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1.0 Introduction

DigTrace is an integrated software solution for the
capture and analysis of 3D data whether in a forensic
context (footwear evidence) or in the study of
vertebrate tracks and footprints. It caters for
everything from the study of dinosaur footprints to
the analysis of footwear evidence at a crime scene.

Deweloped from a decade of research at Bournemouth
University on fossil footprints, the freeware provides a
bespoke solution to the analysis of such evidence. The
project was funded by a Natural Environment Research
Council (NERC) Innovation Grant (NE/M021459/1) with
project partners from the UK’s National Crime Agency,
Home Office Centre for Applied Science and Technology
and Liverpool John Moores University.

Three workbenches — create, measure and compare —
allow you to create 3D models via photogrammetry,
visualise those models and make a range of
measurements, before computing mean tracks and/or
comparing directly individual tracks or track populations

(Fig. 1).

There are two versions of the freeware currently available
an academic wersion (DigTrace Academic) that is aimed
at the study of vertebrate tracks and a version designed
specifically for forensic use (DigTrace Pro). Currently
both wersions hawe the same functionality and one
manual senes both.
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Figure 1: Generalised workflow for DigTrace showing the

three workbenches and the relationship of one to the

other
| Term | Definition |
Track A single footprint or partial impression made by a foot, hand or other object of interest.
Trackway A series of tracks made by the same individual.

Track-maker
Tracked surface
Track cast
Displacement rim
Track ejecta
Track topology
Orthogonal plane

Point cloud
Colour ramp

The individual that made the track.

The surface on which the track-maker(s) walked and mowed. This may contain the
traces of one or more individual and the temporal sequence maybe apparent from the
cross-cutting pattern of tracks.

A mould of a track formed by infilling of a track with plaster or some other material
forming a negative replica.

A marginal rim around a track formed by the displacement of sediment, sometimes
referred to as a ‘push-up’ structure.

Material ejected by the removal of the track-maker’s foot from a track; material may
be thrown either in a proximal (rear) or distal (forward) direction.

The geometrical properties and spatial relations of a deformed surface, in this case
deformed by the track-maker (i.e. the surface morphology of a track).

The plane at right angles to the track or tracked surface (i.e., viewed vertically from
abowe).

A mass of points each with a three dimensional coordinate (i.e., x, y and z values).
The gradation of colours used to differentiate low from high areas.

Table 1: Common definitions used in this manual.

DigTracePro 3



2.0 Applications to Forensic Footwear

Footwear impressions provide an important source of
evidence within a range of criminal investigations. For
example, they may place a suspect’s footwear at a crime
scene or link multiple crime scenes with the same
footwear marks. As set out in the UK’s police footwear
guidance there is a role both as evidence and in the
gathering of criminal intelligence (Fig. 1; Appendix I).

The distinction is made here between cases where
footwear has tracked fluid of some description (e.g., mud,
blood etc.) around a scene leaving two-dimensional
traces and three-dimensional traces left in a soft
compliant substrate (e.g. grass verge, flowerbed,
footpath etc.). Despite rapid advances in other areas of
forensic science the technology used to capture and
analyse three-dimensional traces has not changed in
recent years and they are usually cast in plaster,
photographed and compared \isually. Three-
dimensional imaging now offers a superior approach and
DigTrace is bespoke software for this task.
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Figure 1: Process map for dealing with footwear evidence
in the UK based on National Policing Improvement
Agency guidelines 2007. See Appendix | for detailed
description of each stage

There are simply two requirements to the deployment of
DigTrace: (1) that a crime scene officer takes an
additional series of digital photographs of a footmark or
target area of interest: and (2) that a police force or user
has a PC able to run DigTrace (see Section 3.0). Figure
2 shows a modified guidance chart with the contributions
of DigTrace identified at the appropriate stage. This is
dewveloped more fully in Appendix .
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Figure 2: Process map for dealing with footwear evidence
in the UK based on National Policing Improvement
Agency guidelines 2007 modified to include the use of
DigTrace. See Appendix Il for detailed description of
each stage.

DigTrace allows the forensic user to:

e Create a 3D model of a footwear mark from oblique
digital photographs taken with a conwentional digital
camera.

o Models may be of specific exhibits of interest or of
larger areas to help contextualise multiple traces.

e Models can also be made of the soles of a suspect’s
shoe for comparison purposes.
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e |t allows you to visualise a 3D model in different ways
and to output views as image files for use in reports.

o |t allows the investigating office to study the cross-
cutting relationship of one track to the next in order to
support a reconstruction of events or actions.

e |t allows the inwestigating officer to make accurate
measurements from a 3D trace.

e It allows multiple traces to be registered with each
other and compared so that difference can be noted.

o |t allows a 3D model of a suspect’'s shoe to be
compared to a trace.

e |t allows an awerage trace to be created from multiple
examples, for example from multiple tracks in a
trackway along a path.

e It allows the inwestigating officer to return to the
evidence (effectively the crime scene) repeatedly as a
case ewolves.

Not all footwear evidence demands or will benefit from
taking a 3D approach. We hawe already identified the
distinction between 2D and 3D traces. Figure 3 provides
a simple decision tree to help a crime scene officer
decide whether to adopt a 3D approach and to how to
focus their recording strategy accordingly.

This evaluation starts with assessing the advantages and
disadvantage of the approach. The first key issue is
whether the traces hawe enough 3D relief to register in a
model. It is worth nothing however that sometimes a 2D
trace can be draped owver a 3D surface and therefore
creating a model can still be of value in reporting the 2D
trace. Typically, howewver, we are looking relief greater
than 0.25 mm.

The second question is whether the photogrammetry
process will work effectively. Digital photogrammetry is
based on pixel recognition across a range of pictures. If
the surface tone/colour is very uniform the process can
sometimes fail. Owerhanging vegetation immediately
above a track can cause problems in processing file by
introducing floating points above the surface. It is best
where possible to gently hold such vegetation out of the
way. Ponded water in a track or lots of reflection from
damp soil in bright sunlight can also pose a challenge.
These are the types of factor that need to be considered
(Fig. 3). It is also important to note that a 3D model can
be made in the lab from a cast or of a suspects shoe
sole; simply upturn the shoe and mount it on a cobbler’s
last.

Figure 3 also reviews the different things that a 3D
approach can be used for. For example, one can target
a specific track in which the model is framed by this track
or the fragment of particular interest. Alternatively the
purpose of the model may be to capture the relationship
of one or more tracks more generally. In this case the
areas covered may be larger and the resolution of each

track less but the gain in terms of site context and in
determining the relationship of one track to the next may
be considerable.

I th trace(s) 30 0r 207 > )
[Relief >0.2 o gl

r

Consisder potential Issues:

« Do the tracks have pooled water? »

- 15 there akot of reflection from a
damps surface? \_ L No

« Does the surface have a uniform o 5 X,
colour?

- Is there overhanging vegetation at
a low level that can not be held <
back?

3
H
"
o
g
]
L]
a
P]
°
2
Q
Qo
<
]
2
~
w
=]
"
1
3
=
8
~
S

Co isd ial adh
-lsita complu site with multiple
cross-cut tracks?

- Are there qualsty tracks?

- Multiple scenes 10 be compared?

- Suspects shoe avallable?

» Complex crime in which evidence
may need to be evaluated multiple
times?

« Chance to link multiple crimes?

S —
Issues > Advantages |[>
- )

[ Use conventional approach ]

|: Advantages > Issues ]

Vv
ORIV
| 30 modet J 30 Model |
= Suspect's shoe
- 'I
28
:’;""_"".: % ¥ 24
= '.' . e 7=
Ve p
30 Model -k ~h
Partial track
3D Models of
B7 ,{i sad  Multiphe tracks
= 'Ja/ 7
rd; L7 4 ’
\“{ H . "{i
27 S
Fo
{, 30 Models
{ One track-maker 1 - General model of scene
9 fic
il i
Y [ % b é =Xc - x
&al A B\ e
A L & - Ex87 - Specific target b >b
B0 8 b

Figure 3: Decision tree for deciding whether a 3D model

can be made and is worth the extra effort. The bottom

panel shows four basic types of analysis from the large

multiple track scenes on the right to the partial fragment
on the right.

If in doubt it is worth collecting the additional images for
3D modelling. It can be done quickly (see Section 5.0)
and if the data is not used nothing is actually lost. We
always recommend that good quality vertical images are
taken as per standard collecting procedures as well as
the additional oblique images.
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3.0 Installation and Licensing

DigTrace was dewloped in Python and has been
packaged into a Windows executable file, together with
required 3 party libraries.

The current release

smoothly:

requires the following to run

e OS: Windows 7 64-bit or newer

¢ RAM: 8GB (minimum), 16GB (recommended)

e CPU: Dual-core (minimum), Quad-core
(recommended)

e HDD: 1GB of free space to install the software +
1GB of free space per each 3D model

To install the software, follow these instructions:

Step One: Select the appropriate version and download
to your computer or external hard drive.

Step Two: Decompress the zipped folder and look for the

DigTrace icon it should have an ‘exe’ file

extension. Double click on this file and the
programme should load.

Step Three: Pin the icon to your toolbar or create a
desktop shortcut.

DigTrace should load irrespective of the operating
system you are running. Howewer it does require Visual
C Runtime Environment (VCRE) and the default may
vary with the operating system you have installed. If you
experience problems running the software then make
sure that the 64-bit version (wredist_x64.exe) of VCRE
2008 as well as 64-bit wersion (wcredist_x64.exe) of
VCRE 2015 are installed. You can download the files by
following the links below:

VCRE 2008: https://www.microsoft.com/en-
gb/download/details.aspx?id=15336

VCRE 2015: https://www.microsoft.com/en-
gb/download/details.aspx?id=48145

If you have problems with installation please contact us
directly. We are also keen to hear from users both with
feedback and suggestions for future functionality and
dewelopment.

Professor Matthew Bennett, Bournemouth University,
[mbennett@bournemouth. ac.uk],

Dr Marcin Budka, Bournemouth University,
[mbudka@bournemouth.ac.uk]

Licensing, credits and note to developers

The software is distributed as freeware and the source
code will be available at https://github.com/ soon. We ask
potential developers to contact us directly so that we can
include additional functionality in future updates.

Please read the licensing details (www.digtrace.co.uk)
available on the website and in Appendix Ill and the user
is deemed to accept the terms and conditions of this
licence by either downloading and/or using a copy of the
software.

The software should be acknowledged as follows:

Budka, M. Bakirov, R., Deng, S., Falkingham, P.,
Reynolds, S.C., Bennett, M.R. (2016). DigTrace Pro
[Computer  Software]. Bournemouth  University.
Version 1.0.

