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Project Description
	This project involved examination of efficacy of purposely placing an alpha-numeric identifier on the firing pins of a select number of handguns to aid in identification.  In traditional identification of fired cartridges, the cartridges are evaluated based on the toolmarks left on the cartridge by the gun as it was fired and then ejected. This creates some degree of subjectivity with the examiner, though the examination techniques employed by trained examiners have been widely accepted. Microstamped identifiers, placed on the firing pin by laser engraving, have recently been proposed as a method to reduce the subjectivity inherent in firearms identification. The purpose of this exploratory study was to examine the performance of a microstamped identifier on a small test set as a function of ammunition brand and firearm action type. 

Project Objectives
The research goals for this project were as follow:
1. Determine the durability of microstamped identifiers on three handguns covering a range of manufactured quality (low quality, medium, high) using optical/computer means.
2. Determine the ability of advanced imaging and recognition software to discern microstamped identifiers as a potential solution to problems associated with this technology.
3. Determine whether a microstamped identifier can be recovered using metallurgical etching techniques in the same manner serial numbers can be restored after they have been ground off.
Publications and Presentations
While funding has ended for this project, work continues to be performed in this area to complete the papers initiated by this research.  One paper has already been published on the research conducted as part of this project.  That paper is designated as Paper #1:

L.S. Chumbley, J. Kreiser, T. Lizotte, O. Ohar, T. Grieve*, B. King*, D. Eisenmann, “Clarity of Microstamped Identifiers as a Function of Primer Hardness and Type of Firearm Action,” AFTE Journal, 44, 2, Spring 2012.

A second paper is in preparation for submission to AFTE, and a preview copy is attached here. Please note that this paper has not yet been submitted so the authors desire to keep the contents of this paper confidential at this time.  We hope to officially submit this paper within the next month.  This paper is tentatively designated as Paper #2:

T. Grieve, L.S. Chumbley, J. Kreiser, T. Lizotte, O. Ohar, “Gear Code Extraction from Microstamped Cartridges,” in preparation for submission to AFTE journal.

Results from this research have also been presented at national conferences. These presentations were (presenter underlined):

T. Grieve, L.S. Chumbley, B. King, D. Eisenmann, “Clarity of Microstamped Identifiers as a Function of Primer Hardness and Firearm Action,” MFRC Annual meeting, St. Louis, May 24-26, 2011.

T. Grieve, L.S. Chumbley, B. King, D. Eisenmann, “Clarity of Microstamped Identifiers as a Function of Primer Hardness and Firearm Action,” 39th annual ASCLD meeting, Denver, Sep. 18-22, 2011.

Consequently, this report will only give a brief survey of many of the results.  It is recommended that the reader consult the published paper and the manuscript in preparation for full details.

Procedures
Cartridge sample preparation
Ten different types of ammunition were selected for this study with a combination of both nickel and brass primers. A detailed list of all ten brands of ammunition can be found in paper 1. 100 rounds of each type of ammunition was fired from each of the three handguns selected (Hi-Point, Taurus, and Sig Sauer), for a total of 3000 cartridge cases. 

Cartridge evaluation
The cartridges were evaluated initially using a stereomicroscope with a polarized light source and were graded on a simple rubric. If all six identifiers were clearly identifiable, the cartridge received a grade of C6. If 5 of the 6 identifiers were clear, it was graded a C5. The cartridges were graded first by a trained examiner, who was instructed to grade more pessimistically. The cartridges were then graded by a second person with no training in forensics examinations who was told to grade optimistically. The second evaluation also included grading on the presence of a gear code. If some of the gear code was present on the cartridge, it received a grade of “Y,” if not then it was graded “N.”
Since some cartridges exhibited very poor microstamp transfer, they were selected to view in the scanning electron microscope (SEM) to see if any of the characters became clearer. The gear code transfer was also investigated at this time. This study is the subject of paper #2 (attached).

Microhardness of primers
	Because ten different brands of ammunition were chosen for this study with both brass and nickel primers, Vickers hardness measurements of the primers were made. Loading was set at 50g and dwell time was 13 seconds. The measurements were made on the already fired primers as far as possible from the firing pin impression in order to minimize any work hardening effects.

Computer Analysis of Microstamped Images
The 3D representation of several cartridges were generated by the IFM microscope that digitizes the cartridge surface at high accuracy. A noise reduction software algorithm was then developed to drastically reduce the noise contained in the raw scanned data. After the data was cleaned, advanced 3D computer graphics tools were applied to enhance the 2D texture image by reducing the effect of saturation caused by the specularity of the cartridge. Further software algorithms were developed to enhance the visualization of the identifier and the gear code by removing the general profile of the 3D shape. With these procedures, both gear code and identifiers stood out visually. The visual identification was successfully realized from the scanned data for C6 cases. The next step would be to develop 2D+3D pattern recognition software algorithms to perform identification automatically.  A funding opportunity is being sought to this end.

