design. It
can be seen from Fig.2 that the images obtained from the two coins
which have the same surface design are quite different because of
the effect of light reflection for new and used coins. And some
Thai amulet coins have been treated by enamel process and enamel
coating on the surface of the amulet coin will become fade for a
long time use. In order to recognize those coin images, such a
variation in surface of coin can be reduced by Fourier series with
a suitable number of coefficients. The effectiveness and detail are
shown in our work{4].

Fig. 2. (2) and (b) Thai 5 bakht new and used coins which have the
same surface, {¢) and {d) Thai amulet new and used coins which
have the same surface design.

0. IMPULSE RESPONSE OF FIR SYSTEM
CHARACTERIZING COIN IMAGE

It is considered that a relation between the gray level on the cir-
cle obtained from circle of coin image with different radii is an
important feature for coin recognition. In this section, the above
relation can be described by the FIR system having the absolute
value of the Fourier coefficients of coin image on circles with dif-
ferent radii as an input and output of the FIR system, respectively.
The FIR system is defined by Eq.(10)

L
o) =537 hEPu® | (n=0,1,..., M) (10}
m=0

where A& is the impulse response and uF " 25 are the ab-
solute value of the Fourier cocfficients on circles with different
radii used as the input and output of the FIR system, respectively.

The impulse response hg’k) can be obtained by minimizing the
least-square error as

M L
E=Y"@d =3 hGMu® ¥ — min an
n=0 =0

The obtained impulse response h] , = (RYR RGR L, hgk))
is used as the feature parameter vector for coin recognition. h}:k
is the transposition of hy &

IV. COIN RECOGNITION ALGORITHM

In this section, the feature parameter vector h; » obtained in the
preceding section is used fo recognize coin. The coin recognition
procedures are given below.

1. Represent a coin image as 2D continuous function

Qe @

Jay) =Y > Flo,m¢a—ny-—m) (12

n=0 m=0

and define f(r,8) = f(rcost, rsind)



Fig. 3. US 25 cent coin and Thai 5 baht coin.

2. Compute the Fourier coefficients BEY of the polar image

f(”" 6)
27
B = % / Flre,0)e7™dp, (m = 0,.., M) (13)
4]

3. Define the vector representing the rotation invariant feature
of the given coin image

u_:'}w = {ugj)augj)--uug?], (-7 = 1""’K) (14)
where 'U:fn = ]bS,’f)]

4. Compute the impulse response wjx of FIR system having
u; and 11; as the input and output, respectively.

wie = (Ui Ur) Uk 0y, (5 = 1,2, Kji # k) (15)

where
wi = [, . wdP, (G =1,..,K) (16)
[ w0 0 ~7-#[7006575]
ugk) ugk) 0 ces 0
U= | & Al 5 N2
u? W W, W,
® G 2 7V
5 '”'gvf) 'U'gw)—l '"‘gu)—z o u.(M')—L i

The obtained impulse response wi is used as the feature
parameter vector for coin recognition.

5. The coin is recognized as

irue if E‘szl [lh.fk_w.‘ik” <n, k=j-+tp } (18)

false otherwise,

where ||.|| is Euclidean norm, hj, and wx are the feature
parameter vector obtained from the reference coin and the
coin to be recognized, p is an integer and 77 is a predeter-
mined threshold value for a particular coin determined by
using training data.

Y. EXPERIMENTS

In our experiments, coin images were collected by using digital
camera. Two experiments are given to show the effectiveness of
the proposed method. In the first experiment, Thai 5 baht coin and
US 25 cent coin having the similar size(Fig.3) were used for coin
recognition. In the second experiment, Thai amulet coins with the
similar size were used for coin recognition. The coins used in the

both experiments have various variations such as stains, blur and
so on. Fig.4 and Fig.5 show the impulse response vector hag 34
and the absolute value of Fourier coefficients ugp obtained from
coins used in the experiments. It should be noted that the coins
shown in Fig.4 should be recognized as same. On the other hand
the coin shown in Fig.5 should be recognized as different. It can be
seen from Fig 4(b) that not only the absolute value of Fourier coef-
ficients of coin image on circle with a radius but also the impuise
response of the FIR system having the absolute value of Fourier
coefficients of coin image on circle with different radii as the in-
put and output are rotation invariant. The Fig.4(a),(b) show that
the impulse response of the given coin image more suitable for
describing the feature of coin image than the absolute value of
Fourier coefficients. Because in Fig.4{a),(b) the absolute value of
Fourier coefficients are slightly different from each other, however
the impulse response are very close. In Fig.5 the absolute value
of Fourier coefficients and the impulse response of the FIR sys-
tem for Thai 5 baht coin and US 25 cent coin are shown. It can
be seen from Fig.5 that the absolute value of Fourier coefficients
and the impulse response of the FIR system obtained from the two
coins are quite different. It can be seen from Fig.4 and Fig.5 that
the obtained impulse response of the FIR system is effective for
coin recognition. The experimental results of the first and sec-
ond experiments are shown in Fig.6, Fig.7 and Fig.8 respectively.
Fig.6 shows the comparison of experimental results for the pro-
posed method and the method in the work[4]. It can be seen that
the result of the proposed method is better than that of the method
in the work[4].