We also openly acknowledge use of the following open
source libraries:

(1) OpenMVG (http://openmwvg.readthedocs.io/); and (2)
PMVS/CMVS for dense cloud generation
(http://www.di.ens.fr/cmvs/).

Monasse, P., Marlet, R. (2012). Adaptive structure
from motion with a contrario model estimation
[Incremental SfM, Computer Software]. In ACCV,
2012.

Moulon, P., Monasse, P., Marlet, R. (2013). Global
Fusion of Relative Motions for Robust, Accurate and
Scalable Structure from Motion. [Global SfM,
Computer Software]. In ICCV, 2013.

Furukawa, Y., Ponce, P. (2010). Accurate, dense, and
robust multi-view stereopsis. IEEE Trans. on Pattern
Analysis and Machine Intelligence, 32(8):1362-1376,
2010


https://www.microsoft.com/en-gb/download/details.aspx?id=15336
https://www.microsoft.com/en-gb/download/details.aspx?id=15336
https://www.microsoft.com/en-gb/download/details.aspx?id=48145
https://www.microsoft.com/en-gb/download/details.aspx?id=48145
https://github.com/
http://www.digtrace.co.uk/
http://openmvg.readthedocs.io/

4.0 Create Workbench

In the Create Workbench you can produce 3D models
from a series of obligue digital photographs using
photogrammetry.  The generic workflow is shown in
Figure 3. This process inwlves the recognition of pixels
in different photographs and the computation of their
location in three dimensional space. A minimum relief of
between 0.5 and 1 mm is typically required. The
software can cope with data ower various length-scales
from submillimetre to seweral metres. The process
creates a point cloud in which each point has x and y
coordinates with a z value equivalent to elevation relative
to an arbitrary datum. The model created is unscaled
and must be scaled before any measurements or
comparisons can be made, therefore the inclusion of a
scale alongside the subject is essential.

This part of the software is based on the open source
code called openMVG one of the Ileading
photogrammetry solutions. More details if required can
be found at: http://openmwg.readthedocs.io/en/latest. The
user interface here is howewver specific to DigTrace.

Figure 3: Generic workflow within the Create Workbench
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We recommend that the user needs to pay particular
attention to file naming and the systematic collection of
data (Fig. 4; see Section 7.0). Typical field steps are as
follows.

Step One: Evaluation and planning. Review the data
present and decide on which tracks (or marks) need
to be recorded. Ensure the owerall scene is well
documented via notes and photographs. You can
make 3D models at various scales. For example, you
might decide to create a single model (or series of
models) of a section(s) of trampled ground capturing
several individual tracks and trackways. This could be
an area of up to seweral metres in length and width
(Fig. 4). The model created, however, will show the
relationship of one track to the next, but will not
necessarily hawe sufficient resolution to explore the
detail in each track. You may wish therefore to make
additional detailed models of specific tracks. The
order in which you take the photographs may often be
determined by your ability to record it without
destroying the evidence, for example by your own
feet. Recording a large area first and then focusing in
on individual tracks is the normal sequence of ewvents
and some initial planning can really help get the
sequence correct.

Step Two: Taking the photographs. Your aim is to
take approximately 20 photographs of the area of
interest from different angles.  Start by mentally
defining the extent of the required model; the area of
interest should ideally be at the centre of this model.
You may wish to restrain over hanging leaves or
branches. Place a scale of on the ground close to the
focal object. This scale should ideally be flat and
have the measurements to the absolute edge,
however any form of ruler will work. Now take four to
five owveniew photographs of the area of interest.
Each of these should be from a distance such that the
whole area of interest is within the frame, but taken
from different angles. Ideally, this will be one top-
down image and one from each side at ~45° as
shown in Figure 5A. Having taken the owveniew
pictures you now need to take some closer
photographs (~15 to 20) to capture the detail. If there
are no significant overhanging areas in the footprint,
these photos can be taken perpendicular to the
ground, in an owerlapping series forming a grid. Start
at one corner, with the footprint barely in frame, and
work sequentially along the length of the footprint. At
least three rows will be required, such that
photographs in the centre row have the footprint’s
width fill the image. Side rows owerlap with the central


http://openmvg.readthedocs.io/en/latest

row. Each image needs to owerlap with the image
before and after by ~2/3 as shown in Figure 5B. In A
this way you will end up with a total of between 20 and
30 photographs for each model. Less will work, but
could reduce quality of final data. More will work, and
potentially capture more detail in the model, but will
significantly  increase processing time. Each
photograph needs to owerlap by about 2/3 with 2 other
photos (see abowe). As a rule of thumb, the aim is to
take photographs with enough owerlap that a human
can quickly and easily identify how they relate to each
other without seeing the object themselves. Include
additional area around the area of interest, as quality
will be reduced at the edges of the modelled area.
Footprints with water pooling in the base may prove
problematic as reflections may change with point of
view and cause failure when generating a model.

Owerhanging areas may need photographs taken from B
low angles. Take photos according to the abowve
instructions, and then supplement these with
additional photographs taken at a low angle. Repeat
the exercise for each model you wish to build.

| M el 12,08 200811 TA

" ~

| EN| (2 | |

— S - Figure 5: Sequence of oblique photographs required to
produce a three dimensional model. [Images courtesy of
Peter Falkingham].
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Figure 4: The importance of organising your notes and
photographs ready for use within DigTrace.
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Step Three: Organise the photographs. When you
return from the field you need to download the
photographs and organise them carefully. Place the
photographs for each model in a separate directory
and use logical and consistent file names for the
directories. It is good practice to include the date and
location details in the directory name. There is no
need to re-name the photographs themselves. Don’t
place or leave any additional photographs in these
folder, for example general shots of the scene; only
include those needed to build the model. Remowe
any other none-photograph files and store them
separately at this stage. Figure 4 tries to illustrate the
directory set up and this subject is discussed further in
Section 7.0.

Step Four: Create models. Now open DigTrace and
select the Create Workbench. Toggling the Open

Folder icon Dbrings up a directory window. Use
this to navigate to the directory with the photographs
for the first model you wish to build. Select the
directory and it will appear in the table on the left hand
side of the Create Window.

'-‘d DigTrace
e
al |

Create  Measwre | Compare

@ .. |ccoasn - B8 @ &S /[)

Folders Generat Wy S2e Downse
RZ Tl
Figure 6: Table embedded in the Create Workbench.

If you select the wrong folder of wish to remowe it,
hover the mouse about it and right click and it will be
removed. If you click the folder name in the first
column of the table thumbnails of the images in this
folder will appear in the middle panel. If you double-
click on the chosen photo in the middle panel, the
photo will appear in the third panel. At this stage it is
worth checking again that only the photographs
relevant to the model you are building appear. If there
are unwanted photographs then they need to be
removed — do this in the file management software on
your PC and then reload the folder into DigTrace. The
software looks at every photograph in the folder and
tries to match the pixels and the model will fail if there
is an irrelevant photograph. Care at this stage can
sawe time later. The software requires information on
the camera sensor size and contains a database with
information for most modern cameras. If there is no
information recorded the Sensor Size column will be
blank. If this is so the user can click the third column

and enter the data manually this will be stored for
future retrieval. Information on camera sensor sizes
can be found in your camera manual or on line in one
of the camera databases (e.g., www.digicamdb.com/).
You are now ready to create your first model, do so by

clicking on the create model button"T‘A. The
generation of model will start. After 10 steps are
completed, the location of the created model will
appear in the second column of the table. To view the
model, you hawe to click on the folder location in the
generated column. The model will appear in the right
panel.

,.a DigTrace
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If a model fails to build, then there are a number of
possible explanations. The most likely is that there is
a rogue photograph in the directory so that is the best
place to start. If this is not the case then it is probably
a reflection of the number of photographs or the size
on the individual images. You may like to remove a
few of the images, if for example you have more than
25. In our tests the software was able to process a
batch of ~20 photographs, 20Mpix each on a machine
with 8GB of RAM. Alternatively you can press the final
column of the table which downsizes the photographs
automatically  reducing their resolution. When
downsize is applied “Yes” will appear in the last
column of the table. This does not hawe an
appreciable impact on the quality of the model
produced for most purposes but may be an issue
when producing very high resolution models of a small
section of a track for example. It is now possible to
edit and scale this model. Note that a sub-directory
and a text log file have now been added to directory
with your photographs. The sub-directory is called
‘Outputs’ and you will find a file with the name output
and ply file extension. The text file is simply a
processing log which can help an experienced
deweloper work out why a model fails should it do so.

You will notice that there is a dropdown menu from
which you can chose Sequential or Global SfM. We
recommend that as default you use Global unless a
model repeatedly fails in which case you may wish to
try Sequential SfM. Sequential SfM is also called
Incremental SfM in some documentation and is a
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Step Five: Edit and save models in Create.

growing reconstruction process. It starts from an initial
two-view reconstruction (the seed) that is iteratively
extended by adding new views and 3D points, using
pose estimation and triangulation. Due to the
incremental nature of the process, successive steps of
non-linear refinement, like Bundle Adjustment (BA)
and Lewenberg-Marquardt steps, are performed to
minimize the accumulated error (drift). The Global
SfM uses a global calibration approach based on the
fusion of relative motions between image pairs. It
distributes residual errors evenly, instead of treating
the \views incrementally that the external calibration
can be subject to drift. Further details if required can
be found at:

http://openmwy.readthedocs.io/en/latest/software/Sfi/
GlobalStM/.

Before creating a model you may wish to load other
photo directories into the table in the Create Window.
In this way you can stack and organise a programme
of work. By holding down “CONTROL” on the
keyboard you can highlight each folder before clicking
OK. The software is designed to run up to four models
simultaneously one on each core of your PC,
assuming you have four cores. If you have less than
four cores then correspondingly fewer models will run
simultaneously. You hawe to complete the required
details (e.g. sensor size) in each folder you have
loaded. Then highlight all of them to generate models.
A single model can take anything from 5 to 10 minutes
to run depending on the number of photographs, their
quality and the speed of your PC. You will notice that
steps 2nd and 10th take the longest during model
generation. The idea of stacking multiple models is
that you can set the computer running and then work
on something else or take a tea break while it works.
The disadvantage is off course that if a model fails or
something goes awry with your PC you can return
later to find that no models have been completed. We
advise you to gain confidence in running one model at
a time before stacking multiple builds and not to do so
if your PC has limited memory.

When loading folders to the list, it will load previously
generated ply file paths at the second column. By
default, the ‘Generate’ button will trigger generation
process for the folders that don’t have ply files listed.
Howewer, the user can select folders that need to be
generated by clicking with “CONTROL” key pressed
or box selection by mouse click and drag.

With a
model open in the Create Window you can now edit it.
The first task is to learn how to nawvigate within this
window. The toolbar looks like this:

Comracts screan distontion
nsers 30 axes
=l screen Saves screen shot
Crientates the view |

!