Identifier and gear code removal
	The Hi-Point microstamped firing pins (not previously used for firing) were chosen to have the identifiers removed. Both optical and SEM photos were taken before any grinding to document the initial state. To remove the identifiers, 1200 grit grinding paper was used. A mark was made on the firing pin and on the grit paper. The lines on the paper and the pin were aligned and the pin was then rotated 360 degrees without excessive pressure. This was recorded as one rotation. Every 10 rotations, the pin was viewed using a stereomicroscope and a photo was taken. Every 30-40 rotations, the pin was placed in the SEM and photographed.
	After the alpha-numeric identifiers were removed (N.B. the gear code is still intact), the pin was etched with 25% nitric acid for 1-2 seconds at a time. Pictures of the pin were taken between etchings.

Results 
Goal #1: Durability of Microstamped Identifiers
The results detailed in Paper #1 show that while effective microstamping occurs in a high percentage of the time (well over 90%), various effects can occur (smearing, multiple strikes, etc.) that can mar the transfer.  Paper #2 shows that in time like this SEM imaging can improve considerably the number of legible alpha-numerics. Unfortunately, the redundancy hoped to be achieved by the use of the gear code was less successful.  In most cases the gear code was unable to add additional information to what was visible using SEM imaging. 
	Microhardness of the primers did not appear to have any effect on the clarity of transfer. The greatest effect appears to be related to the type of firearm used and the use of lacquered vs. unlacquered ammunition.
	The study clearly shows that 100% transfer is not possible for every gun, there are simply too many variables as regards firearm action and ammunition.  Thus, microsctamping should not be viewed as a panacea that will solve all problems associated with identification. However, it is equally clear that microstamping has the ability to very quickly place information into the hands of law enforcement officials.  It is also evident that the nature of the information is far less subjective and less open to being challenged in court.  Thus, microstamping should be viewed as another weapon in the arsenal of law enforcement, not as a replacement to traditional methods of ballistics identification but as an enhancement that provides a rapid method for screening that can save forensic examiners significant time in the pursuit of criminals.

Goal #2: Advanced Imaging of Microstamped Identifiers
	The use of advanced computer imaging as a possible means of developing an automated system for reading a microstamped gear code was moderately successful. Since this research has yet to be published, this topic is discussed in somewhat more detail below.
	Figure 1 shows the raw scanned data from the optical profilometer for a C6 case. The 2D texture image on the left shows saturation (circled in green) due to the specularity of the scanned surface. The gear code is clear on this 2D image, but the characters are not. The right image shows the 3D data after applying our noise reduction software. The characters are more identifiable in comparison with the 2D texture images, but the gear code is not as legible. 
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Figure 1: a) left image shows the 2D texture image came from the IFM scan, and b) right image shows the 3D data. 

	In order to rectify this problem we first apply a software algorithm to crop the interest region that contains both gear code and identifier. Figure 2a (left) image shows original 2D texture image, while b) the right image shows the enhanced one by applying the virtual lighting onto it. It clearly shows that the enhanced image not only makes the character more easily legible, but also diminishes the effect of saturated areas. 
[image: D:\Song\Forensic_Project\Bullet Casings for Song\sig-AmericanE-216-scan1\lightoff.bmp]		[image: D:\Song\Forensic_Project\Bullet Casings for Song\sig-AmericanE-216-scan1\lighton.bmp]
Figure 2: a) Left image shows the interest region of original 2D texture image, and the right image shows the enhanced image after applying the virtual lighting onto it.

	Since the identifiers (i.e., gear code and characters) were attached on the large general profile, a typical 3D recognition software algorithm will not be able to pick them up since their influence is almost negligible in comparison with the larger features. A software algorithm was developed that could automatically remove the general large profile and make the identifier stand out. Figure 3 shows the original scan and the general profile generated on the left. By then digitally removing the general profile the resulting difference gives an enhanced view of the identifier, where it is easier to recognize both the gear code and the characters. 
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Figure 3: The subtraction of general profile leads to the enhanced visualization both gear code and the characters. 	

	At this point the next step is to try and apply the developed routines and noise reduction processes to cartridges which have been marked poorly in order to see whether the advanced imaging can give improvement over the results seen using SEM imaging. Efforts to secure additional funding to continue this line of investigation are underway.

Goal #3: Recovery of Removed Microstamped Identifiers
	Efforts to recover the alphanumeric identifier after it has been sanded off by etching techniques has been largely unsuccessful.  Since the results of this research have not yet been published, a somewhat lengthier discussion is provided below.
	Figure 4a shows the initial state of a firing pin for the Hi-Point firearm before any grinding was done.  This pin was gradually ground down by rotating the end on 1200 grit paper. An image after this grinding is shown in Figure 4b.  Note that while the alpha-numeric identifier is almost gone the surrounding gear code is still intact and could be used for identification. After 210 rotations, the identifiers are removed, with only a small side of the H and P still visible (Figure 4b). Because this was done by hand, the grinding was not uniform across the surface. 

