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Abstract Firearms identification based on the forensic processing timelmage segmentation is a promising and
ballistics specimen is crucial in solving criminal casén a short  challenging field which is applied in the area of medical
time. ~ Currently, the firearms examiners perform jmgaging, satellite images, biometric identification and
authentication by visual observation. Due toobservation of pattern recognition[3]. Therefore, in this paper, the
large evidence database, the experts normally take a long time technique known a€anny edge detectiaimprovised with

to identify the firearms. As a result, computerized firearms H h f . lied f . f
identification should be implemented in order to peform the ough transformis applied to perform segmentation o

identification faster. The computerized identification involves ~ fiing pin impression image. In other words,is usedto
image preprocessing, segmentation, feature extraction and Separate the center image from the unwanted background
classification. Therefore, in order to reduce computational information of whole image.
time, the segmentation has to be performed automaticallyhe

main objective of this study isto perform the segmentation of

firing pin impression by using Canny edge detection operator Dealer receives wezpon
improvised with Hough transform. The performance of to be sold
segmentation in detecting the central image of firing pin
impressionhas achieved 93% segmentation accuracy.

Index Term® Canny Edge Detection Hough Transform;
Firing Pin Impression; Segmentation. Dealer provides
weapon to

police

Dealer provides sample
projectiles to state policg

‘-.u zamples to dealer or polige
I. INTRODUCTION

Automatic ballistics identification system such as IBIS wa
developedo help investigators térace therelevantcrimes. S oreapon, collect sample
It usually takesa long time because of the huge number o shell casing and bullet, and retum
firearm evidence in databaséurther, the number of mespen o dealer
firearms tobe matched is usually too latge a September
2004 report, the Mryland State Police (Forenst Sciences
Division) addressed the continuing problems of the -MD

IBIS system, mcludmg t.he mab'“.ty. of.the MIBIS to Canny4]. Canny edge detection operator is one of the most
gxpedlte crme mvestlgatlonsThe digital imagesrestored superior operators for edge detection. It is commonly used
in a databasend analyzed using a software program. The o~ o ge processing as it me

datab_ase usetb store the i”?ages is very Iargéigure 1 edge detectidbd]. Comparatives studgf the popular edge
describeghe procesdor enteringthe ballistic data into the detection algorithms (Robert2rewitt, Sobel, LoG and
IBIS systen{l]_. . i . . Canny)has been conducteahd the result proves that ttop

In order to identify the firearm efficiently, an automatic,, J Log andCanny operatohave achieved the highest
identification system is indeed much needed gtdgckly performance which are 76.5%6, Canny 75.7%

narrow down the possible numberrefjuiredmatch Due o ogne ctively Their most important advantages compared to

this pmb'er?" the features vglues to represent Images gfy o techniquesre the simpligty of use and efficient run
more effective to be stored in databdbat require small time detectiofs]

database instead of imageResearchers have fourtiat There is aother comparative study proving that Canny

geometric moment up to the sixth order tee -f.orm. of dge operator is et thanSobel edge operatofmable 1
numerical features has been used for the classification of ows the comparisaf the two technique$7]

firing pin impression images into the respective cIassesM. Rafati et al. have also found ineih researchthat

using discriminant analysis as classifier with successful raéeanny edge detectiooperatorwith SRAD filter is better
96. 7%. However, they have performed only manual imaqﬁan Sobel, Prewitt, Robert and Lo@dge detections

isegdmen;can?hn Wh't‘;h IS one 9{. the T_(r)]St 'mportatntt_Ste%eratorwith SRAD filter in terms of speckle sypession
eading to the pattern recogn |0|[|2]. 1€ segmentation 5nq  details preservation in brachial arteries ultrasound
process should be run automatically in order to reduce

Police image test-firef
store images and physl
samples

Figure1: The process for entering the ballistic data into the IBIS system

Canny edge detection has been developed in 1986 by John
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images.Their result has been summarizsishown irrable All the findings mentiord before leadto the conclusion
2, showing that the Canny operator has the best performarnicat Canny edge detection operator is the best for the
due to the lowest mean of mean square error, MSE and th&pose of edge detectiofherefore, in ourstudy, Canny
highest values of peak signal to noise rd@8NR [8]. edge detection technique is chosdrased on two
characteristics. The first and the most important
characteristicis low error rate. It is important thahe
segmentation is accurate since the purposehefnext

Table 1
ComparativeStudyof Sobel and Canny Eddgetector

studies is to extract feature

Technique Sabel Canny > o . At . )
Computational Simple Comblex firing pin impression.The accuracy is important in this case
Complexity P P because it involves lawl'he secondcharacteristic is that

Edge Detection | Coarse edges detectd '€ @nd coarse edge  Canny operatorareable to processomplex image This is

detected very important because the image of cartridge case is quite

Image pattern Blur image detected | Clearimage detected| complex.

