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Background 

Firearm and toolmark identification is a discipline of forensic science that has, as its primary function, the 
determination of whether two toolmarks share a common tool source. This can be key to a criminal investigation 
when there is a need to know whether the recovered firearm was used at one (or more) crime scenes.  

The basis for firearm and toolmark identification is the premise that the tool manufacturing processes impart 
microscopic, random characteristics on each tool, and that these marks are different from the marks on other 
tools. Different even from those manufactured in the same batch. Then, when these tools come into contact with 
a softer material those toolmarks are transferred from the tool to the material upon which the tool acts.  

For example, when a bullet travels down a gun barrel, the surface of the bullet acquires a series of fine microscopic 
striations—a toolmark pattern—from the inside surface of the gun barrel that have been left from the 
manufacturing processes. The toolmark pattern on a bullet fired from a different barrel will be different. When a 
pipe wrench is used to grip a pipe, the microscopic patterns of toolmarks left on the pipe from the manufacturing 
process are transferred to the surface of the pipe. Much like barrels, the marks transferred from a pipe wrench will 
be different than those transferred from a different pipe wrench. 

Trained examiners can reliably compare these toolmark patterns and offer an opinion as to whether the toolmarks 
were produced by the same tool. Early 20th century attempts at comparison relied on photographic enlargements 
of each of the toolmarks and then a comparison of the photographs. French researcher Victor Balthazard used this 
technique to compare fired bullets and cartridge cases. Another method used by early forensic scientists such as 
Calvin Goddard, was the examination of a single item under a microscope, followed by sketching or committing to 
memory what was being observed, and then examination of the next item under the same microscope. But neither 
method permitted the assessment or comparison of microscopic toolmarks that are critical to making authoritative 
common-source determinations. 

Recognizing the need for a tool that would allow for a more critical assessment and comparison, the chemist Philip 
O. Gravelle, developed a comparison microscope while working alongside Calvin Goddard. A comparison 
microscope consists of two identical microscopes linked by an optical bridge. This optical bridge allows for the 
viewing of the two items, within a single field of view, and typically at a range of magnifications while each item is 
in a physically separate place. Since its development and through to the contemporary era, the comparison 
microscope has remained the key tool that allows for reliable comparison of the microscopic features and 
toolmarks on bullets and cartridge cases by forensic firearm and toolmark examiners. 

In the roughly 100 years that it has been in use, the basic design of the comparison microscope for firearm and 
toolmark examiners has not changed. But features such as optics, working distance, lighting, stage movement and 
specimen manipulation have seen significant improvement and are important product differentiators. Ergonomics 
and concerns for user comfort as well contemporary requirements for documentation, quality control and access 
to ballistics databases have led to the development of features that are now essential to a quality comparison 
microscope.  

This document highlights the Projectina VisionX comparison microscope and the features that make it the leading 
comparison microscope for forensic firearm and toolmark purposes. 
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Optics 
Toolmark comparison can involve marks as small as 10 to 30 microns, and common-
source determinations are based on an examiner’s observations. Image clarity and 
sharpness are therefore of critical importance, especially at higher magnifications. 

To provide the examiner with the greatest flexibility in toolmark evaluation, it is essential 
that the microscope be capable of producing sharp, well-defined images over a wide 
range of magnifications.  

Comparison microscope optics must be of the highest possible quality and it is essential 
that the magnification of the objectives be precisely matched. If there is the slightest 
discrepancy in magnification, toolmark patterns that may otherwise agree, may appear 
to be different. Calibrated and precisely matched objectives give the examiner confidence 
that toolmark comparisons—and the resulting report—will be reliable.  

VisionX provides extremely sharp images over the range of 1.3x to 243x magnification. 
Each apochromatically corrected objective provides three fixed and precisely matched 
magnification levels, allowing for the examination of fields of view ranging from 0.9 mm 
to 169 mm (0.03 inch to 6.65 inches). This allows for the viewing of overall toolmark 
contour as well as the finer details within those toolmarks, elements that are critical to 
successful toolmark comparison. 

Parfocality and parcentricity 
It can be difficult to maintain a toolmark segment within the field of view when changing 
to higher magnifications. This may require carefully stepping up one level at a time and 
then re-centering the field each time. 

But when objectives are parfocal and parcentric, the image remains centered and focused 
as magnification changes. 