[image: C:\Users\tngrieve\Documents\Bullets\Hi-Point firing pin #2, erosion study\SEI\Hi-point firing pin #2, 210 twists.tif][image: C:\Users\tngrieve\Documents\Bullets\Hi-Point firing pin #2, erosion study\SEI\Hi-point pin #2 initial sei.jpg]Figure 4: a) before grinding; b) after 210 rotations.

	Etching the firing pin was achieved by dipping the end of the pin into the etchant (25% nitric acid) for ~1-2 seconds and then rinsing the solution off of the pin. Figure 5a shows the pin after 2s of etching as it appears in the SEM and Figure 5b after 2s of etching through the stereomicroscope. While it’s difficult to see which areas of the pin the acid attacked in Figure 5b, some of the identifier places have a white outline around where they should be. The SEM image does not appear to reveal much more than the optical image does.
	Etching for greater lengths of time was attempted to see if the image can be improved, but with negative results.  It appears that the plastic deformation present in the base metal of stamped serial numbers that allows for number restoration via etching does not exist to an appreciable extent in microstamping, which basically involves laser etching of the surface.
	While the alphanumeric has been removed, there is still some hope that the identifier could be recovered since the gear code remains essentially intact.  If additional finds can be obtained this possibility will be tested by shooting an additional 1000 rounds of ammunition through the Hi-Point firearm using the ground firing pin.
[image: C:\Users\tngrieve\Documents\Bullets\Hi-Point firing pin #2, erosion study\SEI\Hi-poing firing pin #2, after hno3 etch sei.jpg][image: C:\Users\tngrieve\Documents\Bullets\Hi-Point firing pin #2, erosion study\Camera thru stereomicroscope\210 twists, after 2s hno3 etch.JPG]Figure 5: a) after 2s etch SEM; b) after 2s etch stereomicroscope.

Summary and Conclusions
	While microstamping can allow a rapid identification of a firearm in most cases, thereby quickly getting information into the hands of law enforcement officials, it is not foolproof and does not work at all times.  Different fireams will produce different results, as will different ammunition brands. Lacquered cartridges appear to present special problems.  The presence of the gear code adds little when the alpha-numeric is visible, but may have some use if grinding removes the identifier.  Computer-aided analysis of the identifier appears possible, although much work needs to be done to develop suitable algorithms. Even then it is clear that 100% identification will not be possible.

References
	See reference lists of the published paper and the attached manuscript for a complete bibliography associated with microstamping.

Attachments
	A manuscript that has been prepared for submission to the AFTE journal is attached.  The authors request that these results be kept confidential until the paper has been submitted.
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ABSTRACT
The firing pins of three different handguns were modified to stamp a six-digit alpha-numeric code and a circumferential digital code known as a gear code into the primer of a cartridge when fired.  In this paper the transfer of gear codes from firing pin to primers was evaluated using scanning electron microscopy (SEM). Only those cartridges that received poor clarity marks optically as regarding the alpha-numeric code were chosen for evaluation in the SEM. Photo editing software was employed to clearly outline and decipher the gear code around the circumference of the microstamped primer.  Results show that the better imaging of the SEM allows more of the alpha-numeric identifiers to be distinguished as well as more of the gear code structure, however complete recognition is still not possible in all cases.
Introduction
Over the past few years, intentional firearm microstamping has received a large amount of attention from technical discussions [1-4], lawmakers [5], and the media [6-8]. Microstamping involves placing alpha-numeric identifiers onto the surface of various components associated with the firing of a firearm, such as the firing pin or breech face.  These unique identifiers are then automatically transferred to the cartridge upon firing due to the forces involved in the action. Current thinking regarding microstamped markings suggests the use of six to eight alpha-numeric characters along with a circular gear code (consisting of a digital code whose intent is to confirm the alpha-numeric characters) as an optimum configuration. It is proposed that these microstamped identifiers can be used as a simple, objective, and rapid means of identification of a particular gun, similar to the way a license plate identifies a particular car. An example of a microstamped mark showing both alpha-numeric identifier and circular gear code is shown in Figure 1.
While simple visual observation can determine what the identifiers are if the microstamping is clear, distortion of the transfer makes their identification much more difficult. If the alpha-numeric characters are deformed, or partially removed due to sanding of the tip of the firing pin, the only means of identification for the original microstamped identifier might be the gear code. Thus, the gear code could provide important information that could either fill in any gaps in a distorted alpha-numeric code, or be used to replicate the code if the alpha-numeric identifier is entirely illegible.

