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Abstract:

Events that involve dramatic losses are frequently unwitnessed or unreliably witnessed. Over the
past 30 years, tools and techniques have evolved to provide accurate, reliable insight into these
unwitnessed events. Singularly, these data collection approaches only provide a slice of the
information available. By combining modern data capture methods (i.e., laser scanning and
photogrammetry) with commonly found material, like security camera footage or first responder
photos, scientists and engineers can accurately recreate an event. Using this data, Virtual Reality
(VR) applications and 3D animations allow all stakeholders to experience the viewpoint of a
witness, or the driver’s view of an accident. Fact finders can witness the reconstruction firsthand.
When tasked with reconstructing reality it is important to understand how data capture
technologies are visualized and ultimately rendered in VR applications and in 3D animations.
Understanding of how these highly influential tools are utilized and how each element contributes
to a quality visualization can accelerate investigations and lead to highly credible visualization
tools, like 3D animations used to aid expert testimony.

Introduction:

Ever since Buzz Lightyear said, “To infinity and beyond!” in Pixar’s Toy Story, people have
become comfortable viewing 3D animations as a storytelling medium. 3D animations have also
proven their value as teaching tools, helping fact finders understand complex concepts associated
with accidents in a wide range of fields. From aviation accidents to construction delays, animated
visual tools have delivered understanding in a universal way, free of engineering and scientific
jargon.

In the past 15 years several factors, including the availability of sophisticated data collection tools,
have transformed 3D animation from a teaching aid to an investigative tool. In the recent past, 3D
models were created by human modelers hand sculpting models of buildings, cars, trucks, and
people from a handful of measurements and photographs. Now, objects and scenes are scanned
with laser scanners and drones, providing millions of measurements called a point cloud, that can
be meshed (think connect the dots) automatically to form a dimensionally accurate 3D model that
can be used in an animation. The method has evolved from an artistic rendering to a highly accurate
depiction of space and time.

If we think of a loss as Alpha and the trial Omega, in many cases 3D animation tools are important
from Alpha to Omega.

What if you could have a 1:1 scale world where you could test scenarios to figure out what really
happened? It could serve as a sandbox where you could test and reconstruct reality. The answer to
this incredible “what if” is you can. That is exactly what legal teams are doing. Many are efficiently
and reliably using 3D digital environments as part of their investigation process; And here is why:

Three-dimensional environments can accurately define spaces, critical to reconstructing the scene
of an accident. Adding the 4" dimension, time, captures vehicle movement, human motion, and
things like machine operation. Other components that can layer into a virtual world include
elements like lighting and weather that affect conspicuity, all contributing to a 3D replica of a real
space and time involving an event.



In the beginning, you do not need to know what you are going to make. Beginning with the end
in mind is important, but openness to what you will learn along the way is critical. In most cases,
a team developing a 3D environment is working backwards from an end point that is known (e.g.,
a crash site). Figuring out what happened that caused the endpoint is the goal. A healthy dose of
intuition is helpful to start the process, then the data tends to guide the team.

A commitment to finished, trial-ready animation is not necessary because there are many points
along the way that are potentially actionable. In the past, it was difficult to deliver something of
value before a finalized rendering of an animation. The rendered movie was an expensive first
draft that happened late in the litigation timeline and was the earliest actionable deliverable much
of the litigation team, subject matter experts included, would see. Today, tools for peering into 3D
worlds as they are developing have dramatically improved our ability to share glimpses into the
under-construction phase. We can interact with point clouds (data from laser scanners and drone
missions) in VR, allowing investigators to walk around in the data from an accident scene. As the
digital accident scene moves from raw data to a curated 3D scene stakeholders can look over the
animator’s shoulder using screen sharing tools we all learned to leverage during the pandemic.
Finally, when the element of time is added and movement becomes part of the investigation, real-
time visualization tools like VR play an important role in engaging the litigation team in the
investigation and the production process.