The design of the VisionX optics allows for movement from one magnification level to 
another without this need for re-centering, and allowing for more precise and reliable 
viewing of critical areas of a toolmark. Unlike other microscopes with manual 
mechanical operation, VisionX objectives are mounted on a motorized turret, eliminating 
unnecessary jarring of the stages to further optimize the process. 

Aperture and iris diaphragms 
Examiners need the ability to observe the base of an impression while ensuring alignment 
of toolmarks that were observed on the sides of the impression. This is especially useful 
when viewing toolmarks with significant depth, such as firing pin impressions for example, 
where depth of focus is critical. 

Each VisionX objective has an iris diaphragm with as many as 7 stops for better control 
of lighting and depth of field on significantly deep toolmarks.   
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Working distance 
In microscopy, working distance is defined as the distance between the objective lens and 
the object under examination. Because toolmark examiners observe a wide variety of 
objects, it is essential that the working distance be able to accommodate larger objects 
such as tools, pipe bomb components, and locks with their components.  

VisionX working distance ranges from 95mm (3.7 inches) to 233mm (9.2 inches) and is 
the largest in the industry. This distance not only accommodates the larger pieces but 
allows for greater flexibility in positioning the evidence for optimal lighting and viewing 
of toolmarks. This ability to mount and view larger pieces of evidence, removes the 
necessity of preparing toolmark casts, and is a significant time saver for examiners. 

Stage movement and manipulation 
Motorized stage movement 
Microscope stages should be easy to manipulate on multiple axes, either separately or 
locked for synchronized movement. Once toolmarks have been phased in a matching 
position they must be able to be moved along the X/Y axes to view areas of the toolmark 
that are outside the current field of view while maintaining that phased position. Locking, 
motorized stages and synchronized movement are especially valuable in this regard. 

VisionX stages are motorized with X/Y movement of 50 mm (2 inches) and a height 
adjustment of up to 146 mm (5.8 inches). Movement of the stages can be synchronized 
or separate.  

Centralized controls for precision and ease-of-use 
Centralized placement of controls is imperative for proper ergonomic design. With the 
examiner seated comfortably, all stage movements, focus controls and viewing modes 
should be within easy reach without strain, and ideally everything should be accessible 
without even removing one’s eyes from the binocular.  

All movements should be precise and positions should be reproducible, with the option 
to have both exhibits movements synchronized. 

The ergonomically-designed VisionX control panel features a wheel and joystick that 
facilitate precise motorized stage movement and allow for comfortable hand, wrist and 
elbow placement during long comparisons. Similar to video game controllers, VisionX 
controls are intuitive and easy to use allowing the examiner to remain focused on the 
images.  

The control panel features user presets for single-touch binocular height adjustment 
specific to each examiner. Joysticks allow for intuitive and user-friendly synchronized 
stage movements with the touch of a thumb. The control panel also provides one touch, 
synchronized magnification changes along with a variety of viewing options allowing for 
full left, full right, transparent overlay and adjustable split image viewing with a smooth 
scrolling dividing line for sliding across parallel regions of interest. To minimize strenuous 
hand movement and increase examiner’s comfort, separate and well-located adjustment 
wheels for coarse, fine and super-fine focus are included. 
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Easy swapping of accessories saves time 
Examining multiple types of evidence necessitates the ability to quickly and easily position 
different types of items. Cartridge cases require brush holders and iris clamps, pristine 
bullets mount with rubber holders, fragments require plasticine or wax, and other 
toolmarks can be found on virtually anything from locks to pipes to pieces of wire that 
require grip holders or tilting plates. The microscope must be able to accommodate a 
multitude of accessories and the examiner must be able to switch them easily and quickly, 
from large shot shells to tiny bullet fragments. 

Customized stage adapters provide quick and easy swapping of accessories to 
accommodate exhibits of almost any size and position. The VisionX is equipped with 
varied sizes of brush holders for cartridge cases, iris clamps, grip holders, bullet holders, 
plasticine mounts of varied sizes, tool stages that rotate and tilt, plates for larger items 
and even document examination accessories. 
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Lighting 
Examiners look at a series of highlights and shadows to discern a pattern of microscopic 
toolmarks on the surface of two objects. Proper lighting is essential to the examiner’s 
work and to the proper functioning of a comparison microscope. Lighting should be able 
to be flexibly positioned and intensity-adjusted to eliminate unwanted shadows and 
reflections from what can sometimes be very irregular surfaces.  