Vi. CONCLUSION

‘We proposed a new coin recognition method based on rotation in-
variant feature of coin image. The rotation invariant feature of
coin image was represented by the absolute value of Fourier coef-
ficients of polar image of coin on circles with different radii. Then
the impulse response of the FIR system having the absolute value
of Fourier coefficients obtained from the polar image of coin on
circles with different radii as the input and ouiput of the system
was used as the feature of coin image. Finally, coin was recog-
nized by calculating the distance between the impulse response
obtained from the reference coin and the coin to be recognized. Tt
was found from the experimental results that the proposed method
is effective for coin recognition.
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235 cent coins.
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The SICE Annual Conference 2008, an international conference on
instrumentation, control and information technology, will take place in
Chofu, Tokyo, Japan in 2008. This conference covers a wide range of fields
from measurement and control to system analysis and design, from theory
to application and from software to hardware. The official language of the
conference is English. Novel interdiseiplinary challenges transferable
between plural fields are especially welcome. The conference will he
focused on, but not limited to, the following topics:

M Measurement
- Signal and/or Tmage Processing
* Opto-Electronic Measurement
* Remote Seasing
= Mass and Force Measurement
= Temperature Measurement
= Ultra-High Precision Measurement
* Networked Sensor System
H Control
= Multivariable control
* Nonlinear Control
= Robust Control
= Adaptive and Optimal Control
= Intelligent Control
= Modeling, System Identification and Estimation
B System and Information
= Systems Theory and Enginecring
= Biological and Physiological Engineering = Educational Systems/E-Learning
= Intelligent Systems = Fuzzy Systems
= Neural Networks and Computational Intelligence Wl Others
» Autonomous Decentralized Systerns
* Discrete Event Systems
* Man-Machine Systems

Bl System Integration
« Robotics and Mechatronics Systems
* Human Intcrfaces
* Newwork and Virtual Reality Systems
* Entertainment Systems
* Medical and Welfare Systems
* Safety, Environment and Eco-Systems
* Agricultural and Bio-Systems
* Rescue Systems
B Industrial Applications
* Industrial Automation Systems
* Information Management Systems
* Industrial Network Systems
= Macro and Nano Devices
= Components and Devices
B Advanced Integration
* Emergent Technologies

@ Location and Venue

The conference activities will ali be taking place in the University of Electro-
Communications, Chofu City, Tokyo, Japan. Chofu City is located in the west part of Tokyo,
45 minutes by a rapid train from Tokyo Terminal Station, 2 hours by a super express frain
from Narita Airport. From its convenient location, there are a lot of institutes that represent
Japan as JAXA etc, Chofu is also a historical city with many sightseeing spots as JINDALII,
an old temple. Chofu offers you a perfect location for a great experience of Japanese
institutes and a relaxing stroll in downtown before or after your congress day.

® Important Dates

February 11, 2008 : Proposal of Organized Sessions
February 25, 2008 : Submission of Extended Abstracts for Regular Papers

April 25, 2008 : Notification of Paper Acceptance
May 16, 2008 : Submission of Final Camera-ready Papers
May 16, 2008 : Proposal of Workshops and Tutorials

@® Regular Paper Submission

Prospective authors are invited to submit an extended abstract on 2 pages of A4, 800-1000
words in English. For further information, please visit the SICE2008 conference website at
http:fiwww.sice.or.jp/sice2008/ or contact the program committee {E-mail: sice2008-prog
@hi.mce.uec.ac.jp). It is recommended that your draft paper includes paper title, names
of all authors, affiliations, postal mails, email addresses and phone/fax numbers.

Organized by The Society of Instrument and Contral Engineers (SICE), Japan
Supported by Chofu City, The Univ. of Electro-Communications, Japan

(Tentative) Technically Co-Sponsored by IEEE Industrial Electronics Society, IEEE
Robotics and Automation Society, IEEE Control Systems Society, IEEE Systems, Man
& Cybernctics, The Instrumentation, Systems and Automation Society (I5A), Institute
of Control, Robotics and Systems(YCROS).