[image: ]  [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S216 50 grayscale.png]
Figure 1: a) Microstamped mark from a Sig Sauer P226 semiautomatic handgun. b) Microstamped mark with gear code overlay.
The gear code is deciphered by dividing the circular code into eight equal sectors, excluding the wedge at the top of the gear code, which marks the start of the sequence (see gray line in Figure 1b). This translates to eight sectors of 42 degrees, delineated in Figure 1b by straight, white lines. The code is then read clockwise, in six bit binary, where each bit is a 7 degree increment, as shown in Figure 1b by black lines.  The numbers “0” and “1” then correspond to whether the primer is left in the unstamped or stamped condition, respectively.  For example, the first section of gear code in Figure 1a is then read as 011001, which corresponds to the letter “S” and is also the first character in the alpha-numeric code. The subsequent sectors correspond to the identifiers being read left to right. Thus, in Figure 1, the second sector represents the second character, 2, the third 3, etc. The gear codes contain the numbers 0-9 and all letters of the alphabet, excluding I, O and Q to eliminate any confusion in evaluation. More information regarding gear codes, microstamping, and translation of the digital code into the alpha-numerics can be found in the literature [2].  A table showing the digital code and the corresponding alpha numeric is shown in Table I.
In this study the efficiency of transfer of gear codes from micro-etched firing pins to a variety of ammunition types is reported.  This paper constitutes a follow-up to an earlier study where the alpha-numeric was examined [3].  Readers are encouraged to consult this earlier study for a full understanding of the experimental design.

Table I: Variable pitch gear code table.
[image: ]
	
Experimental
Samples examined in this paper were described a previous study [3].  Briefly, cartridges were fired and examined using three different semiautomatic handguns: a Sig Sauer model P226 pistol, a Taurus model PT609 and a Hi-Point model C9.  Six character microstamped firing pins were optimized for these guns and ten different brands of ammunition representing a range of primer hardness and types were selected. Each gun was used to fire 100 rounds of each brand of ammunition, 10 rounds per clip, for a total of 1000 rounds per gun. The brands of ammunition used can be found in Table II.
Table II: Ammunition brands used in the study.
	Firing Order
	Ammunition Brand
	Primer Type
	Primer Material
	Description

	1
	Brown Bear
	Berdan
	Brass
	115 gr., full metal jacket

	2
	DAG
	Boxer
	Brass
	124 gr., full metal jacket

	3
	Federal - American Eagle
	Boxer
	Nickel
	115 gr., full metal jacket

	4
	Remington - UMC
	Boxer
	Nickel
	115 gr., Flat Nose Enclosed Base, letters “H F” stamped into the primer

	5
	PMC
	Boxer
	Brass
	115 gr., full metal jacket

	6
	Silver Bear
	Berdan
	Brass
	115 gr., full metal jacket

	7
	CCI Blazer
	Boxer
	Nickel
	115 gr., full metal jacket

	8
	Cor-Bon
	Boxer
	Nickel
	147 gr., full metal jacket

	9
	Independence
	Boxer
	Nickel
	115 gr., full metal jacket

	10
	Sellier & Bellot
	Boxer
	Brass
	115 gr., full metal jacket, primer covered with red lacquer sealant



Evaluation of the microstamped alpha-numeric identifiers has already been published [3].  Optical grades were given based upon the number of clearly legible alpha-numeric characters visible using a stereomicroscope. If all six identifiers were clearly read, the cartridge received a grade of C6, if only five identifiers were clear, the cartridge was graded C5, etc.  For the current study, only fired cartridges that received an optical grade of C2 or below were chosen for evaluation.  Since the Taurus and Sig Sauer generally received better optical grades, not all of the poor grade levels are represented for each firearm.  A total of 21 cartridges of poor grades were evaluated, five from the Sig Sauer gun, five from the Taurus, and 11 from the Hi-Point. 
The selected cartridges were cleaned and examined using a JEOL 6061LV scanning electron microscope (SEM). Pictures were taken using either secondary electron imaging or backscattered electron imaging, depending on which imaging technique made the gear code more legible. The SEM images obtained were then examined using a free photo editing software (GIMP), the outline of clear gear code was traced, and an overlay of the correct angles was placed upon the image to evaluate the gear code.
Results
As with the previous microstamp study [3], the Sig Sauer had the best transfer of gear code and legible identifiers, while the Hi-Point and the Taurus did not transfer identifiers and gear codes quite as well.  In this section examples of analyses from several selected cartridges will be presented, followed by a summary of results for all of the cartridges examined.  
Sig Sauer
	In Figure 2, Sig Sauer cartridge number 24 (Brown Bear) graded C2 optically is shown. More detail is visible in the SEM image than when using a stereomicroscope and the identifier appears to be S23-SX7 by simple SEM examination without resorting to the gear code. In this instance the gear code is complete and can be clearly deciphered. All eight characters are visible and decode as S23-SX7-SS, which confirms the assessment of the alpha-numeric based solely on SEM imaging.