From Alpha to Omega, you should think in four dimensions (3D space plus time). Accurately
establishing space and time are crucial to reconstructing reality. The geometry where an event
occurs often constrains the collection of all possibilities imagined into a significantly smaller set
of likely scenarios. When the element of time is added this geometrically constrained set is reduced
even more. Collecting all the data necessary to have confidence in the dimensions and the timing
of events informs what must be captured or discovered as the matter proceeds from alpha to omega.

Elements needed to reliably reconstructing reality:

Tom Petty famously asserted that “The Waiting is the Hardest Part.” But that was so ’80s. Getting
started is the hardest part. Fortunately, when reconstructing reality is your goal, the path is
prescriptive. While each matter is unique, the place to start is collecting the data that defines the
3D space where the event of interest occurred. Specific questions that need to be answered usually
exist in the context of a well-made 3D space, and other questions will emerge as you layer in
specialized data types onto the 3D data. To be clear, when we assemble different forms of data
with the foundation of 3D space the information gleaned either moves us closer to providing an
explanation or drives questions that we may be able to answer via simulation or testing. Either
way, it helps the team reduce uncertainty.

The following list outlines the type of data that informs the construction of a model suitable for
reconstructing an event digitally. Reviewing this list, you will notice that geometric data capture
approaches are connected to the scale of the space or object to be captured. United States
Geological Survey (USGS) data will usually suffice for a mountain range, traditional survey data
is useful for 5 miles of railroad track, drone photographs and laser scan data are great for capturing
a roadway intersection, and cars involved in a collision can be captured by a laser scan. Finally,
small parts like vehicle or aircraft components can be geometrically characterized with the latest
hand scanners that collect millions of points from the surface of a part at 1/1000" of an inch
accuracy.



o Scene Geometry — typically captured with a survey tool
= USGS terrain data
= Survey data (total station)
= Point clouds from a drone flight
= Point clouds from a laser scanner
e FARO Focus, Leica RTC360, etc.
e Other specialty scanners
o Object Geometry (vehicles, industrial machines, etc.) — typically captured with a scanner
= Point clouds from a laser scanner
e FARO Focus, Leica RTC360, etc.
e Hand Scanners
e Digital Microscopes
= Point clouds from photogrammetry
o Discovered motion data
= Video footage of the event
e Security cameras
e Dashcams
e Witness videos recorded on smartphones.
= Photo sequences
e Photos of an event taken at different times (e.g., Automatic Teller
Machine (ATM) photos)
o Simulated motion data
= Vehicles Motion
e HVE — vehicle crash simulation software
e PC-Crash — collision reconstruction software
= Human Motion
e Human motion capture systems (MOCAP, MOtion CAPture)
e Computer-based tools (e.g., MADYMO, MAthematical DYnamic
MOdeling)
o Conspicuity data
= Line of sight analysis
= (alibrated photography for lighting analysis/simulation
= Weather condition simulation

There are questions that can be asked once the 3D model and additional associated data come
together to form an animation. Perhaps a hypothetical will help explain. Let’s say I have a client
who was the driver of a vehicle that struck a pedestrian in a crosswalk at an intersection in
Smallville, Utah. The driver was turning left and claims to not have seen the pedestrian until the
very last second before striking her. Let’s also say we have the following pieces of data:

e A laser scan of the intersection which provides the complete geometry of the scene

e A laser scan of the vehicle that struck the pedestrian

e A detailed scan of the interior of the vehicle with the seat adjusted to the position this
driver was using at the time of the accident

e Biometric information on the pedestrian so we can create a 3D model of her



e The time of day and the fact that it was sunny and clear, so we can position the sun
properly relative to the scene

e Security camera footage from a convenience store that captured video of the car
striking the pedestrian

Using the scan data (captured weeks after the accident) and photos taken at the time of the accident,
we can create geometry of the scene that accurately places all the static objects (buildings, signs,
road markings, traffic lights, trees, etc.). The car model and the pedestrian model can then be added
to the scene as separate, movable objects. Through a process called camera matching the security
camera footage can be aligned to the 3D scene model to overlay the vehicle and pedestrian motion
that happened during the accident as captured by the security camera. This video matching
technique informs how we move the car 3D model and the pedestrian 3D model to reconstruct
their movements and point of contact as accurately as possible. We can then orient the viewer in
the car at the eye point of our client/driver and explore why the driver did not see the pedestrian.
Was the sun in their eyes when they made the left turn? Did something in the car (like the A-pillar)
block their view of the pedestrian? We can also look at the same event from witness viewpoints,
and the pedestrian’s point of view. Speeds of the vehicle and pedestrian can also be extracted using
this approach.