¥ o— )

LD E.L X BAe

Figure 7: Toolbar associated with 3D model view in
the Create Workbench. The icon with the two parallel
boxes toggles parallel projection on/off. Parallel
projection has lines of projection that are parallel both
in reality and in the projection plane. Parallel
projection corresponds to a perspective projection
with an infinite focal length.

By holding the left mouse button down and dragging
over the model window you will rotate the view point in
the direction mowved. Holding down “SHIFT” when
doing this will pan the scene; you can also do this by
depressing the middle button — wheel — of your mouse
if you have one. You can mowve the model sideways
by the same action. Holding down “CONTROL” will
rotate around the camera’s axis (roll). Holding down
“SHIFT” and “CONTROL” and dragging up will zoom
in and dragging down will zoom out. You can do this
also with the right button of the mouse. You can also
zoom in by using the = or + keys and zoom out by
using the — key. Using the left, right, up arrows lets
you rotate the viewpoint in the specified direction.
When “SHIFT” modifier is also held down the camera
is panned. This window is based on the Mayav
library and further details can be found at:
http://docs.enthought.com/mayavi/mayavi/application.
html

The first stage is to scale the model so that it has real
dimensions. To do this toggle the scale button on

F[' Mowe the cursor to a known point on your scale
which should be \sible in the model; a left click will
place point. Mowe the cursor to the other end of your
scale and click and again a dialogue box will now
appear into which you should enter the true distance
between the two points in millimetres. The model will
now scale, disappearing and reappearing. You can
check the accuracy of this scaling by using the ruler

fto measure the distance between two placed

points. Placement of scaling points can be enhanced
by learning to enlarge and navigate the model
window.

Having scaled your model, it is a good idea to do
some basic clean up before saving it to the Project
(-.l

Library. You can use the Auto-rotate = function to
correct the orthogonal plane; that is the surface is
viewed vertically from abowve rather than obliquely.
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Figure 8: Auto-rotate function correcting the
orthogonal plane.

It does this by calculating the principle plane through
the point cloud and rotating all points to that plane.
Next it is a good idea to reduce the file size by
deleting unwanted areas. For example, you will note
that the edges of the model are often ragged and the
point cloud because discontinuous. You can neaten
this up by cropping the model. You might also wish to
remove unwanted areas and focus the model on the
key area or track of interest. You can always return to
the original model and it is good practice to export a
screen shot of the uncropped model. To crop toggle

this @ button on and then place the cursor at one
corner of a square around the area of interest. Click
to place a point before moving to the next corner
working in a clockwise or anticlockwise direction.
When you place the fourth point the polygon will
automatically close and crop the model. After placing
the four points, the green lines showing the area of
interest will appear.

It is possible to crop a 3D model in the vertical plane

as well using button I For example, image a
situation in which a model of a suspect’s shoe has
been made. The sole of the shoe is photographed on
a cobbler last or improvised stand. The surface of
interest in the sole of the shoe but the model will pick
up lots of unwanted background such as the surface
on which the last is placed. We need to be able to
remowve this. The 3D crop button allows you to do

this. A dialogue box appears with various sliders
when the 3D crop button is toggled as shown below.

Figure 9: 3D crop function within the Create Workbench.

By moving the sliders you effectively mowe the
dimensions of the bounding box and by pressing save
you can crop the file in 3D. Another scenario in which
this might be helpful is if a model captures some
points associated with over hanging vegetation. This
may appear as a few random/floating points above a
surface of interest. Again these can be remowed by
using this tool.

If you wish to return or undo an action then you can
double click on the original model in the table on the
left and this will restore the model.

It is worth at this stage accessing the accuracy of your
model. A poor model will have lots of ‘holes’ without
any points; a good model will have a good density of
points around the target area. It is good practice to
take screen shot for the record to show this.

When you have completed your edits you are ready to
-_\
savwe the model to the Project Library =¥ The
Project Library is the horizontal panel at the bottom of
the screen. The saving process interpolates a surface
through all the data points and stores the data as an
ASCII file. Interpolation will occur irrespective of the
quality of the model — that is the holes will be filled! It
is important therefore to always keep mind the quality
of the original model prior to interpolation. Once a
model has been sawed to the Project Library it can be
examined in the Measure and Compare workbenches.

Step Six: Project Save Functions. As you work on a

project creating and saving files to the Project Library
you may wish to periodically save the project as a
whole.
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photographs. The import button . can be used to
reload a previously saved project.

If you wish to send the files to a third party for

. B . examination this can be done via the export function

-. This sawes all the files involved in a project and
creates a zip file that can be sent via a file transfer

senice or uploaded to data management system.
Figure 10: Project save functions.

You can do this at any stage and are advised to do so

at regular intenvals. Immediately below the DigTrace A worked case study can be found in section 8.0 Case

icon in the top left of the window are two buttons. The Studies. The data for the case study together with
B premade models can be downloaded from our website.

save button creates a .ftproj file which you should

sawe to a directory of your choice; a good idea is to

create a project folder in the in the directory with the

Wi =
BEW
Crewr Shesssy | Compme

. e - MAam . 20

Torgon Gererer. e peml.  Dowsas

e
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Figure 11: Create Workbench with a model loaded. Note the basic layout with a table on the left, a series of
thumbnails in the centre and the model on the right. The model is a good quality model; note the lack of ‘holes’
around the area of interest. The model has a feathered edge with an increased number of holes but this is well away
from the area of interest and can be cropped and clean easily. Note the ruler for scale. The model has yet to be saved
to the Project Library.
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Lookup Table for Create Tools

.

Sequential S v
Glebal S J

®

Open Files: Allows the user to connect and select folders that contains photographs from which 3D
models are to be created. The photographs for each 3D model to be created should in separate
folders; other images should be removed. Once selected the folder will appear in the table on the
left hand side of the Create-Window. Multiple folders can be selected with the sequential processing
order being determined by the order of listing.

Generate: This will set in motion the creation of one or more 3D models depending on the number
folders loaded to the table. There are ten steps to create each model. Models are run in parallel up
to the number of cores in the PC.

SfM Method: Allows the user to chose between different methods of photogrammetry processing.
See the following link for details: http://openmwg.readthedocs.io/en/latest/software/SfM/GlobalSfM/.

Scaling: Allows the user to accurately scale a model using the scale placed alongside the original
track and included within some of the photographs. Select two points and type in the correct
distance between them using the dialogue box.

Auto-Rotate: This function calculates the principle plane through the point cloud and rotates all
points so that they lie parallel to it. The effect is to ensure that you view a model vertically rather
than from an oblique angle.

Polygon Cropping: Allows the user to place a series of landmarks (placed-points) around an area
of interest within a 3D model and crop to that area. It is useful and advisable to remove unwanted
area around a point of interest (e.g., track) in order to reduce file sizes.

3D Crop: Allows the user to crop a model in 3D and remove unwanted areas either below or above
the surface of interest.

Quick Measure: Allows the user to measure the straight line distance between two points, a useful
tool to check the accuracy of scaling.

Save: Allows the user to save the created model to the Project Library and project folder.

Table 2: Lookup table for create tools.
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5.0 Measure Workbench

In the Measure Workbench you can wisualise and
analysis 3D models either build in the Create Workbench
or imported directly into programme. For example, if you
have data from another source or derived from a 3D
optical scanner you can import it here. The programme
recognises the following file formats: ply, asc, and csv. A
pop-up box appears asking you to confirm the length-
scale of the data and the precision with which you wish to
express it.

M,Open... \ﬁg\*
Q Select settings to open files:
| Precision: Scale: L
] OK ’ 1 Cancel ’
e

Panel

Figure 12: Scaling dialogue box which appears when you
first load a file into Measure or Compare workbenches.

The software makes a suggestion which is usually
correct. There are a couple of reasons why you might
need to alter this, but it is best to accept the default and
only change it if your data does not display correctly.
Typical reasons for incorrect display may be if the model
has not been correctly scaled, or is particularly large for
example when dealing with dinosaur track several metres
in diameter.

You can remowe files from the Project Library by right
clicking on the relevant thumbnail. As you hower owver a
thumbnail the file name and location will appear in the
bottom window border. Once you have imported a series
of files you can use the Project Sawe function to create a
project as described in the last section. A generic or
typical workflow is shown in Figure 14.

To start working on a three-dimensional model drag one
of the pre-loaded thumbnails from the Project Library into
the main window on the right. It will first appear in the
Normal View (Fig. 16) in which most of the tools in the
toolbar are active. Typically tools need to be toggled on
and off after each action. Navigation tools for this view
are to be found in the window specific tool bar:

& D HQ B

Figure 13: Navigation tools within the Normal view in the
Measure Workbench.

=

The home icon returns the user to the full extent, while
the arrows allow you to browse between successive
views. The pan key allows you to mowe the view point,
while the magnifying glass allows one to zoom. Finally
the sawve icon capture a screen shot. There is the option
to export this screen shot not just as a raster image but
as a wector file for use within Adobe lllustrator for
example. This is particularly valuable for the export of
contour maps.

.
— — Tracks can be dragged from the project iorary
9 Infurn to Normal Measwre Window for analysis
| Propect Lteary
o e 72t .
o, Correct the omhogonal plane, sa the plane of he
4 ) track & horizontal below the obsearver
e — J
—
I = }
| Crop the srea by & l’::f:ﬂi;lc 10 réemove nose of |
‘ unwanted areas. J
® LEC) J L
]
=
= B\ Crop the area by a polygon 10 reMOVe Naise or
o) A unwanted surface rakef
< L
(&)
r -
bl Crop the area by a contour 10 remove naisa o
(“,.-, urmanied surface relief
— R
/’ \l Rfmh:- of Invert the track 1o onentale £ 10 he best :
advantage =~
L J O
wl =
2 Quick measure 1o dalemine distance batween S
Bl | amw J oIl 5
g a
= >
3 \ -
8 Pacement of multipe landmarnks and export of
L > Intor-ianamark daia
- ’ .

\ O
Display depth contours

Tha usar can switch 10 e Isomelria visw using the
cube bumon as shown  This provides allernative
dsplay options

.

Image and data expors

,
J
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Figure 14: Generic or typical workflow within the Measure
Workbench.

The user is advised to check that a model is orthogonal
to the wertical plane; that is it is viewed directly from
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above. Reference to the three panels on the left should
provide some guidance on this and the user can use the

~
Auto-Rotate tool E.Ifat any time. As the user crops or
removes areas from a model it is often worth repeating
auto-rotate to ensure the model remains perfectly
orthogonal.

The editing and visualisation tools fall into the following
broad groups:

1. Cropping tools. These allow the user to remowe
unwanted areas or focus on the core feature
within a model. Crop by square, polygon and by
contour (elevation) are possible.

