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1. ABSTRACT

 On the market several systems exist for collecting spent ammunition for forensic investigation. These databases store
images of cartridge cases and the marks on them. The research in this paper is focussed on the different methods of feature
selection and pattern recognition that can be used for comparison.

For automatic comparison of these images it is necessary to extract firstly the useful parts of the images.  On databases of
2000 images several preprocessing steps have been tested and compared. The results and methods, which have been
implemented, are presented.
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2. INTRODUCTION

In the forensic science laboratory in the Netherlands a research study has been done for automated comparison algorithms of
cartridge cases. This study was a part of evaluating the different systems, which exist on the market for databases of
cartridge cases and bullets. These systems are Drugfire and IBIS.

When a firearm is loaded and fired the mechanisms and part in the firearm which come into contact with the cartridge case
or bullet cause impressions and striations that can be characteristic for the firearm being used. The striation marks on bullets
are caused by the irregularities in the gun barrel as well as larger and more distinct land and grooves of the rifling.

The cartridge case ejected will also have marks, which are caused by the firing pin, the breech face as the cartridge is
repelled back in the breach by the force of rifling. The feeding, extraction and ejection mechanisms of the firearm will also
leave characteristic marks.

In the forensic science laboratory these marks on cartridge cases and bullets are compared with the test fired ones. Often the
cartridge case is the most important forensic specimen in the identification of weapons, as bullets are commonly deformed
by the impact. The examiner can also determine based on class characteristics what kind of firearm or which make and
model has been used.

This study handles the different approaches that can be used for comparison on image databases of breach face and firing
pin marks. Further we have some other ideas which can be used in these systems for comparison.

3. BALLISTIC IMAGING SYSTEMS

3.1 DRUGFIRE

DRUGFIREi is a database-driven multimedia system designed to significantly increase the effectiveness of forensic
laboratories in maintaining and searching Open Case Fired Ammunition Files. DRUGFIRE seamlessly integrates forensic



database information, video, audio, digital images, and telecommunications technologies to simulate the functionality of
forensic equipment. Through the use of state-of-the-art technologies, DRUGFIRE® enhances the capabilities of the forensic
firearms examiner.

Figure 1: Drugfire

3.2 IBIS

IBIS (Integrated Ballistics Identification System) is an image analysis system used by law enforcement agencies for
acquiring, storing and analyzing the images of bullets and cartridge cases. Developed by Forensic Technology Inc., IBIS
features two modules - BULLETPROOFTM for bullets and BRASSCATCHERTM for cartridge cases.

The system captures video images of bullet striations and of the markings left on cartridge cases. These images are used to

Figure 2 : IBIS

produce an electronic signature that is stored in a database. The system then compares this signature to that of another fired
bullet or cartridge case-or to an entire database of fired bullets and cartridge cases.

Networking hardware and software allow transfers and comparisons of forensic evidence from different laboratories.



Both systems have comparison algorithm and screens for the comparison. The method of correlation in this system is not
known. However patentsii iii iv v applied by this company describe state-of-the-art correlation methods.

Other systems that have been described on the market are the system Fireballvi and the French system CIBLE. We have not
evaluated these systems.

4. IMAGES FOR COMPARISON

For our evaluation of comparison algorithms we studied on two kind of images:
• Images of breechfaces which are illuminated with side light
• Images of firing pins which are illuminated with ring light

Image of Breechface Image of firing pin with ring light

Figure 3 : image of breechface and image of firing pin with ring light

We used a database of approximately 3900 images, which were acquired by Drugfire under different circumstances. We
tested the algorithms on all images (without prior knowledge). We selected two cartridges case which were fired with the
same gun with striation marks (9 mm Luger) that is found 15 times in the database under different light conditions.

We have a Dutch matching pairs test of test fired cartridge cases. These cartridge cases are fired from firearms that are sent
to the laboratory for investigation between 1990 and 1996.

The test database consists of 50 pairs of 9-mm Parabellum cartridges. An attempt is made to select 50 pairs which would be
good reflection of the average case of which are investigated at our laboratory.

The database is exported to a Linux system. We have used parts of the Khorosvii imaging software, together with some
routines to evaluate the results for the visualization of the hit list.