[image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S24 70x.jpg]  [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S24 grayscale.png]
Figure 2: SEM image of a) Sig cartridge #24, Brown Bear. b) Outlined gear code and overlay.
While generally the Sig Sauer had the best and most consistent transfer [3], this was not true in all cases. Figure 3, shows an example of a poorly marked cartridge (CorBon) that was graded C0 optically. The SEM image reveals more identifiers in addition to a partial gear code. 
[image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S707 70x.jpg]   [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S707 grayscale.png]
Figure 3: a) SEM image of Sig cartridge #707, CorBon. b) Outlined gear code and overlay.
Estimating exactly how many of the alpha-numerics can be deciphered using SEM is somewhat artificial since the identifier is already known.  While it is difficult to be totally objective, it would appear that an unbiased observer might make a reasonable guess at 2-3 of the alpha-numerics, possibly S*3 – S*7 at best, based solely on SEM imaging.  In this case there is probably a greater tendency to make an incorrect identification by being overly optimistic with the guess.
	While only part of the gear code can be deciphered, it still yields enough information to confirm the first three identifiers and part of the fourth. The first sector can be read as “S”, the second as “2”, the third as “3”.  Complete transfer fails at the fourth identifier.  
Taurus 
The Taurus firing pin did not mark gear codes nearly as well as that of the Sig. This was partly the sharper radius of the pin [3] and partly due to the sparse gear code on the pin [3], i.e. the code consisted of large continuous areas of stamped “1” or unstamped “0”.  This absence of surface relief was found to make it difficult to determine whether the cartridge was left unstamped to denote a 0 or whether the cartridge simply was not marked at all.  As a result, very little additional knowledge as to the unique identifier was added by the presence of the gear code.  An example is shown in Figure 4, which is cartridge, number 233 (American Eagle).  Optically, this cartridge was graded C2, although the better imaging available using the SEM allows the first three alpha-numerics to be read as T13 fairly easily, with suggestions of 2 additional identifiers, possibly a 5 or an S, and a 1.  When examining the gear code the sectors for identifiers 3-8 are not visible at all; the first two sectors of the code yield the correct identifiers T and 1. 
[image: C:\Users\tngrieve\Documents\Bullets\SEM cartridge grading\Taurus\T233 80x.jpg] [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Taurus\T233 grayscale.png]
Figure 4: a) SEM image of Taurus cartridge #233, American Eagle. b) Outlined gear code and overlay.
In general for the Taurus cartridges examined, only the first two identifiers could be extracted from the gear code.  Figure 5 shows an even poorer alpha-numeric and gear code transfer from  cartridge #296 (American Eagle) graded C1 optically.  Again the SEM imaging allows 1 and 3 to be ascertained from the alpha-numeric but only the number “1” is able to be deciphered using the gear code, which falls in the second sector of the eight possible sections.  All other sectors appear distorted, precluding any interpretation with a high level of confidence.

[image: ][image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Taurus\T296 grayscale.png]
Figure 5: a) SEM image of Taurus cartridge #296, American Eagle. b) Outlined gear code and overlay.

Hi-Point 
Like the Taurus, the Hi-Point did not transfer its gear code as well as the Sig Sauer. However, the Hi-Point pin did have a more robust gear code with considerable surface relief, which made it somewhat easier to discern if the primer had indeed been marked. In Figure 6,  cartridge #610 (CCI Blazer) graded optically as C1 is shown.  Again the SEM reveals more of the alpha-numeric than could be seen optically as well as a fraction of the gear code.  In Figure 6a the identifier appears to be H60-PZ*, with the last alpha-numeric undistinguishable.  When considering the gear code, “H” can be read clearly, but the “6” is slightly muddled. As the outline shows in Figure 6b, the gear code for the second identifier appears to read 000100, which would correspond to the number “4”.  This is obviously incorrect and once again forces an examiner to decide between what appears to be a clear marking of the alpha-numeric and the validity of the gear code. 
[image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Hi-Point\H610.jpg]  [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Hi-Point\H610 grayscale.png]
Figure 6: a) SEM image of a Hi-Point cartridge #610. b) Outlined gear code and overlay.
	In this particular cartridge, the primer seems to have been struck twice and smeared, which distorts the alpha-numerics and obscures the correct gear code reading of (000110). Double strikes were especially prevalent in the Hi-Point.  
	A second example is shown in Figure 7. This Silver Bear cartridge, #520, was graded C0 optically.  However, when imaged with SEM reasonable guesses could be made as to the identity of most of the alpha-numerics.  Although there is considerable uncertainty and judgment involved, the identifier seems to be an H or an A, followed possibly by a 6, then 0. The second three-digit sequence appears to be possibly a P, followed by Z, then maybe a 5.  In this case the gear code lends valuable assistance and permits unambiguous identification of the first two sectors, which translate as “H” and “6”, confirming the tentative assessment of the image. The third sector almost reveals the third identifier as “0”, but the last bit of the gear code didn’t transfer. However, since most of the “0” did transfer on the identifier, an examiner might conclude that the first three digit sequence is H60.
[image: H520] [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Hi-Point\H520 grayscale.png] 
Figure 7: a) SEM image of Hi-Point cartridge #520, Silver Bear. b) Outlined gear code and overlay.