Detection
. . . Suitable for almost all The important part of the image to be segmented is
Input image Suitable for simple images even the v circular in sh . ircul h itis b
complexity image with less edges g | actually circular in shape. Due to its circular shape, it is best
Complex one. to integrateCanny edge detection technique with Circular
Hough Transform. This idea isiggeredby the approach
Table 2 that have been implementdy J. Ni et al.[10] to count
Mean MSE of SRAD ddoising filters and Different Edge Detection . p y : . -l
Operators in left Brachial Artery circular shaped overlapped objectsing Circular Hough
Transform
_ SRADFilters Furthermore, here is a comparative study Z. Zainal
Technique| Canny | Sobel | Prewitt | Roberts | LoG Abidin et al. showing that Hough transform technique
'\,cles"’lE” 0.0005 | 0.0009 | 0.00109 | 0.00108 | 0.0012 perform better than Integro_Differential Operator for circle
Mean 817820 | 78.3043| 77.9029 | 78.0852 | 77.4316 segmentation. The IntegreDifferential Operator has
PSNR performed the accuracy of segmetitan by 22.06% of the

_ _ images, while Hough Transforhassuccessfully segmesd
The MSEand PSNPof the output imagere defined as:  80.88% from the CASIA databaséeye imagdd 1].
As a result, the technique chosen is the integration of both

... B B oW ®M€EQ 1) Canny edge detection and Hough Transf@ror to our
L YO ) segmentation.
where® "AQis the original image@ "@Qis the next image Il. CANNY EDGE DETECTIONALGORITHM

in sequential images and MN is the size of the image. o . )
Canny operator is widely usedri@search related to image

.o .0 processing specificall in edge detection. It satisfies the
0 YO YTt | I/IubYO 2) general criteria for edge detection. Canny edge detector uses

a multistage algorithmThe stages involved in Canny edge

whereL is the maximum value and MSE is the mean squafiftection is showm Table3 [5]:

errof8]. Table3
Inafurther study, edge detéot O_f all thefive opera_tors Multistage involved in Canny edge detection algorithm
has been performed by P. Acharjya et al. Amtimgfive
edge detection operator€anny operator yielded the bes’ Stage Function
result agicturedby the Figure [B]. 1. Smoothing and blurring To remove noise from the image
2. Finding Gradients Abrupt change in the intensity in

between two pixels produce gradier
Edges with maximum magnitudes o
gradients would be marked.

3. Nonmaximum suppression Theedge would be chosen among
the marked edgédsy selecting local

maxima.
4. Double thresholding To determine the prospective edges
5. Hysteresis To track the edges so that the all

edges areonnected.

iginal | Prewi
(&) Origina (b) Sobe (c) Prewitt lll. CIRCLE HOUGH TRANSFORM

Thecircle Hough transform searches the optimum values
of radius,r and the center of the circlefy.) following the
mathematicaEquation(3):

0 whoh "Qahoho fohi (3)

(d) Robert (e) LoG (f) Canny

where "Qa oo Fo i 0w 0 W i
Figure2: Theedgedetection by using five edge detection operators
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for edge pointdfhn ,and "Q plgfs Fe. [ Gray levelimage as ]
input
IV. IMPLEMENTATION

A. Data Collection |

The cartridge case imag#ata were secondary to the ones [ Perform Canny edge detection]
compiled by N. Md Ghani et al. The data of radius and
centre of the manualegmented images were also obtained Jl
from N. Md Ghani et al[2]. The subjects in this research [ Perform Circular Hough Transform]
involved five pistols of Parabellum Vektor $8 mm model.

The crucial characteristic of the pistols chosenthe
capability of producing similar firing pin impression images [ Count number of pixels ioverlap ]

for the purpose of image recognition later. @he subjects region and non overlap region
were labelled as Pistol A, B, C, D and E. Thesere 150,
150, 150, 149 and 148artridge case imaggwoduced by 1

Pistol A, B, C, D and E respectivelffhe cartridge case [ Calculate the percentage of successfulsegmentat]
image was not affected by lighting problem since it was
capturedusing efficient CONDOR Systent herefore there
was a total of 747cartridge caseémagesthat have gone
through the segmentation process automaticalhe shape
of the firing pin impressiowasa circular pin mark. This gy;ract the feature from segmented image for the purpose of
circular pin mark would be segmented from the origin ring pin impression classification. This would be

cartridge case image which is known as firing pi'?:onducted in our further research.
impression image.