(Tentative) In association with China Instrument and Control Seciety (CIS),
Chinese Association of Automation (CAA), Chinese Automatic Control Society
(CACS), International Measurement
Confederation (IMEKO), IEEE Japan
Councit, IFAC NMO-]Japan




Organized Session Submission
posals of organized session are welcome. The goal of organized sessions is to provide focused discussions on a new topic and innovative
lications of a new approach. Each session consists of 5-6 papers which will be reviewed via normal review process. The session organizer
uld submit the proposal electronically by February 11, 2008. The proposal is recommended to include a brief statement of the session focus,
ether with the extended abstract of individual papers submitted. For further instruction, please visit the conference website, or send an e-mail to:

Prof. Hiromitsu Ohmori (Keio Univ., Japan) E-mail: chm@sd.keio.ac.jp

Workshops and Tutorials

posals of workshops or tutorials that address the technical topics related to control, automation, and systems in general are welcome. We
-ourage such programs that will attract industrial members, and programs with highly anticipated Ievel of interest, impact, creatively and
hnical background of presenters. Proposals should be submitted to the following e-mail address by May 16, 2008. Submitting instructions will

sear on the SICE2008 webpage.

A. Prof. Hiroki Takahashi (UEC, Japan) E-mail: rocky@hc.uec.ac.jp

Laboratory Tour

/posi-conference technical tours will be held on Aug. 19(Tue) and 23(Sat}. The pre-conference technical tour will start from afternoon and visit
ional research institutes near the conference venue including JAXA (Japan aerospace exploration agency). The post-conference technical tour will
open laboratories of University of Electro-Communications, the conference venue. Number of participants may be limited in pre-conference tour.

Student Support Program

SE will provide a Student Travel Grant Award and SiCE International Scholarship which are to help those foreign researchers who are young
d come to Japan to present their papers.
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Firearm identification based on rotation invariant feature of cartridge case
1 1 2
P.Thumwarin , C.Prasit and T.Matsuura
'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
Faculty of Information Technology and Electronics, Tokai University, 259-1292, Japan
E-mail: matsunra@dt.u-tokai.ac jp

Abstract: This paper, proposes firearm identification method based on rotation invariant feature of cartridge case
image. The rotation invariance feature is represented by the absolute value of Fourier coefficients of polar image of
cartridge case on circles with different radii. The absolute value of Fourier coefficients is considered as the individual
feature of the particular gun. Finally, the firearm can be identified by the distance between the absolute value of Fourier
coefficients obtained from the reference cartridge case and the cartridge case to be identified. The firearm identification
experiments are given to show the effectiveness of the proposed method.

Keywords: Firearm identification, Cartridge case, Rotation invariant, Fourier series.

1. INTRODUCTION Cartridge case ~ Head of cartridge case  Primer ring

Firearm identification identifies the firearm using
impressed marks left by the gun. In forensic science, the
firearm was identified by visual examination. However,
it usually takes long time for operation because of the
huge of firearm evidences in database and there are

u]

occasions for the examiners to make some mistakes by Fig. 1 Cartridge case and Primer ring,

the visual examination. In order to identify the firearm

effectively, an automatic system for firearm Then the cartridge case image is represented by 2D
identification is required. Firearmn identification continuous function in Cartesian coordinates as

methods have been reported in [1][2]. However, the

limitation of method in the work[1] is that the mark of o0

firing pin is nearly like only a small circle(circular pin Fx»=2 Y F(n,me(x—n,y—m) (1)
mark}. And the main focus in the work{2] is on the n=0m

consideration of only rim-firing pin mark identification.

We proposed a firearm identification method based on sinze sinzy

rotation invariant feature of cartridge case image. In the where 9(x,y) = s y )
proposed method, the center-fire cartridge identification A&\ 3 . .

is investigated. And not only to identify the variation of and Q is an integer related to the image size. #(n, m) is
firing pin marks such as circular pin mark, square pin gray level at a pixel (n,m) .Then the following function

mark and so on, but also the breech face impressions are
taken into account in this paper. We proposed a firearm
identification method based on rotation invariant feature

is defined by letting. x = rcos @,y =rsind in (1) as

of cartridge case image. The rotation invariant feature 1s j (r.0)=f(rcosf,rsing) 3)
represented by the absolute value of Fourier coefficients
of polar image of cartridge case on circles with different where 0<r<RO0<O<27 and f(?‘ 8) is defined

radii. The obtained absolute wvalue of Fourier
coefficients is considered as the individual feature of the
particular gun.