	Like cartridge #610, cartridge #716 from the CorBon ammunition set also has an erroneous gear code for the second digit. Optically, this cartridge was graded as C2, but three additional alpha-numerics are revealed through the SEM image. As seen in Figure 8, the first sector of the gear code reads correctly as 010001 (H), but again the second sector reads as 000100 (4). However, the gear code corrects itself at the third sector and reads as 000000 (0). From the alpha-numerics that transferred, it’s clear that the second alpha-numeric is actually a “6” and not “4” as the gear code suggests. Still, the gear code does manage to give us the missing alpha-numeric, H, changing the overall clarity rating to C6. 
[image: H716 70x] [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Hi-Point\H716 grayscale.png]
Figure 8: a) SEM image of Hi-Point cartridge #716, CorBon. b) Outlined gear code and overlay.

Lacquered Cartridges
	Lacquered cartridges, from the Sellier & Bellot ammunition, posed problems during the optical and SEM evaluations, especially for the Hi-Point cartridges as it interfered with the transfer of the identifiers and the gear code. As seen in Figure 9, Sig Sauer cartridge #909 (S&B) does not have the clarity that the earlier cartridges did in either the alpha-numeric characters or the gear code. In fact, the only parts of the gear code that can be readily deciphered are the first and last sections, both of which read 011001 (S). 
[image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S909.jpg]  [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Sig\S909 grayscale.png]
Figure 9: a) SEM image of Sig Sauer cartridge #909, S&B. b) Outlined gear code and overlay.
	The slightly smeared Sig Sauer transfer described above still appears fairly clear, however, especially when compared to the poorest transfers from some of the Hi-Point cartridges. Figure 10 is a good example of some of these transfers. Hi-Point cartridge #974 (S&B) in Figure 10a was graded optically as C0 and its grade only improves to C1 with SEM and gear code analysis. By comparison, the gear code on cartridge 937 did not fare as well as that of 974. The first half of the visible portion is wiped out, making any analysis of the gear code futile. However, the SEM analysis does yield another alpha-numeric character than the optical grade did, making the total clarity rating C2. 
[image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Hi-Point\H974.jpg]  [image: C:\Users\tngrieve\Documents\Microstamp\SEM cartridge grading\Hi-Point\H937.jpg]
Figure 10: a) SEM image of HP cartridge #974. b) SEM image of HP cartridge #937.
	Like the unlacquered cartridges, the lacquered Taurus cartridges showed poor gear code transfer, even to the extent of lacking the starting wedge marker (Figure 11). Though the lacquer smeared the alpha-numerics of the Hi-Point extensively, the Taurus did not exhibit such extreme distortion. As evidenced by Figure 11, the alpha numerics are still legible. Cartridge #945 (S&B) shown in Figure 11a was graded optically as C3 and with SEM evaluation the total clarity grade conservatively becomes C4 and it could be argued a C6. Cartridge 944 was graded optically as C2, but all 6 alpha-numerics are visible in the SEM image.
[image: ]   [image: ]	
Figure 11: a) SEM image of Taurus cartridge #945. b) SEM image of Taurus cartridge #944.
Gear Code Analysis by Clip
	Often where a shooting has occurred several cartridge cases may be left behind. Assuming that the gun used was equipped with a microstamped firing pin, one argument made in defense of poorly transferred markings is that given a large number of incompletely marked cartridges from (presumably) the same clip, could the entire identifier be reconstructed?  To examine this hypothesis, cartridges from two clips from each gun were examined optically with a stereomicroscope, one from a non-lacquered ammunition set and the other from the lacquered S&B cartridges. Each clip chosen had the highest number of non-C6 ratings to represent a possible worst case scenario. Table III summarizes the grades of the chosen clips. The bold, capital X’s denote both the alphanumeric character and its corresponding section of gear code were legible, the lower case, x’s denote only the alphanumeric character having a clear transfer and GC denotes only the gear code being decipherable. If the table is blank it means for that cartridge neither the alpha-numeric or gear code were decipherable.
	Not surprisingly, the only complete alpha-numeric + gear code transfers occurred in the Sig Sauer clips, both unlacquered and lacquered.  It should be noted, however, that due to the presence of lacquer in cartridges 901-1000, the transferred gear code was slightly smeared, but the code in many cases could still be deciphered. 
The Taurus cartridges again did not have all of the gear code on the unlacquered cartridges, though they did assist in identifying the first one or two alphanumeric identifiers. The lacquered Taurus cartridges were largely unhelpful in examining the gear code. The Taurus firing pin’s lack of surface relief combined with the lacquer coated primers caused no gear code transfer in the Sellier & Bellot cartridges. In some cases, even the start wedge of the gear code failed to transfer. 
The Hi-Point gear codes were more slightly helpful than those of the Taurus. Still, the gear code transfer did not extend beyond the “0,” and as evidenced by the table, in several cases did not transfer or did not transfer legibly.
Despite the poor performance in some cases, it is still apparent that if one knows or could safely assume that all ten cartridges found at a crime scene came from a single clip of ammunition, the entire identifier could be reconstructed using the combined information.
Table III: Summary of gear code and alphanumeric character evaluation from low grade clips
	Hi-Point