2. Measurement tools. These allow the user to
place landmarks on an image and extract
coordinates for them or make inter-landmark
measurements. A landmark is simple a point
from which a measurement is take from or to. It
is possible to export data from multiple
measurements as a csv file for use within
spreadsheet programmes such as Microsoft
Excel.

3. Visualisation tools. It is possible to change the
colour ramp, view the model as a contour map
and export all of this data as both raster and
vector based images. The best visualisation is
often obtained by switching to the Isometric View
which is described below.

Details on each of these tools are provided at the end of
this section. It is worth noting that you need to sawe
changes to a model after editing it by using the Save As

button . This saves a new version of the model to
the Project Library. If you want to return to an earlier
version of the model then simply switch the older version
into the main screen from the Project Library.

By toggling this iconEi you activate the Isometric View
(Fig. 17). Most tools are deactivated in this view, but it
does provide a superior visualisation tool. The view uses
the Mayav library like that the model window in the
Create Workbench. Note that in isometric view it is not
possible to change the colour ramp. The toolbar is the
same as that in Create (Fig. 7).

By holding the left mouse button down and dragging over
the model window you will rotate the view point in the
direction moved. Holding down “SHIFT’ when doing this
will pan the scene; you can also do this by depressing
the middle button — wheel — of your mouse if you have
one. You can mowe the model sideways by the same
action. Holding down “CONTROL” will rotate around the
camera’s axis (roll). Holding down “SHIFT” and
“‘CONTROL” and dragging up will zoom in and dragging
down will zoom out. You can do this also with the right
button of the mouse. You can also zoom in by using the
= or + keys and zoom out by using the — key. Using the
left, right, up arrows lets you rotate the viewpoint in the
specified direction. When “SHIFT’ modifier is also held
down the camera is panned. This window is based on
the Mayavi library and further details can be found at:
http://docs.enthought.com/mayavi/mayavi/application.htm

I

A worked case study can be found in 8.0 Case Studies
section which illustrates much of the functionality in the
Measure Workbench.
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Figure 16: Screen shot of the Measure Workbench showing a 3D model loaded into the normal view where most of
the editing tools are active (i.e. not greyed out). Note the library of models loaded to the Project Library.
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Figure 17: Screen shot of the Measure Workbench showing a 3D model loaded into the Isometric View. Note the
colour ramp cannot be changed in this view.
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Lookup Table for Measure Tools
Import and Save Tools

L

Import Files: Allows the user to import asc, csv or ply files directly to the project library.

Save As: Allows the user to save a copy of the modified model outside the Project Library.

Navigation Tools — Normal View

Ok AmEFOREERAR

o &

o< &

View Home: This returns the image to its maximum extent after using the pan or zoom functions.
Back: This returns the image to the previous one.
Forward: This mowes the image forward if the user has moved it back.

Pan: Allows the user to mowe the image within the window. Place the cursor owver the part of the
image to be moved and left click and hold while moving.

Zoom: Allows the user to zoom into the image. Use the Back Arrow or the Home toggles to zoom
out or return to an earlier view.

Image Output: Exports the image displayed in the window as an image file. Possible outputs include:
tiff, jpeg, png, swg and eps.

ptimisation Tools — Normal View

Auto-Rotate: Rotates the principal plane of the image so that it is orthogonal to the vertical. It does
this by looking for the principle plane in the point cloud and automatically rotating it to this plane.
Press Save to store the change into the file in the Project Library. Put another way this tool ensures
that the track is viewed ‘ertically from abowe.

Rectangular Crop: Allows the user to define a box by holding-down the left mouse button in one
corner of the desired area and releasing it in the opposite corner. Once defined press Crop to
implement followed by Sawve to store the change in the Project Library file.

Polygon Crop: Allows the user to place a series of landmarks (placed-points) around an area of
interest on the track to define a polygonal cropping area. Once defined press Crop to implement
followed by Save to store the change in the Project Library file.

Contour Crop: Allows the user to select areas vertically by contour and remowve higher elevation
areas. Use the slider at the bottom of the window to define the elevation. Once defined press Crop
to implement followed by Save to store the change in the Project Library file.

Crop: Allows the user to implement one of the above crop functions.

Visualisation Tools — Normal View

3

[
L

?‘

& &

Colour Ramp: Allows the user to change the colour ramp (isopleth colour) with which the elevation (z
values) are rendered.

Inversion: This tool inverts the elevation (z values) such that high areas become low and vica versa.
Press Save to store the change in the Project Library file.

Rotate: This tool rotates the image through 90 degrees. Press Save to store the change in the
Project Library file.

Scale Bar: Inserts a scale bar into the image.

3D to 2D: This tool allow the user to convert a 3D model into a 2D black and white imprint such as
would be obtained if the sole of a shoe was inked and rolled over a piece of white paper. The user
must define by trial and error the elevation range turned black. Place the cursor to the left of the
toggle on the slider at the bottom of the window and click to define the lower elevation. Now mowe the
cursor to the right of the toggle on the slider and click to define the higher elevation. The range is now
set and the use can mowe the toggle backwards and forwards. As they do so a black and white 2D
image of the track will show to varying extents. If the elevation range is to large/small then redefine
the range by clicking to the left and right of the toggle.

Display Contours: This tool creates a display of contours with a grey background. By right clicking
on a particular point sets that point as the zero contour.

Number of Contours: The default contour interval is a 1 mm but this can be changed using the slider
or the forward or back arrows at the bottom of the window. This slider is shown by this icon.

Sets Zero Contour: By toggling this on the user can set a point on a track as the zero contour. All
contours are then measured in equal increments from the zero point. Activate the icon and place the
cursor on the correct point and then depress the left mouse button.

Export Contours: This tool allows the user to export the contours as a vector file.

Visualisation Tools — Isometric View
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Isometric View: This opens the isometric view window, allowing the user to rotate, pan and zoom via
mouse movements. Place the cursor over the track and press and hold the left mouse button. If you
have mouse with a wheel then this can be used to zoom in or out. Notice that the main toolbar is grey
and inactive in this mode.

End-Left View: In Isometric View this automatically rotates the image to show the surface specified
by the icon.

End-Right View: In Isometric View this automatically rotates the image to show the surface specified
by the icon.

Side-Left View: In Isometric View this automatically rotates the image to show the surface specified
by the icon.

Side-Right View: In Isometric View this automatically rotates the image to show the surface
specified by the icon.

Bottom View: In Isometric View this automatically rotates the image to show the surface specified
by the icon.

Top View: In Isometric View this automatically rotates the image to show the surface specified by
the icon.

Insert Axes: This icon inserts axis into the image.

Full Scree Mode: In Isometric View this expands the window to fill the whole screen and is ideal for
demonstrating a track during a presentation or using screen-recording software to create a video.
Press Esc to return to the normal window.

Screen Shot: In Isometric View this saves a screen shot as a tiff or jpeg.

Configure Screen: Does not currently do anything.

Measuring Tools

N

& [

Measure: this tool provides a quick distance measure between to point (direct of sight line). Toggle
on place click the cursor at the first point and mowe to the second and click. The distance appears in
the bottom left corner of the main window.

Place Landmark: When toggled on it allows the user to place multiple landmarks over the surface of
a track. A right mouse click remowes the last landmark. Landmarks are labelled sequentially L1, L2,
L3 and so on. In placing multiple landmarks on successive tracks, for example to take the same
measurements the user needs to be careful to ensure that they place the landmarks in the same order
on each track. This will ensure that landmark identifies are consistent; for example if the user defines
a landmark at the heel of a track first on ewvery track measured then the heel landmark will always be
L1. Howewer if the place landmarks in a different order this may not always be the case.

Export Landmarks: If the user has placed a series of landmarks data on them is exported by
pressing this icon. A window will appear with two matrices, one showing the inter-landmark distance
and another the x, y, z coordinates for each landmark.

Delete All Landmarks: When pressed all the placed landmarks are removed allowing the user to
start again if required.

Table 3: Lookup table for create tools.
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6.0 Compare Workbench

The Compare Workbench allows you to do one of two
main functions, either: (1) compute measures of central
tendency from a sequence of tracks made by the same
track-maker; or (2) compare two or more tracks, these
may be mean tracks created previously or individual
tracks. A typical workflow is shown in Figure 18.

Tracks or 3D models are imported to the Project Library
as described previously or a series tracks edited in
Measure are left in the Library and the user simply
switches to the Compare Workbench. The process of
comparison proceeds as follows. First the user identifies
a track or model as the Master, usually the most
complete track. This model is dragged from the Project
Library to the left hand window in the Compare
Workbench where it will appear. Now take any other
track from the Project Library and mowe it to the right
window; this track will be registered to the Master.
Navigation within each of these windows is similar to the
Normal View in the Measure Workbench (Fig. 13).

To start the registration process activate the Place

Landmark tool and mowe the cursor ower a
prominent point on the left hand (Master) track then left
click with the mouse to place the landmark. Now move
the cursor to the right hand panel and locate the identical
point on the other track; left click on the mouse to place
the matching landmark. The colours of the two
landmarks should match. Proceed in this way matching
points of reference working from the left track to the right
track in each instance. If you make a mistake simple
right click of the mouse to remove the last point and the
whole set of landmarks can be remowved by pressing the

Delete Landmark button . Zooming the window may
help with landmark placement. You can also change the
location of a landmark by howering over it before holding
down the left mouse button and dragging the landmark to
its new location.

After you hawe placed three landmarks a contour map of
the two tracks being registered will appear in the central
panel; the black contours correspond to the Master and
the red to the registered track. You can adjust the
number of contours to suit your needs by using the
relevant buttons on the toolbar. You can also link the
depth and colour scales if required.

The Compare 'Workbench allows you to compare
and contrast diferent tracks and find the
aifferences or similarities

Sackaayt i Two trackways, you want 1o explore the within
J ¢/ frackway vanance and the between trackway
variance, Take sach trackway n tum

P Prepara aach track in 1ha rackway and Save

7 10 the Project Livrary. Using the Compeare
Workbench salect one irack as the

Master track (M) place this in the right window

and regester the other tracks 10 it each in tum

? Once all the tracks are registered, tick them as
2 active in the Project Library and press
%o | |Export Statstics. This creates new fes showing
the range, maan, medan and standard deviabion
9 within the rackway.

You may want to also explore within trackway
variance by companng two or more specific

Typical Workflow

g _&_ 2 tracks. Exporting the contours showing tha
- i - reQisiration & & visual way of showing the maich
) £ 8 You can now repeat the process for the second
A k A § trackway either as a separate projact or within
o 1he first
RS R ¢ ;
YRV
A s
;‘-‘ }3 A Export the statistics as before
Zly =X
You can now compare the two means fmport |
%o Xo them into the Project or start 3 new project.
2 % Register one mean against the other and prass
s 3 Export Statistics. The Range or Standard

nge
Deviation may help fustrate the dference
or simularities.