Discoveries made by experiencing the left turn virtually, perhaps watching it repeatedly in VR
which allows us to move our head around like a driver, may create more questions that we can
answer with more testing. What if we had more information on how the sun reflects off the
windshield of the subject vehicle? Perhaps we can gather that information with additional testing.

This approach helps narrow possibilities from all things that we can imagine to conclusions driven
by evidence-based facts.

Additionally, it is doubly efficient because the byproduct is a 3D animation; A demonstrative that
can be used to resolve the matter. The visual aids rendered from this process are often powerful
communication tools. Showing an event from a witness’s point
of view or the driver’s seat can substantiate or refute testimony.

Virtual Reality is a method for experiencing a reconstruction in
real-time and at a 1:1 scale with the environment (Figure 1).
While it is still rare for jurors to don a head mounted display, VR
is frequently used during the construction phase of a 3D model
and in some cases immediately prior to rendering an animation
for mediation or a trial. VR allows us to explore camera views

. . . . X Figure 1: An engineer using Virtual
without rendering draft animations. It’s more efficient than  geqiity to explore an accident scene.

rendering and editing movies, and in several cases, we have

extracted head motion data from experts in VR to direct camera motion in an animation that will
be shown on a screen in the courtroom. It is only a matter of time before VR headsets regularly
make their way onto fact finders.

From Alpha to Omega, what should legal teams think about when reconstructing reality?

e What can I capture?
o Scene scan/photos
o Subject equipment scan/photos
o Vehicle scan/photos



e What can I discover?
o First responder photographs/video
o Security camera footage
o Dashcam footage
o Bodycam videos
e What can I know from a client’s in-house expertise?
o Testing data
o Exemplar information from tear downs (inspection preparation)
o (Computer Aided Design) CAD data

e How do I synthesize all this information?

o Decide on complexity of scene model necessary, capture the appropriate data, and
build the scene

o Layer in motion data from simulation, testing, video, deposition testimony, and
other information sources that inform motion

o Consider exploring stories that don’t make sense (e.g., if the rider’s testimony is
they were going the speed limit, the motorcycle misses the truck it collided with
entirely)

e [terate in the model. VR is a powerful tool for interacting with a model. This interaction
usually happens at two stages. First, when the geometry is completed; It’s valuable to
interact with the space where an event happened to explore being there and how people
may interact with a machine. Second, is when the motion work is complete. At this stage
you can don a head mounted display and sit in the driver’s seat of a bus approaching an
intersection where a crash occurs, or ride in the pilot seat of an airplane approaching a mid-
air collision. After experiencing what the data tells us about an event multiple times, the
way forward often becomes clear.

e Leave time to explore and actively utilize 3D environments during the litigation process.

o Don’t wait until the last minute because missed opportunities may be costly
o Exploration and iteration inform new lines of investigation and discovery

e Consider how to use products from this process as a demonstrative aid or demonstrative
evidence.

o Should VR be used with the fact finders, or will a rendered animation deliver the
message clearly?

Examples
Landscaping Site Accident

A worker on a residential landscaping project was crushed between a powered concrete buggy
and the tailgate of a dump truck, resulting in injury. The worker was loading slabs of concrete
from a sidewalk demolition into a skid loader that was parked in the street. The skid loader
was parked behind a dump truck so it could load the slabs of concrete from the sidewalk
demolition into the truck. In one cycle of unloading the concrete, the operator backed the
powered buggy away from the skid loader and his upper back encountered the tailgate of the
dump truck. He was unable to stop the reversing buggy and the force of his body pushing onto
the handlebar of the concrete buggy depressed the safety release handle in the powered
position. The buggy continued to move causing significant injuries to the operator.