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 the cartridges are

of the same size(same caliber), it is considered that the

2. FEATURE EXTRACTION shape of firing pin marks and breech face impressions

are the important features to identify the firearm.

However, the firing pin mark image and the breech face

impressions can be rotated by any random number of

degrees. In order to extract the rotation invariant feature

of those features, it is assumed here that without the loss

The cartridge case images with 256 gray levels are
collected by using digital camera under the condition of
same light and same position. In this paper, the firing
pin masks and breech face impressions with in the
primer ring area on the head of cartridge case are used - - o
to extract the individual feature for the particular gun. of generality, f(r,&)can be represented by a periodic
Example of the cartridge image is shown in Fig. 1. function of & as

-45-
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F(r.0) = f(r,0+2m7)

where m4fis any integer.

=0

-

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

Then f(r,6) can be expanded into Fourier series by

letting » =#, {constant) as

) u -5
Fon0)= 5 aPe I (5)
m=—
1 o f oy £
where a® :ﬂf fn,.Be "0de (6)

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

of j’(rk,a) by angle o about its origin. Then it can be
seen that the Fourier coefficient p® of g(r,6) is
give as

B = g8 gimer (0]
Thus we have the following relation:
#® E’ E =] 4@ 1 (8)

It can be seen form Eq. (8) that the absclute value of
Fourier coefficients, (™, of cartridge case on circles
with different radii are rotation invariant. Then the
feature vector g, represented the rotation invariant
feature of cartridge case images is defined as

(k)

] =8 | =1 K ©)

where ] is the transposition of #,.

“)
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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 can be seen 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 were
reported in the work[3][4]. Furthermore, the Fourier
approximation is used to reduce the variation in surface
with in the primer ring area by selecting a suitable
number of Fourier coefficients. The suitable number of
Fourier coefficient is determined so thai the mean
square error of the Fourier approximation may be less
than the threshold value {3, where the threshold value
is determined from training data. Fig. 4 shows the plot
of mean square error in Fourier approximation of

f’trkaa)

Mean square etror in Fourier approximation of j‘ (.8

+
as
1

Number of Fourier coefficient

Fig4 mean square error in Fourier approximation of

F(r.8)-

The effectiveness of using Fourier approximation to
reduce such a variation is shown in Fig.5.




Original cartridge case imags. Approximation of the cartridge case

image.
( ' R

. w’
f30.8)

300|

250)

200

(L

100

E

"Il 00 1000 1500 000 p= ) Jmﬂe nﬂ Ll 000 15m 0m 2500 30
(@) &

Fig. 5.(a) original carfridge case image (b) Fourier
approximation of the cartridge case in image{a) (M=30).

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

level. Therefore in our method #{” is normalized as 1.
Then the feature vector of cartridge case image is
defined by the Fourier coefficients as.

il :[Lz%‘*),...,ﬁﬁ)l(k=1,...,k) (10)
k)
0 =M (11)

m

u
i, is considered as the individual feature for the
particular gun,

3. FIREARM IDENTIFICATION
ALGORITHM

In this section, the vector #, obtained in the

preceding section is used for firearm identification.
The firearm identification procedures are given
bellows:

(1) Represent a carfridge case image as 2D
continuous function

g g
Sy = EO%F(H,MM(X—HJ—"!) ””” (12)-
sinse sinzay

ny
and define 7(»,8) = f(rcosd,rsinB).

where gx )=

(2) Compute the Fourier coefficients %) of the polar

70,8

image

& = é f” F. 8 d,(m=0,., ) (14

(3) Define the feature vector representing the rotation
invariant feature of the given cartridge case image

T ky | (k k
uf =[] k=1 Ky - (15)
where uf:) z!bﬁ‘)l is absolute value of Fourier

coeflicients obtained from the preceding section,

(4) Normalize u{" as

al :{L ﬁ!(k)=___’ﬁﬁ)],(k =1,....,k) (16)
NP (7
m u(ic)

0

(5) Then an unknown carfridge case x is assigned to a
class

€, & {Cy:C CponsCr]

ifs_ (C,x)= min{S(C,, 2} »/=01.2,...N
where S (C.,x) is the minimum Euclidean

distance between the feature parameter vectors ii}:

(18)

obtained from an unknown gun x and that
obtained from the reference pattern of known class
C; , N is total number of class.

4, EXPERIMENTS

In the experiment, 116 cartridge case images obtained
from 6 guns which have same caliber(9mm) were used
for firearm identification. The examples of the cartridge
case images obtained from the 6 guns used in the
experiment are shown in Fig. 6.