Figure 18: Typical workflow in the Compare Workbench.

Using the dropdown menu you can select either a rigid or
affine transformation depending on what is most
appropriate. If you are registering ‘within-subject’ tracks
(i.,e. made by the same individual), or are interested in
both the properties of size and shape then select a rigid
transformation. Alternatively if you are registering
‘between-subject’ tracks (i.e. different people) and are
interested only in the properties of shape then an affine
transformation may be more appropriate.

Once you are happy with the owverlap between the two
tracks, for example you have minimised the error score

which is based on the least square difference between
"]

. NG
the landmarks, the user selects the register button h'@
The letter ‘M’ will appear on the Master track in the
Project Library and the letter ‘R’ against the registered
track (Fig. 19). You can also add geometrical landmarks

if you wish. These are landmarks placed in various ways
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between the one you hawe located, for example at the
mid-point between two landmarks. You can export the
comparison contours as an eps or swg file by clicking on

the export contour button in the central panel %

Now clear all the landmarks using the delete landmarks

button .

Now drag a new track into the right hand window to
replace the first and repeat the registration of the new
track to the master. Note that the central contour panel
does not reset until three landmarks have been placed.
Once you hawe registered all the tracks you wish to with
respect to the Master you are ready to compute measure
of central tendency. Any track that shows a tick in the
Project Library will be included in these calculations;
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B
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or make a bespoke selection.

Now press the Export Statistics button D and wait for
the process to complete. New csv files are created as
follows: mean, median, standard deviation, maximum
difference, minimum difference, and range. The mean is
automatically added to the Project Library and you can
import the other measures of central tendency if you wish
using the import button on the main toolbar.

You can run the Export Statistics function with as many
or as few (minimum two) tracks or models as you wish. If
you subsequently wanted to compare two means then
you would open a new Project Library and import and
register the tracks as if they were individual examples. In
this case the range and standard deviation are the most
likely to be of interest

Figure 19: Compare Workbench. The track/model on the left is the Master to which all other tracks are being
compared in this project. Note that they have been all been registered as indicated by the leter ‘R’
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Tools
\[I Import Files: Allows the user to import asc, csvor ply files directly to the project library.

Individual Panels

Back: This returns the image to the previous one.

Forward: This mowves the image forward if the user has mowed it back.

Akl

F 9
-

image to be moved and left click and hold while moving.
out or return to an earlier view.

tiff, jpeg, png, swg and eps.

Fm 0

include swvg and eps.
egistration Tools

pY)

the bottom left corner of the main window.

O X

View Home: This returns the image to its maximum extent after using the pan or zoom functions.

Pan: Allows the user to mowe the image within the window. Place the cursor ower the part of the
Zoom: Allows the user to zoom into the image. Use the Back Arrow or the Home toggles to zoom
Image Output: Exports the image displayed in the window as an image file. Possible outputs include:
Export Comparison Contours: Exports the comparison contours (central panel). Possible outputs
Measure: this tool provides a quick distance measure between to point (direct of sight line). Toggle
on place click the cursor at the first point and mowe to the second and click. The distance appears in

Place Landmark: When toggled on it allows the user to place multiple landmarks over the surface of
a track. A right mouse click removes the last landmark. The order of landmark placement is always

left panel first, then right panel to ensure that the same points are identified for registration on both

images. The colour of the landmarks should match between the two panels.

start again if required.

More Contours: Toggle this button to increase the number of comparison contours.

Less Contours: Toggle this button to decrease the number of comparison contours.

Registered images.

ARSI

i'}@' the registration error (least square error between landmarks) toggle this button to register the image.
A small letter ‘R’ will appear on the relevant track in the Project Library.

EE Select All: When the user has finished registering images to the Master and just before they toggle

S Calculate Statistics you can use this button to select all the images in the Project Library.
Alternatively you can do it manually. All checked images will be used in the calculations.

D Calculate Statistics: When the user is ready to calculate measure of central tendency for a series of
registered images they should toggle this button. Processing may take some time depending on the

Delete All Landmarks: When pressed all the placed landmarks are removed allowing the user to

Geometric Landmarks: To the right of this icon are a series of tick boxes, select as required. These
functions place a series of additional landmarks automatically between the ones placed manually.

Link Colour Ramps: Toggle this button in order to link the two colour ramps on the Master and

Register Image: Once the user has placed registration landmarks to their satisfaction and minimised

number of images inwlved. A series of new files are written to the Project Directory and the Mean is

automatically uploaded to the Project Library

Table 4: Lookup table for create tools.



7.0 QA, Best Practice and Accuracy

If the software is to be used as part of forensic practice
there are some clear guidelines that need to be followed.

Appendix | contains the current National Policing
Improvement Agency guidelines for the analysis of
footwear evidence in the UK. In Appendix Il contains the
author's modified schema which accommodates digital
3D data capture by DigTrace.

We suggest that there are five essential principles to
follow in establishing a foundation for using 3D models in
an investigation whether in an intelligence or evdential
context:

e A third party should be able to reproduce all stages of
an analysis independently from the raw data.

e A detailed file history with processing notes should be
available.

e In creating and processing a three-dimensional model
digital files should be saved at all significant steps,
allonwing a third party to evaluate the impact of each
step.

e That there should be complete transparency at all
times in terms of data limitations and risks to
accuracy.

e All data files should be collated and made available if
required including the raw data.

The key to enacting these principles is knowledge of best
practice, file organisation and good record keeping. We
deal with these issues as follows: (1) record keeping and
the effective digital custody chain; (2) file archiving; and
(3) best practice in terms of accuracy assurace.

Record keeping and digital custody chains

In Appendix IV we provide generic examples of three
record sheets, which can downloaded as a word template
from www.digtrace.co.uk and customised as required.

When you create a 3D model in DigTrace a series sub-
folders (i.e., directories) are added automatically. Some
of these contain temporary files used in generating the
model, while others actually contain the model itself. You
are advised to keep all files and to create some additional
sub-folders in which to sawe your output. Table 5
contains a list of the automatically generated sub-folders
and those we recommend the user creates.

Create generates a 3D model file in a ply format. By
default the file name is the folder name containing the
photographs. This file format is commonly used by other
3D software. If you need to examine the data in another
programme for example, you should locate and extract

this file. For information ply file formats are also known
as Stanford Triangle Format and further detail can be
found at:

http://paulbourke.net/dataformats/ply/
https://en.wikipedia.org/wiki/PLY _(file_format))

DigTrace however uses a simple csvasc format for its
data. When you first save a 3D model in Create a CSV
file of the same name is created. This file is used in all
subsequent stages and we recommend that you save
each significant wersion of this file throughout the
processing journey. You should also record the
processing steps undertaken between each sawved
version using the processing log form or something
similar (Appendix IV; Fig. 20). A good file naming
protocol will help. For example:

2016_06_07_Xhibitl_vl.csv

This file was created on the 7 June 2016 and refers to
Exhibit 1 and is version 1 of that file. If you now process
that file, for example by cropping unwanted areas and re-
sawe it the file name should become:

2016 _06_07_Xhibitl_v2.csv

If you now take a screen shot of that version 2 then the
file name should read:

2016_06_07_Xhibitl_v2_Im1.jpeg

The ‘Im1’ signifying that it is the first screenshot of this
version of the file; subsequently wversions would be Im2
and so on.

All the files are saved and or moved to a new directory
from ‘model’. We suggest you call this something like
Xhibitl_3Doutput. The reason for doing so is that the
‘output’ folder in which the ‘model’ sub-folder lies can be
overwritten by re-running the model generation
command.

If you follow a different file naming convention that is fine,
but it is important to keep track of file versions carefully
and to record processing steps faithfully.


http://www.digtrace.co.uk/
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Figure 20: Example of a completed processing log
completed

You can interrupt a processing session at any point. We
recommend that before doing so that you save your work
as Project. This will allow you to pick-up from where you
left off with all the files in play being uploaded
automatically to the Project Library. To re-cap on project
saving (Fig. 10); immediately below the DigTrace icon in
the top left of the window are two buttons. The sawe

button Dcreates a .ftproj file which you should sawe to
a directory of your choice; a good idea is to create a
project folder in the in the directory with the photographs.

L1
The import button can be used to reload a
previously sawved project. You may wish to sawe a project
on top of one another, or alternatively to use sequential
file names.

Systematic use of projects can also be used to organise
your workflow. Typically a single project would be all the
processing associated with a single exhibit (Fig. 21). If
you keep each of the file versions in the Project Library
all will be re-loaded on importing a project and the user
can step easily between the different wersions by
dragging each in turn into the Measure window. For this
reason it is best to build up a piece of work as a series of
projects as set out in Figure 21. Each exhibit, track or
shoe forms a single project, which can then be compared
in another project.
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Figure 21: Organisation of projects. The four scenarios
set-out are common tasks for which DigTrace is built.

File archiving

Once an analysis is complete we recommend that you
archive the data carefully along with your records. In
Table 6 we provide a checklist of the key files that should
form part of this archive for a simple piece of work. We
have assumed that two exhibits (tracks) are recowered
from a scene and then compared. Three projects — one
per exhibit and one comparing the two tracks. The more
processing steps and file version you create the more
that the archive should contain. It is important to note
that it is not enough simply to save the project files
(.ftproj) since these files simple store the relative path
information not the actual data itself. If you move the
data from one computer to the next or to another location
the project files will not work. You can use the export
function howewer to zip all relevant files
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Folder Sub-folders
g Group all photographs and files created therefrom in one primary directory relating to a single scene or location at a multi-site scene.
il Ideally keep these separate fromother images you may have fromthat scene
Scene#
M Create and name a folder for the exhibit. Place the relevant photographs to create a 3D model of that exhbit. Other
. Xhibit1 images and files need to be stored separately.
g When you generate a 3D model in Create this folder is generated. It contains the model and
“,.Outputs also various temporary files created during the process. A textfile called ‘log’ is also created —
! this contains information about the speed and running of the softw are and its main use is for
troubleshooting software problems. For example, if you contact us w ith a problem w e may ask
you to forward this file; it contains no sensitive information.
i Keep but ignore; files created by the Generate model process
“.Lmatches
g Keep but ignore; files created by the Generate model process
fzecbnstruction_global
g b1y This contains the ply files (i.e. the 3D model). They
LLPWS A are labelled the folder name initially; in this case
! r'nodels Xhibit1.
b1y Keep butignore; files created by the Generate model
& process
Gl
txt
b1} Keep but ignore; files created by the Generate model
& process
Gl
visualize
B We recommend that you create a folder in w hich to save your 3D model and all subsequent
il versions of the model. Move the ply and associated csv file from ‘models’ to this folder using
Xhibit1 3Doutput | Your file manager. We recommend that each subsequent version of the model file a sequential
B number. Youmay also wishto save any projectfiles you generate to this folder as w ell.
iy Depending on the nature of your analysis you may need to generate output based on the comparison of one or
... Comp_Xhibits more exhibits. We recommend thatyou create a ‘Comparison’ folder and save such output here.
_ . _ =y ~
Table 5: file structure generated both by the user and automatically by DigTrace. “: = Auto-generated; ‘1= User-

generated. The cells identified in green are the ones with key data in them, the others contains temporary files
generated during the process

Best practice and quality assurance

Transparency with respect to accuracy is essential and
starts with the model itself. It is worth reviewing first the
potential sources of error in a 3D model:

1. Failure to take sufficient photographs at the site
leading to a poor model. Equally trying to build a
model with too many images can cause it to be slow

and even fail. The First Goldilocks principle applies —
getting the right number of images. User
experimentation will build confidence in getting this
right.