If the lighting is not adequate, or if the two items have disparate lighting, then even 
toolmarks produced by the same tool can appear different.  

VisionX provides three different lighting options:  

• LED ring lighting,  

• high-power spotlight, and  

• shadow-free, fluorescent-style LED lighting. 

High-power spot lighting and shadow-free, fluorescent style LED lighting are familiar to 
examiners. These traditional lighting modes have been optimized for use with the 
VisionX and are affixed to a series of flexible arms and rods to facilitate consistent 
lighting of irregularly shaped objects.  

VisionX also provides LED ring lighting with full, partial and segmented ring modes for 
fully reproducible lighting of toolmarks.  

The different lighting modes are button-activated. This allows for equal and fully 
reproducible lighting of objects which is key for examination and quality control. When it 
is critical that the lighting of both specimens be as equal as possible in location and 
intensity, LED ring lighting is the best lighting option on the microscope. Using partial 
ringlight segments allows for side lighting which is needed for striations. Full ring lighting 
facilitates visualization of toolmarks in concave areas—such as those created by firing 
pins—without casting shadows and creating hot spots which are often the product of 
spot and fluorescent style lighting. 

Diffusers, polarizers and filters are also available and can be used to customize any of 
the lighting options to the examiner’s preferences and unique applications. 
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Accessories 
Firearm and toolmark examiners encounter a wide variety of exhibits that require a 
variety of manipulation capabilities. For example, rotation on the horizontal axis is 
required for the examination and comparison of bullets. To view marks that are on the 
heads of cartridge cases as well as the sides, the ability to rotate on the vertical as well as 
horizontal axis is required. Larger items, oddly shaped items, and tools require clamps 
that can rotate and pivot so that the area of interest is properly aligned. Should 
examination of casts be necessary, a flat stage is needed upon which to set the cast. 

A range of VisionX accessories is available to help meet these requirements: 

• Universal bullet holder capable of 360-degree bullet rotation of pristine or 
damaged bullets. 

• Assortment of size brush mount cartridge case holders so that cartridge 
cases can be rotated on the vertical or horizontal axis without need to 
remount. 

• Universal iris holder for viewing smaller objects  

• Universal grip clamp for deformed, large or oddly shaped exhibits. 

• Ball-mounted stage with tilt and rotate functionality to securely hold larger 
items and casts. 

• Tool station to keep accessories organized. 

Ergonomics 
Multiple examiners sharing a single comparison microscope in a lab can be a challenge to 
workflow and productivity. Examiners—who may be of significantly different heights—
can find themselves spending time adjusting binocular height and angle, time that could 
be better spent examining evidence. And binoculars that are not angled for optimal 
ergonomic comfort can quickly tire the examiner—or worse—lead to microscope 
avoidance. 

Ergonomic research shows that a consistent (unchanging) head/neck angle is crucial for 
user comfort and user acceptance. For optimal user comfort, reduced fatigue, and more 
time spent doing examinations, the ideal head/neck angle position is between 15 and 40 
degrees. 

Proper elbow, wrist and hand placement on centralized controls should also ensure that 
the examiner is always in a comfortable position and is never straining. 

The VisionX workbench is fully motorized, with a height range adjustment of 
approximately 35 cm (13 inches). A small panel that slides out from under the tabletop 
provides one-touch bench height control. Examiners can also easily save their height 
preferences with automatic presets. The VisionX binoculars are positioned at a 30-
degree viewing angle: studies show this to be the optimum ergonomic angle. Motorized 
presets allow examiners of different heights to swap places and quickly adjust the 
binoculars to the desired height. 
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Microscope protection 
Dust, inadvertent physical jarring of the optics and motors, and other environmental 
factors can significantly degrade the effectiveness of a comparison microscope. 

VisionX is compartmentalized for optimum protection of the optics and the motors 
responsible for rotating the objectives and other valuable components. It also features 
an esthetically-pleasing cover for dust protection.  

Software 
In the early days of firearm and toolmark identification, the ability to simultaneously 
compare two toolmarks within a single field of view was a major technological 
advancement. It allowed for more precise comparisons where critical interspatial 
relationships could not otherwise be reliably assessed from toolmark to toolmark. Side-
by-side comparison within a single field of view of two spatially-separate objects meant 
that examiners no longer had to rely on personal short-term memory or hand-drawn 
sketches.  