Fig.6 Cartridge case images obtained from the 6 guns.
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5. CONCLUSION

We proposed firearm identification method with
rotation invariance feature. First, the polar image
obtained from the cartridge case was expanded into
Fourier series. 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 calculating the distance between the
absolute values of Fourier coefficients obtained from the
reference cartridge case and the cartridge case to be
identified. The firearm identification experiments are
given to show the effectiveness of the proposed method.
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Abstract

We propose firearm identification method based on FIR system characterizing rotation invariant feature of
cariridge case image. The rotafion invariant feature is represented by the absolute vaiue of Fourier coefficients

of polar image on circles with different radii of the cartridge case’s primer. Then the FIR(Finite impulse

response) system characterizing the rotation invariant feature of cariridge case’s primer image is introduced.

The absolute value of Fourier 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 system is
considered as the unigue feature of the individual gun. Finally, a firearm can be identified by using the Fisher’s
linear discriminant fimction of the obtained impulse response of the FIR system. The firearm identification

experiments are conducted fo show the effectiveness of the proposed method

Keywords: firearm identiﬁcation, rotation invariant, FIR system, Fourier series

1 Introduction

By means 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 each gun will leave some marks
caused by the firing pin, and the breech face on the
primer, and the head of a cariridge case which are
unique for any individeal gun. These marks on the
cartridge case head fired by the same gun are very
close or identical in appearance to one another but
they are different from those fired by the other guns.
Consequently, the fired cartridge cases can be used to
verify the gun involved in the occurrence. Normally,
the amount of the fired cartridge cases brought from
the event of many cases could be large, and the visual
examination of them by an expert is a time-
consuming process with possibly some errors.
Therefore, this research was conducted to develop the
automated system to identify the guns from their
spent cartridge cases. In addition, the ammunition
currently manufactured by many companies, as well
as those privately loaded by some shooters could have
some minute differences among the makers. As a
resuit, the fired cartridge cases ejected from the same
gun might have some trivial nicks or scratches. This
is, however, one of the important problems in the
development of an automated system for

978-1-4244-2582-2/08/525.00 ©2008 IEEE

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). And the main
focus in the work[2] was emphasized solely on the
rim-fire pin mark identification. 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. In this paper, the rotation invariance features
of the cartridge image are extracted by using the
absolute value of Fourler coefficients of polar image
of cartridge 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 above relation, the
FIR system characierizing the feature of cartridge
case is proposed. The absolute value of Fourier
coefficients obtained from the polar image of
cartridge case on circles with different radii are used
as the input and output of the FIR system,
respectively. Then 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 discriminant function. In
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this research, the firearm identification problem is
reduced to the be system identification problem.

Cariridge case

Head of cartridga case  Primer ring

-

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

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 cariridge 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. Then
the cartridge case image is represented by 2D
continuous function in Cartesian coordinates as the
following expressions:

¢ g
fxy)= iYEOEI*"(?M?);!'(JC--ﬂ,y—m') 0

sin/x sinzay
4
and Q is an integer related to the image size. F(n,m)

where #(x,y) = (2)

is gray level at a pixel (n,m). Then the following
function is defined by letting x =rcos@,y = rsiné
in(1l)as

F(r,8) = f(rcosB,rsin6) 3)

where 0<r< RO< <2z, and F(r,8) 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. In order to extract the rotation

=30

F R R N N

Figure 2: Polar image of cartridge case on circles
with different radii from the primer dent of a spent
case head.

invariant feature of those features, it is presumably
inferred here that, without the loss of generality,

f’ (#, &) can be expressed by a periodic function of &
as

£ 0) = f(r,0+2mn) @

where m is any integer. Then f (#,8) can be
expanded into Fourier series by letting r=r,
(constant) as the followings

2 M .
fr.0= 3 aBei® (5)
m=—M
where
{7 eala L
a® =Ef F.0)e a8, (6)

and & is the number of radius of cartridge case
images. Let §(r,,8)= f(r,,0+@) be the rotated

cartridge case of 7(r,8) by angle o around its
origin. Then it can be seen that the Fourier coefficient

b® of g(r,,4) is given as
b,s,k) — afnk)ejuja (7)

Thus the relation will be

a k)

u® =

bo ‘= ®

From the Eq. (8) the absolute value of Fourier
coefficients, %, of cartridge case on the circles with

m *

different radii are the rotation invariants. Then the
feature vector, #, representing the rotation invariant

feature of cartridge case images is defined as

u,j: = I:ugk),...,ug;)],(k =1..K) (9

where u, is the transposition of #, .
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Figure 3: Fourier coefﬁcients(laff)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
coeflicients 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 were
reported in our workf3]. 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 wvariation
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 =| P04 | k=1...) (0

)

. Uy

iy = s (11)
Uy

where 2™ = max{ugl),ugz’ yeres uf)K)} 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.