How do we know this? The thin thread of information that allowed us to confidently
reconstruct the accident space was two first responder photos taken shortly after the accident
happened. One of the photos is shown in Figure 2.

Our team was engaged in the matter many weeks
after the accident happened and the dump truck and
concrete buggy were no longer at the accident side.
High quality laser scans were captured at the
accident location, but the truck and concrete buggy
were scanned at a different location remote from the
accident site. A 3D model of the skid loader was
available as well as biometric data for the injured
worker, so we had all the elements we needed to
reconstruct the accident scene. The critical missing

Figure 2: Accident photo of skid loader. detail was the exact positions of the skid loader and
the dump truck. These two vehicles defined the space the operator and the concrete buggy were
maneuvering within. Fortunately, first responders took two critical photos, one allowing us to
place the skid loader and the other allowing our team to define the position of the dump truck.
This accurately established the 3D space where the accident occurred, a space too small to
safely operate the concrete buggy (Figure 3).

A.Acgident Photo

Not only was the 3D model valuable for creating

measurements and a visual depiction of the P Bl
accident space, but it also provided detailed and Operator
dimensions necessary for building a physical ygm ; :
model in which we could test the allegation that : , F - ’
1226 in—

the safety stop on the drive for the buggy was
defective or malfunctioning. Live surrogate
testing helped us show that as the worker came in
contact with the back of the dump truck, his upper body would have pressed upon the safety
bar continually engaging the buggy’s drive system (Figure 4).

Figure 3: Scene reconstructed from scan and photos.

This iterative process of creating a 3D environment from materials captured and discovered,
moving digital objects within that environment, then answering questions with physical testing
resulted in an effective explanation for the accident sequence, and a valuable visual tool used
to help settle the case.

ra

Figure 4: 3D Reconstruction and Physical Surrogate Testing



City Bus Accident

A pedestrian crossing in a busy crosswalk at night was killed when she was struck by a city
bus passing through the intersection. There was a large amount of video of the event because
the bus was equipped with several video cameras capturing video inside and outside of the bus
as it approached the intersection, struck the pedestrian, and stopped. When there is so much
data it’s fair to wonder why the investigators would want to create a digital reconstruction. You
can see the accident clearly on the video. And that’s part of the problem. The video cameras
on the bus were capable of capturing images in low light conditions, unlike the human eye.
Because the accident happened at night, the video from the bus did not depict what the driver
saw, or his point of view as the bus approached the intersection.

You now understand the stepwise approach to recreating reality. Our first step was to capture
the data needed to build an accurate model of the intersection where the accident occurred.
Laser scans were captured of the site (shown in Figure 5A). These laser scans were used to
create a 3D model of the scene. A team of investigators also conducted a lighting study at the
accident intersection. They measured the light produced by streetlights, storefronts, and other
vehicles that pass through the intersection. The laser scan data captured all the static light
sources at the scene, so our 3D model was programmed to include the illumination from those
lights (a rendering is shown in Figure 5B). The video from the bus was also a source for lighting

Figure 5: Laser Scan and 3D Renderings from City Bus Accident

information. It showed us which static lights were functioning and tracked the movement of
other vehicle lights associated with this event. In this accident the light from oncoming traffic
was an important factor (see Figure 5C).

The bus videos also provided us with the movement of the bus, the motion of other vehicles
approaching or moving through the intersection, and the activity of pedestrians including the
person struck by the bus. Armed with this detailed information, a visualization technologist
can position the light sources of known intensity in the scene, place the vehicles in the scene,
adjust their headlight’s illumination, and animate the pedestrians moving in the scene.

The final piece of information that proved Time to Impact: 4.3 seconds (8
. . . . . Speed: 21.1 mph

useful in this case was video captured inside the

bus that showed the driver’s actions. From that

video, a human factors expert provided

information about where the driver was looking

as the bus approached the intersection and - . ; i
struck the pedestrian. With this information we Distance: 106.1 ft.
created a virtual camera at the driver’s eyepoint '

that captured the driver’s viewpoint as the L . ) .
Fig. 6: Driver's View Analysis from City Bus Reconstruction



animated bus passed through the reconstructed environment. An image from that animation is
shown in Figure 6).