2. Surfaces with little pixel contrast — uniform colour for
example — can cause a problem and lead to large
holes in the model.

3. Reflection from wet surfaces or water filled
tracks/depressions can cause a problem for the
model.

4. A model may fail to build because the images are two
large (i.e. in resolution); it does not follow that the
better the camera resolution, the better the model.
While low resolution images can lead to a poor model.
The Second Goldilocks principle applies — getting the
resolution just right. User experimentation different

camera settings will build confidence in getting this
right.

5. Undercut edges and owerhangs. If a track or exhibit
has strongly over cut edges then it is essential to take
additional  photographs  from  obligue angles.
Depending on the density of the shadow in these
areas will determine whether the model faithfully
records these undercut areas. Howewer it is important
for the user to be aware how such areas are displayed
in the Measure and Compare workbenches. The
software is designed to look vertically from abowve and
undercut areas may not therefore display correctly. If
this is an issue then the user is advised to explore the
model within Create and some of the additional
functionality of the other workbenches may not be
available. Awareness of this is important especially if
the undercut areas are subtle or not very evident.

Ideally one is looking for a model that has an even
cowerage of data points with few gaps. If you examine a
model in Create you will see by zooming in that it is
created from a series points. Compare the models in
Figure 22 for example. It is good practice for the user to
export an image, with a vertical view point, of the model
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showing the gaps and holes. This should be done in

Create on the raw point cloud.

xhibit1 Directory Raw photographs

Xhibit1_3Doutputs Xhibit1.ply model

Xhibitl.csv

Xhibit1

2016 _06_07_Xhibitl_vl.csv

2016_06_07_Xhibitl_v2.csv

2016_06_07_Xhibitl_v2_Im1.j
peg

And so on

Xhibit2 Directory Raw photographs

Xhibit2 3Doutputs Xhibitl.ply model

Xhibitl.csv

Xnibitl

2016_06_07_Xhibitl_vl.csv

2016_06_07_Xhibitl_v2.csv

2016_06_07_Xhibitl_v2_Im1.]
peg

And so on

Comparison_xhibitslan
d2 Directory 2016_06_07_Xhibitl_v2_Im1.j

peg

Table 6: Example of files that should be saved and
archived for a simple project.

The other significant source of error is in scaling a model.
When a 3D model is first generated the point cloud is
unscaled, that is the points are correctly placed with
respect to one another but not in terms of ‘real’ or
absolute distances. We have discussed how to scale a
model in Section 4.0.

The choice of scale can be critical to the precision with
which accurate scaling can be obtained. Figure 23
shows a range of scales that can be used. As Figures 22
and 24 show the graticules on a scale do not always
display well in the point cloud. Scaling is often done
therefore by the owerall length of a scale bar. Having a
scale that is graduated right to the end helps in this
respect especially if a third party user for example does
not know the true length of the scale. Having a flat scale
can also be an advantage. While the scale in Figure 24
is in some respects ideal — it has a very prominent red
stripe which is precisely 300 mm long — its 3D nature
causes a problem with later visualisation. Contour maps
or colour height renders include the depth of the scale

bar which can swamp the detail in a shallow track. In this
case the scale has to be cropped out of the image to
enhance visualisation (see Section 8.0).

Figure 22: Shows a point cloud of a track at various
levels of magnification. A. General view of the track.
This is a good model with good coverage of data point
across the target, note the ragged edge and holes
towards the margins where the data accuracy declines.
The user would crop this image around the target and
could then assume an even accuracy across its area. B.
A zoomed view of the target area showing a good even
coverage of data points in the cloud. C. A zoomed view
around the ruler, note the gaps in the point cloud around
the centre line of the ruler and to one side of it. Thisis
not a problem since itis not in the target area.

Once scaling has been achieved one needs to verify this

using the measure tool / Place the cursor at one end
of a known length and hold and drag until you reach the
other. A pop-up window will appear with the distance.
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The first obvious check is to re-measure the scaled
distance; it should be exactly the distance you entered.
Now choice some other distances; for example if you
have included a second scale or used a right angled
scale then us this to check a distance. The inclusion of a
second scale bar is one of the best measures of
accuracy. If you repeat the test measurement a dozen or
so times noting the distance in each case you can
calculate simple error bands for your model. We
recommend that this is done in all cases. If you are
unhappy with the accuracy you are achieving then we
suggest that you re-scale the model.
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Figure 23: Four different types of ruler. One of the
issues is that the ruler does not always accurately display
on the model. The model is a point cloud each with a
vertex colour taken from the matched and triangulated
pixel. The user often need to scale on the basis of the
overall extent of the scale bar rather than specific
graticules onit. Therefore have a scale bar with numbers
to the absolute edge, or alternatively knowing the true
dimension of the scale bar is important. Sharp corner
also help. Reviewing above scales A and B are best.

Figure 24: Issues with scaling of a 3D model. A and B,
note the holes in the point cloud around the graticules on
the ruler. The red bar is very usefully however since it
shows up well and is a precise 300 mm long. C. The 3D
nature of the scale bar which can cause problems with
visualisation of subtle relief in a model.
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In this section we provide a few examples to illustrate the
potential of DigTrace in a forensic context.

Example One

Figure 25 shows a simple 3D model of track and the
source photographs used to create it within DigTrace.
Things to note in the model is the ewven distribution of
points within the cloud around the target track. Note how
the point cloud becomes ‘ragged’ towards the edges.
These areas would normally be cropped out and
neatened up (Fig. 26). The model may not be as reliable
in this area. For example note the partial track in the top
right corner of the model adjacent to the dog track.
Should this track become of interest in an investigation
one might need to proceed with caution or alternatively
seek another model that shows it more clearly. The point
density in the cloud visibly decreases across part of this
track. It is always important to focus a model on a core
area and to build multiple models to ensure that
ewverything of importance is captured.

Figure 25: 3D model created from 18 oblique images.
The images and the model are shown together.

Figure 26 shows model in later stages of examination.
Note the multiple files saved to the project library. The
first thumbnail is the original model; the second is an
auto-rotated and cropped wversion; while the third is a
close up of a small area showing the relationship
between the track and a later dog track. Note the ruler
has been cropped out of the later images because it
swamped the relief. The image is scaled and the user
can insert a scale bar if required. The cross-cutting
relationships in this model are particularly striking. The
track cross-cut the prominent dog track and partial track
in the top right corner while the impressions of the
second dog track, close to toe of the main track, came
later obscuring some of the detail.
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Figure 26: Views of the 3D model in Figure 25 in the
Measure Workbench. Note how the ruler has been
cropped out of the frame in the lower panel.
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Example Two

Figures 27 shows a typical DigTrace model of a footwear track taken from a muddy path through a set of woods
regularly used by dog walkers. Note the model has been scaled and sawed to the Project Library. The point cloud
visibly becomes sparse towards the left hand side of the image. A partial track is \visible in this area and falls outside
the reasonable area of accuracy for this model. Figure 28 and 29 show different visualisation and measurement
strategies available to the user.
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Figure 27: DigTrace model of a single track taken from a muddy path path through a set of woods. The lower panel
shows a screen view of the model.
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Figure 28: DigTrace model of a single track taken from a muddy path path through a set of woods. The model has
now been auto-rotated, cropped and saved. The lower panel is the full scree view.
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Figure 29: DigTrace model of a single track taken from a muddy path through a set of woods. The two panels shows

different visualisation and measurement strategies. In the upper panel (A) the model is the same as in Figure 28, but

a different colour ramp has been selected — grey. This brings out the geometry of the tread very nicely. A simple two

point measurement, in this case track length, is shown with the pop-up box with the length shown. Inthe lower panel

(B) The same colour ramp has been used but the print has been inverted so that low lying areas become raised and

vica-versa. Six landmarks have been placed and the table shows the exported inter-landmark distances. This data
can be saved as a csv file and is ideal when taking multiple measurements from a track.

DigTracePro 30



6.4.1
Recieve footwear
exhibit

v

6.4.2
Enhancement
required?

O sj3® :

Enhance .SI.-IbmlSSIOﬂ )

v

(" Y

6.4.4
QA

v

6.4.5
Code footwear with
. NFRC descriptors |

N\

v

6.4.6
Intelligence or
evidential
screening?

6.4.7 < > 6.4.11
Intelligence research Evidential screen

v v

6.4.9 6.4.12
Intelligence Write report?
reporting

40
6.4.8

- i _6.4.14 6.4.13
Intelligence match? | Write owtr!tence < Submit to FSP
: repo

v

6.4.10
Update findings

Figure Al: Process map for dealing with footwear evidence in the UK based on National Policing Improvement Agency
guidelines 2007. See Table Al or detailed description of each stage