Quality imaging also supports the examiner’s credibility in court. The ability to capture 
images that show regions of interest and areas of agreement is essential for reports and 
casework. 

Automatically displaying and saving image metadata including magnification level, date, 
time and filename saves time and adds credibility to images that will be used in court 
proceedings.  

Finally, the microscope should have a variety of operating modes that correspond to 
stages of the examiner’s workflow. These stages include the acquisition, comparison and 
organization of images. 

While quality hardware, optics and lighting rank it among the top contemporary forensic 
microscopes, the VisionX software suite provides even greater functionality. Users have 
access to three software operating modes:  

• Image acquisition mode, 

• Comparison mode, 

• Organizer mode. 

Note: More operating modes are available if the unit is part of an Integrated Ballistic 
Identification System (IBIS®). 
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Image Acquisition 
Acquiring images with regions of interest at varying depths of field, such as firing pin 
impressions in conjunction with breechface marks, can present challenges. So can shiny 
surfaces. All-in-focus, 3D and High Dynamic Range (HDR) imaging are methods that can 
overcome these challenges during the acquisition stage.  

In VisonX EDF mode (Extended Depth of Focus,) the software takes a series of images 
over a specified range of depths. This range can be pre-set (automatic) or set manually. 
This series of images can then be combined into a single all-in-focus image 
(photomicrograph) in which the entire surface and its varying depths are in focus within 
a single photomicrograph, or combined into a 3D image. Microscopic parameters such 
as the x, y, z axes can also be documented for the photomicrograph. 

In VisonX HDR mode, shiny and reflective surfaces can be photographed with a range of 
exposures, with the result being a single combined image with optimal exposure for 
every region.  

Comparisons can be documented through photomicrography using High Dynamic Range 
(HDR) and Extended Depth of Focus (EDF).  

Camera settings can be automated but the software also allows for full manual control.  

Comparison Mode 
There are times when an examiner may want to do a preliminary comparison of live 
images with saved images. For example, an investigator may ask the examiner if the 
toolmarks could be related to toolmarks from another case. This can allow the examiner 
to provide a quality investigative lead before the physical evidence is actually received. 

Examiners often need to be able to take measurements and add annotations, illustrating 
points of interest. The ability to create a canvas with two or more images to show regions 
of interest and where they match is very useful. In cases where it’s difficult to show 
similarities between exhibits, using overlay functions can help better visualize exhibits. 

• VisionX Comparison mode allows for the comparison of live images with 
recorded/saved images. Comparison mode provides the examiner with a 
tremendous amount of flexibility in viewing live and saved images and documenting 
critical points of the examination and comparison on the image itself. 

The examiner can view one or both images in several different ways:  

• Full images in a chopper mode which oscillates between the two images at 
predefined intervals. 

• Transparency mode, adjustable from 0 to 100%.  

• Side-by-side with a vertical, horizontal or customizable polygonal line separating the 
two images.  

• Automatic matching function that allows the examiner to compare images of 
different sizes and alignments by setting points on both images.  

• Fixed-tile or freeform canvas alignment displaying up to 16 images. 

• Measurements and annotations using text or symbols such as arrows, shapes and 
rulers. Organizer Mode 
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Organizer Mode 
Examiners need the ability to easily access saved images and organize case information 
into folders. And to manage the growing number of images and files, the ability to quickly 
and easily share or transfer images and large files to USB or network locations is required. 
Ideally, the microscope workstation itself would facilitate the transfer of files and images 
to other reporting software or even directly create reports. 

Organizer mode allows the examiner to create folders for the storage of image and case 
information. Large image files can also be shared to other applications for reporting 
purposes, or to other network locations or to USB. Reports can also be created directly 
within the VisionX workstation software. 

Saved images are easily accessed for viewing, comparison, documentation and 
distribution. Easily viewed as thumbnails, images can be rotated, renamed and 
organized into subfolders as needed. Various filters can be engaged or disengaged as 
necessary and customized reports can be generated. Organization of the 
photomicrographs is structured and allows for the storage, retrieval and sharing not only 
of the photomicrographs but, the metadata associated with those photomicrographs. 
Reporting templates are tailored to fit the specific processes and established best 
practices within virtually any forensic laboratory or law enforcement agency and are 
customizable. 