Conclusion

The advent of rapid data collection technology has unlocked the ability to create digital spaces that
serve as frameworks for combining diverse types of data associated with events. The digital
sandboxes we create are tools for legal teams and investigators to assemble the known information
about a loss and iterate through scenarios. Working in these digital sandboxes accelerates the
investigative process in several ways. In one way sandbox sessions generate questions for
discovery. What data is available or what questions should be asked in a deposition? The second
way is to inform physical testing. Consider eliminating uncertainty around a question by physical
testing. For example, can I test how the sun reflects off a specific type of windshield to help
evaluate whether a driver could see a pedestrian?

When a team is satisfied that they have discovered, captured, combined, and iterated upon all the
information available, they can utilize the finished reconstruction to render images and/or movies
to teach parties outside the team. These visualizations are effective tools that have aided in the
resolution of many cases and reconstructing reality played a crucial role from alpha to omega.
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cafox(@engsys.com

Dr. Fox oversees technologists providing field data collection, visualization, lab services, and
facilities and artifact management across all Engineering Systems Inc. (ESi) offices. His team
works with in-house consultants and ESi clients to recover and store artifacts, assist in analyzing
materials in ESi laboratories, collect and visualize data, and create demonstrative aids and
exhibits. Technologists at ESi assist experts in all phases of high-stakes litigation. Technologists
at ESi are constantly innovating to integrate a growing variety of data capture technologies with
a wide array of visualization tools to connect ESi experts and legal teams with critical concepts
that flow from accurate depictions of often unseen events.

Dr. Fox leverages his 28 years of experience in the litigation industry to lead a technology team
that is second-to-none. With an academic background in neuroscience, Dr. Fox provides insight
into how visual teaching tools can be used most effectively to teach difficult-to-understand
concepts. His scientific training informs an information convergence strategy that marries all
forms of data collection with outcomes that drive decision making at the team level.

Before joining ESi, Dr. Fox served as Vice President at Demonstratives, Inc. for 14 years. At DI,
he led the Life Sciences Group - a team that focused on biotechnical, pharmaceutical, and
biomedical litigation services. These services included production of 3D animations, 2D
animations, and PowerPoint presentations. He led program development in cases involving high
tech patents and trade secrets. The Life Sciences Group developed sophisticated methods for
visualizing macromolecules and animating the processes behind much of today’s biosciences
industry.

Areas of Specialization

The Effectiveness of Visuals

3D Animations

VR Applications

Real-Time Visualization
Demonstratives Aids and Exhibits
PowerPoint Presentations
Litigation Graphics

Education

Postdoctoral Fellow, Mental Health Research Institute, University of Michigan, 1991-1995
Ph.D., Molecular Cellular and Developmental Biology, lowa State University, 1991
B.S., Zoology, lowa State University, 1987
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Professional Awards

National Institute of Drug Abuse
National Research Service Award, 1994 — 1995

University of Michigan
Endocrinology and Metabolism Postdoctoral Fellow, 1993 — 1994

University of Michigan
Pharmaceutical Manufacturers Association Postdoctoral Fellow, 1991 — 1993

Positions Held

Engineering Systems Inc., Ames, lowa

Senior Director of Technology, 2021 — Present
Director, Visualization Practice Group, 2015 — 2021
Senior Managing Consultant, 2015 — Present
Senior Consultant, 2014 — 2015

Demonstratives Inc., Ames, lowa
Vice President, 2001 — 2014
Engineering Animation Inc., Ames, lowa

Director of Biotechnical Litigation Services, 1999 — 2000
Director of Production, Interactive Division, 1997 — 1999
Project Manager, Interactive Division, 1995 — 1997

University of Michigan, Ann Arbor, Michigan
Post-Doctoral Fellow, Mental Health Research Institute, 1991 — 1995

Presentations

2020 Webinar “Data at a Distance: The Art of Remote Inspections” DRI Webinar Series, April
9t 2020, and 10 other legal industry events in 2020.