Stage Process/Decision
6.4.1 Receipt
6.4.1.1 | Footwear staff should follow health and safety procedures at all times, particularly in respect of any
contaminated item
6.4.1.2 | ISO procedures should be in place and followed.
6.4.1.3 | Received item, should be dated to evidence continuity.
6.4.1.4 | Every item received should be correctly packaged and labelled in accordance with Force, ISO, HOSDB
and NPIA guidelines to ensure continuity and integrity.
6.4.1.5 | ltems should be checked against all relevant documentation to ensure correct number of items is
received in any particular case.
6.4.1.6 | Force case management system should be updated.
6.4.1.7 | ltems, case managed system and documentation should be checked for any other forensic opportunities
or forensic examination requests.
6.4.18 All received items must be handled and stored in accordance with current Force, ISO, HOSDB and NPIA
guidelines.
6.4.2 Enhancement Required?
6.4.2.1 | All marks and items should be considered for enhancement.
6.4.2.2 | Crime scene marks examined and enhancement techniques considered.
6.4.2.3 | If no enhancement is required proceed to Quality Assurance 6.4.4
6.4.2.4 | If enhancement is required proceed to Enhancement 6.4.3
6.4.2.5 | Marks and footwear items submitted for evidential screening should be enhanced to ensure that the best
possible result can be achieved.
6.4.3 Enhancement
6.4.3.1 | Enhancement procedures should be carried out in accordance with HOSDB guidelines.
6.4.3.2 | Impressions should be taken of footwear items for intelligence or comparison purposes.
6.4.3.3 | All enhancements should be documented and case management systems updated.
6.4.4 Quality Assurance
6.4.4.1 | Examine and assess the suitability of all submitted items for required processes.
6.4.4.2 | Items of insufficient detail for any meaningful intelligence coding or screening comparison should be filed
and stored.
6.4.4.3 | Documentation and case management system updated.
6.4.5 Code Footwear
6.4.5.1 | All items must be coded using national (NFRC) descriptors.
6.4.5.2 | Marks identified to specific footwear types must be given national (UK, National Footwear Reference
Collection) code.
6.4.6 Intelligence or Evidential Screening
6.4.6.1 | Submission for intelligence research continue to 6.4.7
6.4.6.2 | Screening submissions proceed to 6.4.11
6.4.6.3 | Items for screening should also be considered for intelligence research.
6.4.7 Intelligence Research
6.4.7.1 | All marks and impressions should be searched to a user defined search criteria, for example consistent
with Force policy, Crime trends and National Policy.
6.4.7.2 | Crime scene marks searched, using user defined search criteria, against:
e Outstanding similarly identified crime scene marks.
e OQutstanding crime scene marks similarly coded.
e Other outstanding crime scene marks.
e |dentified nominal impressions.
e Nominal impressions similarly coded.
6.4.7.3 | Crime marks case checked for:
e Other forensic outcomes, in particular fingerprint and DNA.
o Forensic ‘hits’, i.e. fingerprint identification and DNA hits.
e Previous footwear and forensic links.
e Modus Operandi and intelligence links.
6.4.7.4 | Nominal impressions searched, using user defined search criteria, against:
e Outstanding similarly identified crime scene marks.
e Outstanding crime scene marks similarly coded.
e  Other outstanding crime scene marks.
6.4.7.5 | Nominal checked for:
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e Forensic hits that nominal, outstanding and previous.
e Current or previous footwear and forensic links.
6.4.7.6 | Forensic hits/identifications (fingerprint and DNA):
e Case checked for footwear recovery.
e Identified nominal checked for footwear impressions.
e Available footwear impressions for named nominal searched against crime and outstanding
marks.
e Case checked for current links.
6.4.7.7 | Nominal impressions linked to scene marks:
o Nominal’s fingerprints compared to any available outstanding finger marks in that particular case.
o Nominal’s fingerprints compared to any awailable outstanding finger marks in any linked case.
6.4.7.8 | If no reportable intelligence is achieved update findings accordingly.
6.4.8 Intelligence Match
6.4.8.1 | All intelligence matches should be reported 6.4.9.
6.4.8.2 | If no intelligence matches are achieved then proceed to update findings 6.4.10.
6.4.9 Intelligence Reporting
6.4.9.1 | The National Intelligence Model (NIM) must be used.
6.4.9.2 | Intelligence produced must be in a simple and informative format.
6.4.9.3 | Can be disclosed.
6.4.9.4 | It should be clearly marked that it is for intelligence purposes only.
6.4.9.5 | Suggested warning cawveat: information on footwear sole patterns and uppers is intended for intelligence
use only. Please be aware that other manufactures may produce the same or similar patterns and other
styles and colours may be available.
6.4.9.6 | Dissemination/made available to all relevant units and individuals:
e Inwestigating officer.
e Crime scene investigators.
e Conwertor units.
e Intelligence staff.
e National Operational staff.
e Forensic Departments.
6.4.9.7 | Intelligence and relevant management systems updated.
6.4.9.8 | Intelligence produced should be tracked and resulted.
6.4.11 Evidential Screening
6.4.11.1 | Review exhibits and case details
6.4.11.2 | Do not proceed with screening if exhibits are required for other forensic examination.
6.4.11.3 | Consider cross contamination issues.
6.4.11.4 | Only trained/experienced staff should carry out screening.
6.4.11.5 | Screening results should be quality assured/checked by trained staff.
6.4.11.6 | Detailed paperwork should be completed for all screenings.
6.4.11.7 | Crime scene marks:
e Marks should be suitably enhanced.
e 1:1 scale images of marks produced.
6.4.11.8 | Footwear items
e Suitable sole impressions made to ensure best possible comparison, with reference to case
details: dynamic or static.
e Produce transparencies for overlaying.
6.4.11.9 | Carry out manual visual comparison between sole impressions and enhanced crime scene mark images
with respect to: pattern, size, wear, and damage.
6.4.12 Write Report?
6.4.12.1 | Report writing should only be considered if suitable qualified staff is available.
6.4.12.2 | Only accredited personal can/should produce S9 statements.
6.4.12.3 | Stage reporting by non-accredited personal can be considered with CPS agreement.
6.4.12.4 | Statements written by non-accredited personal can lead to footwear evidence/use being discredited.
6.4.13 Submit to Forensic Service Provider
6.4.13.1 | Cases should be submitted in accordance with Force Policy.
6.4.13.2 | All cases should be suitably screened before submission.
6.4.13.3 | All costs free options should be exhausted.
6.4.13.4 | Stage reporting should be adopted.
6.4.13.5 | Suspects should be interviewed, whenever possible, about the offence before the submission is
considered.
6.4.11 Write Evidence Report
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6.4.11.1 | Stage reporting should be considered
6.4.11.2 | Level of reporting is related to experience, training and accreditation of reporting officer.
6.4.11.3 | All evidential statements and reports to be independently reviewed and QA approved by suitably qualified
staff.
6.4.10 | Update Findings
6.4.10.1 | Management systems to be updated
6.4.10.2 | Intelligence systems to be updated
6.4.10.3 | Rejected items:
e Documentation updated with reason for rejection.
e Management system updated with reason for rejection
e Items returned to relevant individual or unit for rectification, by secure means to ensure integrity
and continuity.
6.4.10.4 | All items should be stored in accordance with current Force, HOSDB and NPIA guidelines.
6.4.10.5 | ltems can be destroyed in accordance with current Force policy and correctly recorded.
6.4.10.6 | Items should only be returned in a secure manner which ensures integrity and continuity.
6.4.10.7 | Degradable exhibits should be preserved in accordance with Force, HOSDB and NPIA guidelines, for

example in a digital format.