5. PREPROCESSING

We first equalized the images, since it appeared that the conditions of lighting differed for the cartridge cases.

Figure 4 : preprocessing operation (left : original image, right : processed image)

We used histogram equalization:
1. Compute the average number of pixel per gray level
2. Starting from the lowest gray level band, accumulate the number of pixels until the sum is closest to the average. All of

these pixels are then rescaled to new reconstruction levels
This appears to be necessary for this comparison, since the images are acquired with different settings in light.

For the general image of a cartridge case we have the function g(x,y) which is the gray-value on position g(x,y). Since we
would like to compare just the inner circle of the image (were most impression marks are), we select the circle and outside
of the circle the gray-value is zero (figure 2)

6. COMPARISON

For this research we tried to use the normal correlation techniques which are available from the literatureviii and used some
more sophisticated methods as the multiresolution approach. We did not use any signature technique for comparison, since
we tried to use the information of the greyvalues in the image.

6.1 Difference of two images

For a simple kind of comparison we can take the variance of the difference (which is also used in previous research for
toolmarksix.

(1)

(2)
were N is size of image in pixels in x-direction, M is size of image in pixels in y-direction, µ is the mean.
Sort this variance and the hit list is the lowest variance.
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Figure 5 : subtraction of two cartridge case images

In the database the most similar images are identified. 14 images were in the first 20 positions of the hitlist. One cartridge
case that was positioned somewhat tilted was in the first 5 percent of images.

This method can be very useful for rotation invariant comparison. Further, by rotating the images more can be calculated. A

Figure 6 : histograms of greyvalue of substraction of two images
Left : which are almost positioned the same
Middle : which are positioned with an angle of 5 degrees
Right : different cartridge cases

problem rotating and comparing takes much processing power. Since the user of the database has to position the cartridge
cases with rules, it might be positioned 180 degrees rotated. Also small rotation angles are allowed. We tested the results by
rotation of the cartridge case. It appeared that a small rotation of 5 degrees is allowable.

6.2 Correlation-parameter

For a better statistical approach we use the correlation coefficient which is

(3)
-1 < ρ < 1
If ρ = 1 then f and g agree with each other
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If ρ = 0 then f and g do not agree with each other

The results for a cartridge case with our test case were that 14 out of  15 images were correlated in the first 14 positions. The
slightly tilted cartridge case was found in the first 3 percent.

6.3 Invariant Image Descriptors

A problem is that the above algorithms are translation and rotation variant. A classical technique for registering two images
with translatory misalignment involved calculating the 2D cross-correlation function x

The maximum of this function represents the translation necessary to bring the images into alignment. This function has the
disadvantage of being sensitive to rotation and scale change. Even small rotations of a few degrees can reduce the peak of
the cross correlation function to the noise level.
By using the invariant image descriptors in place of the original images, it is possible to avoid this problem. One such
descriptor is the log-polar transform of the Fourier magnitude, which removes the effect of translation, and uniform scaling
into depended shifts in orthogonal directions.xi

In order to demonstrate the properties of this triple invariant image descriptor, consider the comparison between two images
f(x,y) and g(x,y), which are related by a four-parameter geometric transformation :

g(x,y) = f(α(x cos β + y sin β) - ∆x, α(-x sinβ + y cosβ) - ∆y (4)

The magnitudes of the Fourier transform are invariant to translation, but retain the effect of scaling and rotation :

| (5)

Were G(u,v) and F(u,v) are the Fourier Transforms of g(x,y) and f(x,y) respectively.

Mapping of the Fourier magnitudes into polar coordinates (r,θ) achieves the decoupling of the rotation and scale factors;
rotation maps to a cyclic shift on the θ-axis, and scaling maps to a scaling of the r-axis:

(6)
Were

A logarithmic transformation of the r-axis further transforms scaling into a shift :

(7)
Were ρ=ln(r). The polar mapping followed by the logarithmic transformation of the r-axis is called the log-polar transform.