3 FIR System Characterizing
Rotation Invariant Feature of
Cartridge Case Image

1t 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 this section, the above
relation can be described by the FIR system having

the absolute value of the Fourier coefficients ﬁk

obtained from the preceding section on the circles
with different radii as an input and output of the FIR
systemn, respectively. The FIR system is defined by

, L ,
{0 = 5 G

n-m>

(n=0,1,.,M) (12)
m=0
where 4" is the impulse response and 4{) ﬁfzj)

are the absolute value of the Fourier coefficients on
circles with different radii used as the input and
output of the FIR system, respectively. The impulse

response h,(nj ) can be obtained by minimizing the
least-square error as

n—in

M g L .
E=3 @V - 3 pUR® 2 min (13)
n=0 m=0

The impulse response h;:k =[h1(j ’k),hgj ’k),...,hf:j ’k)]
is used as the feature parameter vector for firearm
identification. hj.:k is the transposition of A ik

h TR

08
0.6
o4

62 -

Figure 5: The impulse response %, , obtained from

the cartridge case fired from the same, and different
gun rotated at different degrees.
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Figure 5 shows the feature parameter vector A Lk

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 A ik obtained from the

same gun are quite similar but different from those
obtained from different gun. Therefore it can be

considered that the & ik is the unique feature of the

individual gun.

4 Firearm ldentification

The feature vector 7, 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[4].
To identify the gun, the Fisher’s linear discriminant
function is used as follows:

(1) Combine the vector &, for a particular bullet as

T _[aT pT AT
P :[1»*1,1)2,...,VK]—[u1 Y /A (14)

where v is a feature vector for the particular gun used
for Fisher’s linear discriminant.

(2) Calculate within-class scatter matrix S, as

Sy =35, (15)
i=1
5=3 (v—)(v- 1) (G =12,..C)  (16)
fr=a v (17)
i vE®

where 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

Sy =§M(ﬂ,~—ﬁ)(ﬁ4 -y (18)
(4) Calculate eigenvector and eigenvalue as
Sy Spw; = Aw; (20)
(5) Define matrix {J
U=[w W) e Wi L(4 > 4 > > 4) (21

where N < £

(6) Compute projection vector ¢

c=U (22)

where ¢ = [01’02"“’01? TF is used for firearm
identification.

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

@ {0, @, 0 ] (23)

if S, (@1,%) = min{S(@, )}/ =1,2,.,C

where §_, (@,x) is the minimum Euclidean distance

between the projection vector ¢ obtained from an
unkoiown gun x and that obtained from the reference

pattern of known gun class ).

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 Pl
g '_ WALTHER
.:? GLOCK 17

f| GLOCK 26
| S&W MPD

HK P7/M13

KAHR PM?

Figure 6: Cartridge case images obtained from the 9
pistols of the same calibre(9mm).
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6 Conclusion

We proposed firearm identification method based on
FIR system characterizing rotation invariant feature of
cartridge case image. 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.
Moreover in order to extract the unigue feature of the
particular gun from the cartridge case image, the FIR
system characterizing the rotation invariant feature of
cartridge case image was introduced. The obtained
impulse response of the FIR system having the
absolute value of Fourier coefficients obtained from
the polar image of cartridge case on circles with
different radii as the input and output of the system
was used as the unique feature of the cartridge case
image for the particular gun. Finally, firearm can be
identified by using Fisher’s linear discriminant
function. It was found from the experimental resuits
that the proposed method is effective for firearm
identification.
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FIR Firearm Identification System
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Abstract— We propose a FIR(Finite impulse response) firearm identification system. The firearm can be identified by
using the impulse response of the FIR system characterizing the rotation invariant feature of the cartridge case image. In
this case, the rotation invariant feature can be extracted by the magnitude of Fourier coefficients of polar image of the
cartridge. Then the obtained Fourier coefficients are used as the input and the output of the FIR system. The impulse
response of the FIR system is used as the unique feature for firearm identification. Finally, the firearm can be identified by
the Fisher’s linear discriminant function. The experimental results are taken to show the effectiveness of the proposed

method.

