IowA STATE UNIVERSITY

CENTER FOR STATISTICS AND APPLICATIONS IN FORENSIC
EVIDENCE

Methods and Techniques for
Shoe Sole Data Collection

Principal Investigator:
Dr. Guillermo
BAsuLTO-ELIAS

@csate

April 19, 2019

Author:
James FE. KRUSE




Contents

(1__Introductionl 2
2_Methods| 2
2.1  Mat Scanner. . . . . ... 2
(2.2 High Definition Photography|. . . . . . .. .. ... ... ... 5
2.3 Everspry 2D Shoe Sole Scans| . . . . . . ... ... ... 7
2.4 3D shoe Sole Scandl . . . . ... ... ... 10
2.5 Powder Film Printd . . . . . .. ... ... ... 12
2.6  Paper Powder Prints| . . . . . ... .. ... ... ... ... 16
2.7 Vinyl Prints| . . . . . ... ... ..o 20




1 Introduction

The objective of this document is to list, explain, and provide details on
the collection methods currently being used in the ongoing shoe sole study
being conducted by CSAFE. The following pages will include explanations
and images of each of the 7 collection methods. Also included are examples
and the reasoning behind each method.

This is a component of the large scale and ongoing study that is looking to
develop a statistical model that could be used by forensic criminalists when
identifying shoe prints.

2 Methods

2.1 Mat Scanner

When participants arrived to collect their shoes for the first time, they were
asked to step on a Mat scanner. This scanner is a product of Tekscan and
allows us to collect a sample of both the way each participant steps and the
points of the foot where the most pressure is placed.

The area in which the scanner is located has spike tape marking the exact
location of the device and a path leading both toward it and away. This is to
limit the variability in approach and also to make communicating directions
to the participants easier.

Participants themselves walk 6 times across the mat per foot. Half of
these are wearing nothing but a thin disposable sock on the foot and the
other half are wearing their shoe, or a new shoe of the same type. Each scan
is then saved as a video, 2 different CSV files, and as a jpg image.



Figure 1: Mat Scanner

Figure 2: Foot jpg



Figure 3: Adidas jpg



2.2 High Definition Photography

The first method of data collection to be used at each delivery is high defini-
tion photography. A Cannon camera is set up on a tripod. Below the lens,
the shoe is set into a box that keeps it stable. Next to the shoe, a ruler on a
stand is set up for scale. The tag from the bag is set next to it so that the
date and shoe number can be seen in the final image.

The camera is hooked up to a laptop so that at no time does the research
technician need to touch the camera itself. Two images are captured and
saved for each shoe.

These photos are being taken as both a reference to what the shoe looks
like when new or when coming in for a periodic collection and for their
possible assistance with the end goal.

Figure 4: Full camera set up



Figure 6: Adidas



2.3 Everspry 2D Shoe Sole Scans

The second method of data collection being utilized during this study is 2D
digital scanning. An Everspry 2D scanner is hooked up to a computer that
has had the software for the device downloaded. The subject then puts on
the shoe to be scanned and walks across the scanner.

For the purposes of this study, two walking methods are being used when
taking scans. For each shoe, the first two prints are detailed scans. The
subject points their toe towards the ceiling and places their heel on the
scanner. Carefully, they then step down and shift their foot within the shoe.
The goal of this method is to get a clear scan with as much detail as possible.

The second method involved is the taking of a walking print. The subject
walks up to the scanner and then steps onto the scanner. Immediately after,
they step off as if walking down a road. These four images are then saved as
STL files.

This method provides researchers with a clean and easy to work with
digital image of the shoe sole.

Figure 7: 2D Scanner



Figure 8: Stepping on the Scanner
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Figure 9: Sample 2D Scan



2.4 3D shoe Sole Scans

The third method of data collection being utilized for this study is 3D shoe
sole scanning. The devise used is an EinScan-Pro+ hand held 3D scanner
that connects directly to a computer. Once the software is installed, it allows
technicians to take high quality scans of shoe soles.

The shoe is placed on a stand which orients the sole toward the technician.
The scanner is then turned on and slowly moved back and forth across the
shoe. The image can be seen coming together on the computer screen. After
a rough image has been compiled, the technician should adjust the brightness
of the scan. This allows the image to gain more detail.

This method, like the 2D scanner, provides researchers with a manageable
and clean digital 3D replicate of the shoe sole. These are easy to work with
and provide more detail then can be seen in other scans.

Figure 10: 3D Scanner
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Figure 12: Sample 3D Scan
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2.5 Powder Film Prints

The fourth method being utilized for this study is film powder prints. This
method involves using clear sticky films to take powder prints of the shoe
soles. Two different types of film prints are taken, but the shoes must only
be brushed once per set.