	
	Unlacquered
	
	
	Lacquered (S&B)

	Ctg.
	H
	6
	0
	P
	Z
	E
	
	Ctg.
	H 
	6
	0
	P
	Z
	E

	571
	X
	X
	X
	x
	x
	x
	
	981
	X
	X
	X
	
	x
	

	572
	X
	X
	x
	x
	x
	
	
	982
	x
	x
	
	
	x
	

	573
	
	X
	
	x
	x
	
	
	983
	x
	x
	
	
	x
	x

	574
	
	x
	x
	
	x
	x
	
	984
	GC
	x
	x
	
	x
	x

	575
	x
	x
	x
	
	
	
	
	985
	GC
	x
	x
	
	
	x

	576
	x
	
	x
	x
	x
	
	
	986
	GC
	X
	X
	x
	
	

	577
	x
	x
	x
	x
	x
	x
	
	987
	x
	
	X
	x
	x
	x

	578
	
	X
	X
	x
	
	x
	
	988
	X
	X
	X
	x
	x
	x

	579
	
	x
	
	
	x
	x
	
	989
	O
	X
	X
	
	x
	x

	580
	x
	x
	x
	x
	x
	x
	
	990
	x
	
	
	
	
	

	Taurus

	
	Unlacquered
	
	
	Lacquered (S&B)

	Ctg.
	T
	1
	3
	A
	5
	L
	
	Ctg.
	T
	1
	3
	A
	5
	L

	571
	X
	x
	x
	x
	x
	x
	
	911
	x
	x
	x
	x
	x
	x

	572
	X
	X
	x
	x
	x
	x
	
	912
	
	x
	x
	x
	
	x

	573
	X
	X
	x
	
	x
	x
	
	913
	x
	x
	x
	x
	x
	x

	574
	X
	X
	x
	x
	x
	x
	
	914
	x
	x
	x
	x
	x
	x

	575
	x
	x
	x
	x
	x
	
	
	915
	x
	x
	x
	x
	x
	x

	576
	X
	x
	x
	
	x
	x
	
	916
	x
	x
	x
	x
	x
	x

	577
	X
	X
	x
	x
	x
	x
	
	917
	
	x
	x
	x
	x
	x

	578
	X
	X
	x
	x
	x
	x
	
	918
	x
	x
	x
	x
	x
	x

	579
	X
	X
	x
	x
	x
	x
	
	919
	
	x
	x
	x
	x
	x

	580
	X
	x
	x
	
	x
	x
	
	920
	x
	x
	x
	
	x
	

	Sig Sauer

	
	Unlacquered
	
	
	Lacquered (S&B)

	Ctg.
	S
	2
	3
	S
	X
	7
	
	Ctg.
	S
	2
	3
	S
	X
	7

	191
	X
	X
	X
	X
	X
	X
	
	911
	X
	x
	
	x
	x
	

	192
	X
	X
	X
	X
	X
	X
	
	912
	X
	X
	X
	X
	X
	X

	193
	X
	X
	X
	X
	X
	X
	
	913
	x
	X
	X
	X
	X
	X

	194
	X
	X
	X
	X
	X
	X
	
	914
	x
	x
	x
	x
	x
	x

	195
	X
	X
	X
	X
	X
	X
	
	915
	X
	X
	x
	x
	X
	X

	196
	X
	X
	X
	X
	X
	X
	
	916
	X
	X
	X
	X
	X
	X

	197
	X
	X
	X
	X
	X
	x
	
	917
	X
	X
	x
	x
	x
	x

	198
	X
	GC
	X
	X
	GC
	X
	
	918
	x
	x
	x
	x
	x
	x

	199
	X
	X
	GC
	x
	GC
	GC
	
	919
	x
	x
	x
	
	x
	x

	200
	X
	X
	X
	X
	X
	X
	
	920
	x
	x
	x
	
	x
	x



Discussion
A summary of the results obtained in this study is shown in Table IV for the 21 cartridges examined. As seen in the table, simply using the SEM as an evaluation tool measurably increased the number of visible alpha-numerics, irrespective of the gear code.  In fact, the gear code was only seen to increase the number of identifiable alpha-numerics in a single instance, although it could be argued perhaps that the gear code did confirm the guesses made based on SEM imaging.  However, this help must be balanced with those cases where the gear code seemed to be at odds with the visual data from imaging (e.g. cartridges H610, H716 and S707).  
Table IV: Summary of grades from optical and SEM assessments.
	Sig Sauer