Figure 3: Flow diagram afegmentatioimplementation

The purpose of # subsequensegmentationwas to

) ) V. RESULTSAND DISCUSSION
B. Evaluation of Segmentation

The method proposed in this pageimplementedisingMATLAR §R299RB w4 RAE Y\é%l']‘l?é’%ﬁsﬂcﬁégéil‘aﬂ? §@§ﬁ1i§ﬂ?&?ﬁﬁﬂé’e seg

in impression ima using the proposed technique
1. Firstly, the imagevasretrieved andhe Canny edge P P gessy g prop q

detection was employed to generate an edge map. Table 4
Edges were detected at the locations where The segmentation of firing pin impression images
neighborhood pixels ok abrupt changes in their

intensities. Image AO001FP3 BOO1FP3

2. Secondly, @cular Hough transfornwas appliedin g ~ '
order to detectthe circular contour.The Circular Original Image
Hough transform extraet the parameter values of (cartridge case
radius and center of the circle of the firing pin image)
impression image. The range of radius of firing pin
impression has been set manually, depending on the
database of all images.

3. Thirdly, the detected contour of circular eda&s Segmented Image
drawn The circular contour of firing pin impression ("9 ?:T?;me‘;ress'on
from the respected groundtruth imageas also 9
drawn.

4. Lastly, the segmented image produced then would be
compared with the manual segmented image as aThe evaluation of the proposed technigquas measured
ground truth segmented image. The accuracy diased orthe size and location of the circular region. In this
auomatic segmentation of each automatic segmenteaperiment, webtaired the value ofadiusr and the centre
image was calculated based on the number of pixed$ the circle k,y) of the segmented imagm order to
overlapped in both segmented images over the unialescribe the size and location of the circular regknmom
of number of pixels of both segmented imagBse thevalue oftheradius and centre, we ptetl the respective
performance of segmentation of each image in thisegmented circle. After that, we pled the groundtruth

studywasmeasured based on the following rule. circle. The calculation of number oixels of overlap region
in between segmented and groundtruth image, number of
g, Y ommb pixels of segmented image and number of pixels of

groundtruth imagevas implementedising Matlab In order

to evaluate the performance of segmentatioa,regon was

whereR andSrepresent pixels of reference iméige Measured using the technique dfaccard Similarity

groundtruth)and Segmented imagespective|y_ MeaSUrE(JSM).The ratio obtained from JSMvas then

multiplied with 100% in order to gehe performance in

The work flow of the propsed approach is shown inPercentage. This is simplified the form of equation below
Figure 3.

£EY Y

ey v PTTP
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where R and S represent pixels of reference image(ie,

groundtruth) and segmented imagspectively.

The perbrmance of several imaged each imagein

percentagés shown byTable5. The average péormance

of segmentation of 74images is 93%Since this is the first

trial to segment the firing pin impression image

automatically, 93% is consided as an acceptable

segmentation accuracy.

Table5
The performance of segmentation for a few images

Image n(RzS nR) n(s) Perfg;or?ance
AO01FP3 68813 73542 68813 93.6
AO02FP3 58107 58107 90792 64.0
AO03FP3 63347 65144 63347 97.2
BOO1FP3 75410 76454 75477 98.5
BOO2FP3 78427 80425 78427 97.5
BOO3FP3 78427 80425 78427 97.5
CO01FP3 73084 78427 73542 92.6
CO02FP3 70686 73542 70686 96.1
CO03FP3 81723 82448 82448 98.3
DOO1FP3 81967 84496 82448 96.5
DO02FP3 80349 83469 80425 96.2
DOO3FP3 78098 80425 78427 96.7
EO01FP3 68813 74506 68813 92.4 [1]
EO02FP3 68813 72583 68813 94.8
EO03FP3 68813 72583 68813 94.8 2]
VI. CONCLUSION AND FURTHERWORK
[3]
The traditional canny edge detectiaperator has the
capability of identifying very fine edgeswhile circular |4

Hough transfornis capable tadentify circular shape. These
two characteristics of these techniques will lead to a bettét
performance of our experiment for segmentation of circular
region.Based on the experimental resulwe can conclude [g]
that Canny edge detectioimtegrated with circular Hough
transformhas successfully segmented the circular imafge
firing pin impressionwith 93% accuracySince the later [7]
purpose of segmentation is for classification of firing pin
impression, it is crucial to increase the performance close [8)
100%.

In order to improve the segmentatione ypropose that
mor phol ogi cal filterséo
would be usedrior to the Canny edge detectiorn this
way, the segm#ation of firing pin impression image can be
segmented into whole image, centre image and ring ima
automatically Figure 4 is an example ofthe manually
segmented image that has been done.

[11]
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(a) Cartidge case image (b) Whole image

(c) Centre inage (d) Ring image
Figure4: Segmentation of firing pin impression into three part
manually(b), (c) and (d)
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