Keywords— Firearm identification, cartridge case, Rotation invariant, Fouricr series

1 Introduction

It has been already known that there are not any two firearms
producing the same unique marks on the cartridge cases even
though they are of the same maker and model. In addition, such
those marks by the first shot and the several hundred shots
subsequently fired from the same gun are still similar. In
forensic science, therefore, it is feasible to use such a mark on
the cartridge found in the scene of the occurrence to identify the
criminal gun. Visual examination by the expert using high
quality microscope is popular method to verify the cartridge
cases. However, the amount of the fired cartridges brought from
the events of many cases could be very large. Consequently, the
determining process is time-consuming. In addition, some errors
possibly occur during the execution. In order to overcome the a
fore-mentioned problems of the automatic system for firearm
identification is indispensable. Firearm identification methods
have been reported in [1]{2][5]. 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.

The author proposed the firearm identification method in the
work[5]. In the method, the polar image of the head of cartridge
case was used to extract the rotation invariant feature of the
cartridge case images. However in the work[5], the method to
reduce the variation of the center point of cartridge case images,
which is the important information to calculate the polar image,
were not taken into account. In this paper, not only the center-
fire carfridge identification and the variation of firing pin marks
such as circular pin mark, square pin mark, are investigated but
also the variation of the center point of the cartridge case images
are taken into account. Finally, the FIR firearm identification
system is realized by using the magnitude of the Fourier
coefficients of the polar image on circles with different radii as
the input and the output of the FIR system, respectively. The
obtained impulse response is used as the unique feature for
firearm identification.

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. 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.

Cartridgecase  Head of Cartridge case Primerring
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Figure 1: The pin marks of the cartridge cases.
Then the cartridge case image is representied by 2D continuous
function in Cartesian coordinates as

g Qo
FOouy)= X ZF(m,mdlx—n,y—m) (D
n=0m

sin zx smny

Where $lx, 1) = (2)

g y

and @ is an integer related to the image size. F{(n, m) is gray
level at a pixel (n,m). In order to transform the cartridge case

image to polar image, the center point of the cartridge case
image should be fixed from the image. The center point should
satisfy the following equation
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In this paper, the center point of the cartridge case image is
calculated in the least square sense as follows:

b= 4¢f* > min @

where the vecior C represents a center point of the cirele and
veetor X; represents sample point on a circle with the same

radius obtained from the rim of the head of cartridge case
images as:

T T T
C=(Cx,cy) ,xi=(xi=yi) ,xi+1=(x,-+1=yi+1) (5)
(i = 152:"-5M)

T
() means transposition. Therefore the optimal canter point €

can be given as
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The obtained center point C is used to determine the polar image
of the cartridge case image. Fig.2 shows the example of the

obtained center point C.

Figure 2: The obtained center point €

In order to calculate the polar image of the cartridge case image,

the following function is defined by letting
x=rcosd,y=rsind in(1)as
F(r,8) = f(rcos6,rsin 6) Q)

where 0<r< RO <27, and f"(r,H) is defined as a
function inside the circle with radius R. An example of the
polar image of cartridge case is shown in Fig.3

For firearm identification, in case of the firearms 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.

Figure 3: Polar image of a cartridge case on circles with
different radii from the primer dent of the spent case head.

In order to extract the rotation invariant feature of those
features, it is presumably inferred here that, without the loss of

a

generality, f(#,8) can be expressed by a periodic function of
& as

~

F(r.0)= f(r,0+2mx) 8)

where p is any integer. Then _;? (r,0) can be expanded into

Tourier series by letting # = #, (constant) as the followings

3 M i) -
fln.0)= % allgmime Q)]
m=—M
where

av =L [ 700 a0 Qo)
2x

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

f (rk, 8) by angle o arcund its origin. Then it can be seen that

the Fourier coefficient % of 5(r, ,#) is given as

B = afPe* an
Thus the relation will be
u® =| p® |=| g® (12)

From the Eq. (8) the absolute value of Fourier coefficients,
ufn") , of the cartridge case on the circles with different radii are
the rotation invariants. Then the feature vector, #, representing

the rotation invariant feature of cartridge case images Is defined
as

uy <[t =1 k) (3

where u,f is the transposition of ¥, .



Same gun

Cthergun

Figure 4: Fourier coefficients( |af:)|) obtained from the spent

cartridge heads of the same and different guns rotated at
different degrees.