	Ctg. Number
	Brand
	Optical grade
	SEM grade
	Gear Code
	Total Identifiers

	10
	Brown Bear
	C1
	C3
	C5
	C6

	24
	Brown Bear
	C2
	C6
	C6
	C6

	707
	CorBon
	C0
	C2
	C2
	C3

	908
	S&B
	C0
	C2
	C1
	C2

	965
	S&B
	C4
	C4
	C0
	C4

	985
	S&B
	C4
	C6
	C0
	C6

	Taurus

	Ctg. Number
	Brand
	Optical grade
	SEM grade
	Gear Code
	Total Identifiers

	101
	DAG
	C5
	C6
	C0
	C6

	233
	Amer. Eagle
	C2
	C3
	C2
	C3

	275
	Amer. Eagle
	C5
	C5
	C0
	C5

	282
	Amer. Eagle
	C2
	C3
	C0
	C3

	296
	Amer. Eagle
	C1
	C2
	C1
	C2

	944
	S&B
	C2
	C6
	C0
	C6

	945
	S&B
	C3
	C4
	C0
	C4

	Hi-Point

	Ctg. Number
	Brand
	Optical grade
	SEM grade
	Gear Code
	Total Identifiers

	164
	DAG
	C1
	C6
	C1
	C6

	218
	Amer. Eagle
	C2
	C3
	C0
	C3

	420
	PMC
	C2
	C6
	C3
	C6

	520
	Silver Bear
	C0
	C3
	C2
	C4

	541
	Silver Bear
	C1
	C5
	C0
	C5

	573
	Silver Bear
	C2
	C6
	C3
	C6

	716
	CorBon
	C2
	C5
	C1
	C6

	880
	Independence
	C2
	C6
	C3
	C6

	910
	S&B
	C2
	C4
	C0
	C4

	937
	S&B
	C1
	C2
	C0
	C2

	974
	S&B
	C0
	C1
	C1
	C1



	As mentioned, most of the improvement in scores came not by use of the gear code but by the improved imaging characteristics of the SEM.  While this is encouraging, the SEM is not something readily available to forensic examiners.  It is interesting that the majority of the gear codes tended to mark well in the initial sectors (e.g. up to the first three identifiers, especially with the Hi-Point and Taurus) but less well in the remaining ones.  Unfortunately, the code in the missing regions also corresponded to the missing alpha-numerics, so the gear code rarely was able to clarify any uncertainties in the last three alpha-numerics. For the evaluated cartridges the clarity of the transferred alpha-numerics as a function of position was examined to see if any trends existed that might guide placement of the gear code in such a manner as to better allow reconstruction of the missing alpha-numerics using the gear code, such as possibly a reversal of the gear code to run counter-clockwise rather than clockwise.  While, no clear trends were discernible from the limited amount of data obtained this remains an area worth investigating.  If the firing / ejection mechanism of a particular handgun consistently produces a smearing of the alpha-numeric in a certain area, it might be possible to design the gear code such as to provide redundancy in an area that statistically provides good transfer clarity.  Other possible areas to study include the effect of the shape of the firing pin as pertaining to size and radius of curvature at the tip, as it is expected these will also play a role in the clarity of gear code transfer.
	It should also be noted that the quality of the gear code transfer was not examined in cartridges that previously had received a rating of C6.  Since the gear code is meant to be a backup for those who might seek to remove the alpha-numeric code at the tip, this also is an area of further study.  A study to determine the possibility of determining the identifier based solely on the gear code in comparison to the possibility when solely using the alpha-numeric is planned for the future.
	
Conclusions
	This study investigated the transfer of a digital circumferential gear code placed on the end of the firing pin of three different firearms.  As seen in a previous study that only evaluated the quality of alpha-numeric transfer, this study showed that gear code transfer was not universal. However, with partial information from both the identifiers and the gear code, some identification can be made, especially when the information discernable from the gear code does not overlap that provided by the readable alpha-numerics. That being said, a full gear code appears to be rare and dependent on the weapon that made the impression. While large pieces of the gear code did not transfer in many cases, SEM evaluation greatly improved the clarity ratings for nearly all selected cartridges.   
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