Integration with IBIS® 
Integration with Ultra Electronics Forensic Technology’s IBIS streamlines the ballistic 
confirmation workflow. This provides the examiner with the ability to view potential IBIS 
hits directly on their comparison microscope workstation, which is especially helpful in 
aiding examiners locate areas of bullets or cartridge cases that were relied upon to issue 
a link but may not be as apparent when viewed on a microscope. This helps reduce time 
and effort needed to confirm a hit, as examiners can find the starting point and region of 
interest from the IBIS images, and use the microscope to replicate the angle and region. 

VisionX is the only forensic comparison microscope that can connect to IBIS. It provides 
the examiner with access to the same IBIS hit analysis feature set available on the IBIS 
TRAX-HD3D™ MATCHPOINT™ without the need for a separate workstation. IBIS searches 
through hundreds/thousands/millions of exhibits and provides potential matches. 

• During the correlation review, the hit context is saved and IBIS provides 
starting points and visual information that can be very helpful to the 
examiner during the confirmation process. 

• Confirmations must be made by a human expert using a comparison 
microscope. 
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Quality Control 
Calibrated measurements 
Whether it is an accredited lab or not, quality assurance and quality control are key to the 
success of any forensic science laboratory. It is essential that clients have confidence in 
the lab’s work and results. For findings to be admissible in court, and for the lab to 
maintain accreditation, methods and procedures must be traceable back to certified 
standards bodies. 

For firearm and toolmark work, there are several areas in which quality control is of 
critical importance. One such area is toolmark feature measurement for the width of a 
land-engraved area.  

VisionX allows for the precise measurement of length, width, angle, and diameter, each 
of which can be an important class characteristic distinguishing one toolmark from 
another. Not only can VisionX do the measurement, it allows for automatic annotation 
on the saved image for later documentation, reducing the potential for transcription 
errors. 

Measurements can also be calibrated to a certified standards body (NIST for instance) 
using a calibrated scale. 

Peer Review 
Another area of quality assurance and control has to do with verification. The 
determination that two toolmarks share a common source is a subjective determination 
based on an examiner’s training and experience. When comparing toolmarks, a qualified 
examiner observes similarities and differences. If there is sufficient correspondence of 
individual, randomly-acquired marks, then an opinion of common-source determination 
is rendered. Typically, this determination will be verified by another qualified examiner 
performing an independent assessment of the items via the microscope.  

However, in forensic laboratories with only one examiner, this can be very challenging. 
Examiners may have to transfer evidence to another laboratory or call another examiner 
into the laboratory to perform the verification. This can be extremely time inefficient. 
Secure, high speed networking between two microscopes to provide real-time viewing 
and control over another examiner’s workstation can provide extensive cost savings, 
increased credibility and overall more efficiency of operations.  

VisionX allows for remote control by another examiner over a secure network 
connection, a process called Remote Collaboration. The local examiner places the 
samples on the stages while the remote examiner remotely-controls the VisionX unit, 
compares the toolmarks and performs the independent assessment. 

Training  
Time, effort, trainee and instructor travel, and other costs associated with the training of 
firearm and toolmark examiners can be prohibitive.  

Remote capabilities should facilitate long-distance learning and training allowing the 
instructor to be off-site but nevertheless able to provide quality, real-time mentoring of 
the trainee. 

VisionX software is capable of recording video which can then be used for 
documentation as well as training. This is especially useful in imparting the significance 
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of what is being viewed through the microscope. Such context is easier to provide in 
video format than it is in static photographs.  

Remote Collaboration is also an important tool for trainers, as this enables a trainer to 
remotely monitor and coach a trainee by viewing their work on the VisionX live, via 
secure network connection.  

Conclusion 
Starting out simply in the 1920s as a tool to more reliably perform toolmark examinations, 
the comparison microscope has become the primary tool for forensic firearm and 
toolmark examiners. Mechanical and technological advances have since improved the 
quality of the results generated and made it less strenuous to use over long periods of 
time.  

The VisionX microscope has been finely crafted for optical and ergonomic excellence. In 
combination with its software suite, VisionX optimizes the examination process, helps 
improve quality assurance and quality control, and facilitates the training of new 
forensic examiners. VisionX is the most powerful ballistics analysis and confirmation tool 
in the industry. 
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