Figure 4 shows the plot of absolute value of Fourier coefficients
obtained from the cartridge cases fired from the same and
different guns 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 were 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 an appropriate number of Fourier coefficients.
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Figure 5: (a). Original Cartridge case image . (b). Fourier
approximation of Cartridge case in image (a)}{M=30)

The effectiveness of using Fourier approximation to reduce
such a variation is also reported in the mentioned [3]. Moreover,
to reduce the variation caused by color of the prime r{Fig.6), it
is desirable to normalize the maximum of total sum of the gray

level for each cartridge case image. Therefore u‘f which is

maximum value, is normalized as 1 in this case. Then the
feature vector of cartridge case image is defined by the Fourier
cocfficients as the followings,

7= [0, 80 | e=1.. 0 )
(k)
N U,
um —W (15)
where u‘"‘“")—max{ué'),uf,z),...,ugk)} and #, is also
considered as

the rotation invariant feature of the spent case of the particular
gun,

Figure 6: Two of heads of the cartridge casés which have
different primer colors, fired from the same gun,

3 TFIR System Characterizing Rotation Invariant
Feature of Cartridge Case Image

It is noted 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 this section,
the above relation can be described by the FIR system having

the absolute value of the Fourier coefficients ﬁk obfained from

the preceding section on the circles with different radii as an

input and output of the FIR system, respectively, The FIR
system is defined by

” K

(J) th(.l ) (—m’ (n=0,1,.., M) (16)
where h,(nj ) is the impulse response and u ](1‘]) are the

absolute value of the Fourier coefficients on circles with
different radii used as the input and output of the FIR system,

» f & .
respectively, The impulse response h,(,;’ ) can be obtained by
minimizing the least-square error as

z HID B 2

E= Z(u(‘r) 1, )" — min

an
n=0

The impulse response h;:k = [hl(“' ’k),héj ’k), ..,hj(f ’k)] is
used as the feature parameter vector for fircarm identification.

h;: ¢ 15 the transposition of f ik

Figure 7: The impulse responses, /t,, obtained from the

cartridge cases fired from the same, and the different gun
rotated at different degrees.



Figure 7 shows the feature parameter vector, h ik obtained

from the cartridge cases fired from the same, and different gun
rotated by different degrees. It can be seen from Fig.5 that the
h ik obtained from the same gun are quite similar but different
from those obtained from the different gun. Therefore it can be

considered that the & i k is the unique feature of the individual

aun,

4 TFirearm Identification

The feature vector A i k 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 reductionfd]. To identify the gun, the Fisher’s
linear discriminant function is used as follows:

(1). Combine the vector &, for a particular bullet as

V=YooV | = [ 8 ,es ] (19)

where ¥ is a feature vector for the particular gun used for
Fisher’s linear discriminant,

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

C
Sy =35, (19)
=1
S= Y (v-p)(r—p) (i =12,.,C) (20)
vey
=1\ @y
#f - M A 4

where C is total number of class, and &V, is total number of

training data for the particular gun in the class @, .

(3). Calculate between-class scatter matrix S g as

Sp= iN (- B)(m-B) @)
ﬁ=l2v 23)
NG
(4). Calculate eigenvector and cigenvalue as
Sy Spw, = Aw, 4)
(5). Define matrix U/
U=[w,w],...wE].(4 > 4, >.> Ag) (25)

where N < K

(6). Compute projection vector ¢

c=[h 26)

where €= [Cl, Cpyeees Cﬁ]T is used for firearm identification.
(7). Then an unknown cartridge case x is assigned to a class

@, € {w;,mz,...,mc} @7

if Smm(w,.,x)=n%in{S(a),,x)},[:l,Q,.,,C

where §_. (@,,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 @,.

5 Experiments

Firearm identification experiments were performed on database
consisting of 900 fired cartridge cases collected from 6 pistols
of the same calibre(.45 ACP). Some of the cariridge head
images used in the experiments are shown in Fig 8. In addition,
the plot of Euclidean distance obtained from the same
guns(some particular guns) and different guns(other guns) are
also illustrated in Fig. 9. It indicates that the Euclidean distance
obtained from the same guns are less than those obtained from
the other guns.
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Figure 8: Cartridge case images obtained from the 6 pistols of
the same caliber {45 ACP).

¢ Conclusion

The FIR fircarm identification system was introduced. The
shape of firing pin marks and breech face imprints on the head
of cartridge case image were considered as the importance
features for firearm identification. The unique feature for a
particular gun was exiracted by using the rotation invariant
feature of the two above features. The rotation invariant feature
of cartridge case images was defermined by using the absolute
value of Fourier coefficients of the polar image of cartridge case
image on the circles with different radii. To caleulate the polar



image, the canter point of the head of cartridge case image is
determined by using least square method. Then FIR fircarm
identification system was realized by using the absolute value of
Fourier coefficients obtained from the polar image of cartridge
case on circles with different radii as the input and output of the
system, respectively. The cbtained impulse response of the FIR
system was used as the unique feature of the cartridge case
image for the particular gun. Finally, firearm can be identified
by using Fisher’s linear discriminant function. It was found
from the experimental results that the proposed method is
effective for firearm identification.
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Figure 9 Fuclidean distance obtained from the same and
different guns.
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