Table Al: Details of Process Map shown in Figure Al.
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Figure A2: Process map for dealing with footwear evidence in the UK based on National Policing Improvement Agency
guidelines 2007 and modified to include processing of 3D models via DigTrace. See Table A2 or detailed description
of each stage.
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6.4.1 Receipt
6.4.1.1 | Footwear staff should follow health and safety procedures at all times, particularly in respect of any
contaminated item.
6.4.1.2 | ISO procedures should be in place and followed.
6.4.1.3 | Received item, should be dated to evidence continuity.
6.4.1.4 | Every item received should be correctly packaged and labelled in accordance with Force, ISO, HOSDB
and NPIA guidelines to ensure continuity and integrity.
6.4.1.5 | ltems should be checked against all relevant documentation to ensure correct number of items is
received in any particular case.
6.4.1.6 | Force case management system should be updated.
6.4.1.7 | ltems, case managed system and documentation should be checked for any other forensic opportunities
or forensic examination requests.
6.4.18 All received items must be handled and stored in accordance with current Force, ISO, HOSDB and NPIA
guidelines.
DigTrace
Digital images should be assessed for 3D model creation.
If 3D model fails proceed to 6.4.2
If 3D model created undertake basic processing/enhancement:
e Scale, crop and auto-rotate.
e Experiment with visualisation tools in Measure.
e Sawe to files and outputs at all stages/steps.
6.4.2 Enhancement Required?
6.4.2.1 | All marks and items should be considered for enhancement.
6.4.2.2 | Crime scene marks examined and enhancement techniques considered.
6.4.2.3 | If no enhancement is required proceed to Quality Assurance 6.4.4
6.4.2.4 | If enhancement is required proceed to Enhancement 6.4.3
6.4.2.5 | Marks and footwear items submitted for evidential screening should be enhanced to ensure that the best
possible result can be achieved.
6.4.3 Enhancement
6.4.3.1 | Enhancement procedures should be carried out in accordance with HOSDB guidelines.
6.4.3.2 | Impressions should be taken of footwear items for intelligence or comparison purposes.
6.4.3.3 | All enhancements should be documented and case management systems updated.
6.4.4 Quality Assurance
6.4.4.1 | Examine and assess the suitability of all submitted items for required processes.
6.4.4.2 | ltems of insufficient detail for any meaningful intelligence coding or screening comparison should be filed
and stored.
6.4.4.3 | Documentation and case management system updated.
DigTrace
Examine and assess the suitability of all submitted items for required processes.
Produce a point density map for the track showing the coverage of points.
Check accuracy of the scaling of the model by measuring distance between known points
6.4.5 Code Footwear
6.4.5.1 | All items must be coded using national (NFRC) descriptors.
6.4.5.2 | Marks identified to specific footwear types must be given national (UK, National Footwear Reference
Collection) code.
6.4.6 Intelligence or Evidential Screening
6.4.6.1 | Submission for intelligence research continue to 6.4.7
6.4.6.2 | Screening submissions proceed to 6.4.11
6.4.6.3 | Items for screening should also be considered for intelligence research.
6.4.7 Intelligence Research
6.4.7.1 | All marks and impressions should be searched to a user defined search criteria, for example consistent
with Force policy, Crime trends and National Policy.
6.4.7.2 | Crime scene marks searched, using user defined search criteria, against:
e Outstanding similarly identified crime scene marks.
e Outstanding crime scene marks similarly coded.
e Other outstanding crime scene marks.
e |dentified nominal impressions.
e Nominal impressions similarly coded.
6.4.7.3 | Crime marks case checked for:
e Other forensic outcomes, in particular fingerprint and DNA.
e Forensic ‘hits’, i.e. fingerprint identification and DNA hits.
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e Previous footwear and forensic links.
e Modus Operandi and intelligence links.
6.4.7.4 | Nominal impressions searched, using user defined search criteria, against:
e Outstanding similarly identified crime scene marks.
e Outstanding crime scene marks similarly coded.
e Other outstanding crime scene marks.
6.4.7.5 | Nominal checked for:
e Forensic hits that nominal, outstanding and previous.
e Current or previous footwear and forensic links.
6.4.7.6 | Forensic hits/identifications (fingerprint and DNA):
e Case checked for footwear recovery.
e Identified nominal checked for footwear impressions.
e Available footwear impressions for named nominal searched against crime and outstanding
marks.
e Case checked for current links.
6.4.7.7 | Nominal impressions linked to scene marks:
e Nominal’s fingerprints compared to any available outstanding finger marks in that particular case.
o Nominal’s fingerprints compared to any available outstanding finger marks in any linked case.
6.4.7.8 | If no reportable intelligence is achieved update findings accordingly.
DigTrace
Use Compare Workbench to co-register multiple 3D models at a scene and seek statistical similarities or
differences.
Use Compare Workbench to co-register a nominal’s footwear to one or more 3D models at the scene
6.4.8 Intelligence Match
6.4.8.1 | Allintelligence matches should be reported 6.4.9.
6.4.8.2 | If no intelligence matches are achieved then proceed to update findings 6.4.10.
6.4.9 Intelligence Reporting
6.4.9.1 | The National Intelligence Model (NIM) must be used.
6.4.9.2 | Intelligence produced must be in a simple and informative format.
6.4.9.3 | Can be disclosed.
6.4.9.4 | It should be clearly marked that it is for intelligence purposes only.
6.4.9.5 | Suggested warning caveat: information on footwear sole patterns and uppers is intended for intelligence
use only. Please be aware that other manufactures may produce the same or similar patterns and other
styles and colours may be available.
6.4.9.6 | Dissemination/made available to all relevant units and individuals:
e Inwestigating officer.
¢ Crime scene investigators.
e Conwertor units.
e Intelligence staff.
e National Operational staff.
e Forensic Departments.
6.4.9.7 | Intelligence and relevant management systems updated.
6.4.9.8 | Intelligence produced should be tracked and resulted.
DigTrace
Disseminate/make 3D models available to relevant units and individuals
6.4.11 Evidential Screening
6.4.11.1 | Review exhibits and case details
6.4.11.2 | Do not proceed with screening if exhibits are required for other forensic examination.
6.4.11.3 | Consider cross contamination issues.
6.4.11.4 | Only trained/experienced staff should carry out screening.
6.4.11.5 | Screening results should be quality assured/checked by trained staff.
6.4.11.6 | Detailed paperwork should be completed for all screenings.
6.4.11.7 | Crime scene marks:
e Marks should be suitably enhanced.
o 1:1 scale images of marks produced.
6.4.11.8 | Footwear items
e Suitable sole impressions made to ensure best possible comparison, with reference to case
details: dynamic or static.
e Produce transparencies for overlaying.
6.4.11.9 | Carry out manual visual comparison between sole impressions and enhanced crime scene mark images
with respect to: pattern, size, wear, and damage.
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DigTrace
Enhance marks and prepare digital images which display the feature of interest.
Output 1:1 images
Carry out manual visual comparison between sole impressions and enhanced crime scene mark images
with respect to: pattern, size, wear, and damage. Produce direct measurements for statistical
comparison.
Create 3D models of any relevant sole impressions.
Use Compare Workbench to co-register a sole impression to footwear to one or more 3D models at the
scene.
6.4.12 Write Report?
6.4.12.1 | Report writing should only be considered if suitable qualified staff is available.
6.4.12.2 | Only accredited personal can/should produce S9 statements.
6.4.12.3 | Stage reporting by non-accredited personal can be considered with CPS agreement.
6.4.12.4 | Statements written by non-accredited personal can lead to footwear evidence/use being discredited.
6.4.13 Submit to Forensic Service Provider
6.4.13.1 | Cases should be submitted in accordance with Force Policy.
6.4.13.2 | All cases should be suitably screened before submission.
6.4.13.3 | All costs free options should be exhausted.
6.4.13.4 | Stage reporting should be adopted.
6.4.13.5 | Suspects should be internviewed, whenever possible, about the offence before the submission is
considered.
DigTrace
Pass 3D model and Project Zip files to 3D analyst for specialist examination.
6.4.11 Write Evidence Report
6.4.11.1 | Stage reporting should be considered
6.4.11.2 | Level of reporting is related to experience, training and accreditation of reporting officer.
6.4.11.3 | All evidential statements and reports to be independently reviewed and QA approved by suitably qualified
staff.
DigTrace
Produce images and data for report from 3D models and comparisons.
6.4.10 | Update Findings
6.4.10.1 | Management systems to be updated
6.4.10.2 | Intelligence systems to be updated
6.4.10.3 | Rejected items:
o Documentation updated with reason for rejection.
e Management system updated with reason for rejection
e Items returned to relevant individual or unit for rectification, by secure means to ensure integrity
and continuity.
6.4.10.4 | All items should be stored in accordance with current Force, HOSDB and NPIA guidelines.
6.4.10.5 | Items can be destroyed in accordance with current Force policy and correctly recorded.
6.4.10.6 | ltems should only be returned in a secure manner which ensures integrity and continuity.
6.4.10.7 | Degradable exhibits should be preserved in accordance with Force, HOSDB and NPIA guidelines, for
example in a digital format.

Table A2: Details of Process Map shown in Figure A2 modified to include use of DigTrace.
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Appendix lll: DigTrace Licence

Copyright(c) 2016 Bournemouth University Higher Education Corporation

(known as “Bournemouth University”)

All rights reserved.

Developed by: Bournemouth University

<Institute for Studies in Landscape and Human Evolution>

LICENCE TERMS AND CONDITIONS FOR USE, REPRODUCTION AND DISTRIBUTION

1.

Definitions:

“Licence” means this licence agreement.

“Licensor” means the copyright owner of the Software, or entity authorised by the
copyright owner, that is granting the Licence.

“Software” means the software made available, whether in Source or Object form, by
the Licensor under this Licence.

“Contribution” means any work of authorship, including the Software and any
modifications or additions to the Software, or any Derivative Work that 1is
intentionally submitted to Licensor for inclusion in the Software by the Licensor or
by an individual or other natural or legal person authorised to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted” means any form
of electronic, verbal, or written communication sent to the Licensor or its
representatives, including but not limited to communication on electronic mailing
lists, source code control systems, and issue tracking systems that are managed by,
or on behalf of, the Licensor for the purpose of discussing and improving the
Software but excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution”.

“Contributor” means the Licensor and any natural or legal person who modifies the
Software or otherwise contributes to the creation of a Derivative Work and on behalf
of whom a Contribution has been received by the Licensor and subsequently
incorporated within the Software.

“Derivative Work” means any work, whether in Source or Object form, that is based on
(or derived from) the Software and for which the editorial revisions, annotations,
elaborations, or other modifications represent, as a whole, an original work of
authorship. For the purposes of this Licence, Derivative Work shall not include
works that remain separable from, or merely link (or bind by name) to the interfaces
of, the Software.

“You” (or “Your”) means any natural or legal person who exercises the rights granted
under this Licence.

"Source" form shall mean the preferred form for making modifications,

including but not 1limited to software source code, documentation source, and
configuration files.
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"Object" form shall mean any form resulting from mechanical transformation or
translation of a Source form, including but not limited to compiled object code,
generated documentation, and conversions to other media types.

2. Subject to the terms and conditions of this Licence, each Contributor hereby grants
to You, free of charge, a perpetual, worldwide, non-exclusive, royalty-free licence
to: use, copy, modify, produce Derivative Works of, merge, publish, distribute, sub-
licence, and/or sell <copies of the Software and such Derivative Works
(“Redistribution” and “Redistribute” shall be construed accordingly).

3. Redistribution:

You may reproduce and distribute copies of the Software or Derivative Work thereof
in any medium, with or without modifications, and in Source or Object form, provided
that You meet the following conditions:

(a) You must give any other recipients of the Software or Derivative Work a copy of
this Licence or provide the Uniform Resource Identifier (URI); and

(b) You must cause any Derivative Work or modified files to carry prominent notices
stating that the Software has been modified and/or that You have modified files and
the date of any such modifications; and

(c) You must retain the copyright notice at the head of this Licence and the
disclaimer of warranties contained in this Licence; and

(d) You must provide a machine-readable copy of the Source form or indicate a
repository where this Source form will be easily and freely available for as long as
You continue Redistribution; and

(e) Neither the names of Bournemouth University, nor the names of Contributors may
be used to endorse or promote products derived from the Software without specific
prior written permission.

4, Submission of Contributions: Unless You explicitly state otherwise any Contribution
intentionally submitted for inclusion in the Software by You to the Licensor shall
be under the terms and conditions of this Licence, without any additional terms or
conditions.

5. Trademarks. This Licence does not grant permission to use the trade names,
trademarks, service marks, or product names of the Licensor, except as required for
reasonable and customary use 1in describing the origin of the Software and
reproducing the content of the copyright notice.

6. While distributing the Software or Derivative Work, You may choose to conclude an
additional agreement to offer, and charge a fee for, acceptance of support,
warranty, indemnity, or other liability obligations and/or services consistent with
this Licence. However, in accepting such obligations, You may act only on your own
behalf and on your sole responsibility, not on behalf of the Licensor or any other
Contributor, and only if You agree to indemnify, defend, and hold each Contributor
harmless for any liability incurred by, or claims asserted against such Contributor
by the fact You accepted any such warranty or additional liability.

THE SOFTWARE IS PROVIDED BY THE LICENSOR AND CONTRIBUTORS UNDER THIS LICENCE ON AN "AS IS"
BASIS, WITHOUT ANY WARRANTIES OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION WARRANTIES OF MERCHANTABILITY, FITNESS FOR A  PARTICULAR PURPOSE,
NONINFRINGEMENT, ACCURACY AND ABSENCE OF DEFECTS OR ERRORS. YOU ARE SOLELY RESPONSIBLE FOR
DETERMINING THE SUITABILITY OF USING OR REDISTRIBUTING THE SOFTWARE AND ASSUME ANY RISKS
ASSSOCIATED WITH YOUR EXERCISE OF PERMISSSIONS UNDER THIS LICENCE. OTHER THAN TO THE
EXTENT AS CANNOT BE LIMITED OR EXCLUDED BY LAW, IN NO EVENT SHALL THE COPYRIGHT HOLDER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO LOSS OF USE, LOSS OF DATA, COMPUTER
FAILURE OR MALFUNCTIONS, LOSS OF PROFITS OR BUSINESS INTERRUPTION) OR ANY OTHER CLAIMS,
LOSSES, DAMAGES OR LIABILITY WHATSOEVER, WHETHER IN CONTRACT, TORT OR OTHERWISE (INCLUDING
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NEGLIGENCE) ARISING FROM, OUT OF OR IN CONNECTION WITH, THE SOFTWARE OR THE USE OR OTHER
DEALINGS WITH THE SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
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