The optimal rotation angle and scale factor can be determined by calculating the cross-correlation function of the log-polar
transformed Fourier magnitudes of the two images. It is important to note that the cross-correlation needs to be circular
along the θ-axis, and linear along the ρ-axis:

(8)
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Were F(ρ,θ) is equal to F(F(ρ,θ modulo 2π) and XC(R,T) is the two-dimensional cross-correlation function, with
parameters R (difference in logarithm of scale factors) and T (difference in rotation angles).
The θ-axis-circular and ρ-axis-linear cross-correlation can be readily achieved by zero-padding only the ρ-axis direction and
performing a circular cross-correlation with an FFT-based algorithm.
If the valid range of rotations is not known a-priori then an additional cross-correlation may be necessary to remove the 180
degrees ambiguity in the rotation angle, because the Fourier magnitude of a real-valued image is an even function.

It is important with respect to the implementation of the triple invariant image descriptor algorithm the choice of the number
of samples in the log-polar-domain. This number is based on a realistic memory requirement and a realistic representation in
the log-polar-domain.

One way to approach the spatially variant resolution of the log-polar domain is to have the worst-case resolution equal to the
log-polar domain equal the resolution in the rectangular domain. The log-polar domain resolution elements are :

(9)
Where
∆θ : the resolution elements in angular direction
∆ρ : the resolution elements in logarithm of radius-direction
∆l : the arc length between neighboring points in the rectangular domain
∆r : the resolution element in the radius direction
r : the radius coordinate

The worst case resolution in the log-polar domain is the minimum value of ∆θ and ∆ρ.

The number of samples in the log-polar domain necessary for the preservation of the information content:

(10)

(11)
In many imaging applications the signal is limited to mostly lower frequencies, and the noise is in the higher frequencies.

We can also sort this one and it appeared that this works fine for the different results. Since we are working rotation variant,
we had a solution on which we rotated the image. We did a limited test with a firing pin mark. Two firing pins from the
same gun were correlated. They were rotated by 60 degrees, and they appeared in the top two positions of the list.

6.3 Invariant moment calculation

The method of calculation of invariant moment calculationxii methods was also investigated. This method appeared to be
very insensitive to detail and sensitive to light variation. Another disadvantage is that it takes much computing power.

6.4 Multiresolution

There is a huge number of articlesxiii with pattern recognition which is based on wavelet transforms. A wavelet transform is
a localized function of mean zero. Often wavelets incorporate a pyramidal visualization. Wavelet transforms are
computationally efficient and they allow exact reconstruction of the original data. Wavelet functions are often wave-like but
clipped to a finite domain.
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The wavelet can however introduce artifacts. A wavelet for discrete data is the version known as a trous (with holes)
algorithmxiv. This is a redundant transform, since decimation is not carried out.

1 2 3 4
Figure: 4 scales of the original image (above) computed with an a trous wavelet transform

The scale 1 of the à trous will give the finest details of the image. Depending on the details which has to be correlated the
different scales can be used.

We correlated all images with the different scales. It appeared that for this image the scale 3 would have the best results in
which all images will be in the first 10 positions. Further research has to be done to evaluate the different statistical means
and other transform that can be used for this problem.

7. CONCLUSION AND RECOMMENDATION

The comparison algorithm, which is used, depends very much on the kind of markings in a cartridge case. If there are
prominent marks, the simple correlation techniques can be used. A way to make a further comparison is with some artificial
intelligence in which a different type of correlation technique will be used depending on the kind of markings. Our Dutch
database will be investigated further, and other comparison algorithms will be implemented and tested.

Further it is very important how the cartridge case is positioned under the camera. If the user does not satisfy with the exact
procedures, the cartridge case will not be found. One way to improve this, is to rotate the cartridge case, and image step by
step a rotation. This procedure can be automated, and will give a convenient way of dealing with all 3D-information in the
cartridge case that is known to the firearm examiner. The problem with this approach is however that many comparisons
have to be dealt with. This can be

In future research the use of a line scannerxv instead of ring light or coaxial light might be worthwhile to evaluate for the
markings. The use of other 3D-means, like structured light (currently under investigation at our laboratory) and laser
scanning are also worthwhile to evaluate for the acquiring an image. The use of optical processorsxvi xvii is an option to
improve the speed of the correlation's.
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