The shoe soles are brushed with silver finger print powder using a brush
also meant for finger printing. Compressed air, held roughly 7 inches away,
is then passed over the shoe soles in order to get rid of any excess dust. The
shoe is then set aside and the other shoe in the pair can then be powdered.

On the ground, newspaper is laid out and a chair is pulled up next to it.
While the subject puts on one of the shoes, without touching the sole, the
technician removes the clear film from its back. The film is placed on the
newspaper in front of the subject. Guiding the subjects shoe down onto the
film, the subjects place their heel on the film with their toe pointing towards
the ceiling. They then roll their foot into a flat standing position and step
up so that all of their weight is on the film. Weight is shifted in the shoe in
order to capture all detail possible.

While the technician is holding the back corners (by the heel) of the film,
carefully the subject steps off of the film. Peeling the foot forward until only
the tip of the toe is making contact with the adhesive. At this point, they
step straight off, but do not place the powdered shoe on the ground. The
back is then carefully replaced on the film and a label is placed on the back.

For the second print, place the clear portion, sticky side facing up, on the
news paper near the subject. Guide the subjects shoe down onto the paper.
The subject should place their heel on the film with their toe pointing towards
the ceiling. They will then roll their foot into a flat standing position and
step up so that all of their weight is on the film. They will then lift their
foot, with the film attached, so that the sole is facing the technician. At
this point, the technician will manually press all portions of the film into the
shoe, making sure to get all grooves and indents if possible. After the film
has been thoroughly pressed in, the technician will remove the film. The
subject is now free to walk on the shoe.

These prints have the ability to take on smaller details then the digital
prints.
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Figure 13: Taking a film print

Figure 14: Taking a detail film print
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Figure 15: Film Print
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Figure 16: Detail Film Print
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2.6 Paper Powder Prints

The fifth method being utilized for this study is paper-powder printing. This
method involves using 4 legal size pieces of printer paper to collect shoe prints
that have been made with black powder. Each shoe will generate 5 prints,
but the shoes must only be brushed once per set.

The shoe soles are brushed with black finger print powder using a brush
also meant for finger printing. Compressed air, held roughly 7 inches away,
is then passed over the shoe soles in order to get rid of any excess dust. The
shoe is then set aside and the other shoe in the pair can then be powdered.

A trail of 4 pieces of paper are laid end to end in front of the subject,
who is sitting on a chair. The subject must put on a powdered shoe without
touching the sole. The technician then guides the subjects shoe down onto
the paper. The subject should place their heel on the lower portion of the
paper with their toe pointing towards the ceiling. They will then roll their
foot into a flat standing position and step up so that all of their weight is
concentrated at one point. The subject will shift their weight in the shoe in
order to capture all detail possible.

At this point, the subject will step straight off, but not place the powdered
shoe on the ground. On the second paper, they position the foot in the same
way, but take a step as if walking normally. Again, they do not place the
powdered shoe on the ground. On the third paper, the subject stamps their
foot straight down. At this point, they step straight off, but do not place
the powdered shoe on the ground. On the fourth paper, the subject steps
and slightly twists to smudge the print. Then step straight off, but do not
place the powdered shoe on the ground Lastly, the subject walks across the
vinyl flooring that way laid at the end in the same way that they did for the
second sheet of paper.

The completed prints are then labeled and laminated in order to protect
the print. The vinyl flooring pieces are labeled and set aside for later use.

These prints do not come out perfect. They are meant to simulate prints
that would be found at a crime scene.
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Figure 17: Paper print set up
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Figure 18: Taking paper print 3
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Figure 19: Paper print 1
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Figure 21:

Paper print 3
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Figure 22: Paper print 4

2.7 Vinyl Prints

The sixth and final method being utilized for this study is vinyl flooring
prints. These pints were taken during the paper-print procedure, but are pre-
possessed at a different time.

In the marked off area, the technician will position the flooring and the
lights on the pre-laid spike tape. A ruler will be positioned next to the vinyl
for scale. They will then turn off the light, computer monitors, and shut the
door. This will make sure that light does not effect the photos.

Standing overhead of the print, the technician will take a photo straight
down as if at a crime scene. The camera should be zoomed in on the full
print even if the toe or heel is not completely visible. The lights should be
positioned as they are in the example images (do not use the flash. (Note:
the label written in dry erase marker must be visible in the photo.)

For the second rep., the tech will alter the name written in marker to
account for the second image making sure not to damage the print. They
will take a second photo using the same procedure as above.

Once all photos have been taken, the vinyls are completely cleaned and
allowed to dry. The images themselves are meant to simulate a print that
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was obtained from a household floor.

Figure 23: Vinyl Set Up
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Figure 24: Vinyl prints being taken
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Figure 25: Vinyl prints being taken
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