“Virtual Reality in Litigation” 2020 DRI Products Liability, New Orleans, LA, February 6, 2020

“Seeing the Unwitnessed Hand and Power Tool Accident,” 2019 DRI Products Liability, Austin,
TX, February 6, 2019

“Virtual vs Reality: Navigating the Matrix of Your Case,” 2019 DRI Products Liability, Austin,
TX, February 6, 2019

“The Use of VR Technology in Accident Analysis and Reconstruction,” 2019 DRI Products
Liability, Austin, TX, February 6, 2019

“The Use of Virtual Reality Technology in Aviation Cases,” SMU Air Law Symposium, Irving,
TX, March 28, 2019

“A Picture is Worth 1000 Words: Seeing the Unwitnessed Facts in Accidents,” PLP&D 2017 Fall
Workshop, Rosemont, IL, October 12, 2017
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“A Picture is Worth 1000 Words,” Children’s Products Panel Counsel Meeting, Las Vegas, NV,
February 7, 2017

“A Picture if Worth 1000 Words: Demonstrative Exhibits in Litigation,” XXVIIIth Annual
International Occupational Ergonomics and Safety Conference, Chicago, IL, June 9-10,
2016

“Commercial Hand Fed Chipper Winch Line Accident Reconstruction Analysis,” 27" Annual
Occupational Ergonomics and Safety Conference, 2015

“Visualization: The Science of Seeing the Facts,” Georgia Defense Lawyers Association, 2015

Publications

Fox, Charles A., McAlpine, Melissa L., and Owens, Kevin G. “Virtual Reality: Put Your Best
Foot Forward,” DRI, For the Defense, Product Liability, April 2020, pp. 58-65.

Fox, Charles A., Kenner, Matthew T., Lueck, Jay K., Morris, Steven L., and Winn, Robert C.,
“The Use of Virtual Reality Technology in Aviation Accident Analysis and
Reconstruction,” SMU Air Law Symposium, Dallas, TX, March 27-29, 2019.

Fox, Charles A., Kenner, Matthew T., Lueck, Jay K., Morris, Steven L., and Winn, Robert C.,
“Aviation Accident Reconstruction Using Virtual Reality and Other New Technologies”,
DRI Meeting Publication, February 2019.

Fox, Charles A. “When A Picture is Worth More than 1000 Words”, MDLA The Quarterly, Fall
2019, pp. 8-11.

Brickman, Dennis B., Roberts, Julius M., and Fox, Charles A., “Automatic Sliding Door Sensor
Safety Analysis,” Proceedings of the XX VIIIth Annual International Occupational
Ergonomics and Safety Conference, Chicago, IL, June 9-10, 2016, pp. 29-35.

Brickman, Dennis B., Novak, Gary J., Fox, Charles A., Lueck, Jay K., and Karlins, Scott A.,
“Shelving Cart Design and Manufacturing Safety Analysis,” Proceedings of the
XXVIIIth Annual International Occupational Ergonomics and Safety Conference,
Chicago, IL, June 9-10, 2016, pp. 17-22.

Brickman, Dennis B., Bajzek, Thomas J., Knox, Erick H., Fox, Charles A., Lueck, Jay K., and
Petersen, John M., “Beach Rental Elevator Child Entrapment Safety Analysis,”
Proceedings of the XX VIIIth Annual International Occupational Ergonomics and Safety
Conference, Chicago, IL, June 9-10, 2016, pp. 23-28.

Edwards, Dale B., Brickman, Dennis B., Fox, Charles A., and Brewster, Rodney A., “Failure
Analysis of a Plastic Toy Helicopter,” Proceedings of the Society of Plastics Engineers
Annual Technical Conference, Indianapolis, IN, May 23-25, 2016, pp. 1017-1025.

Brickman, Dennis B., Knox, Erick H., Fox, Charles A., and Stage, James D., “Commercial
HandFed Chipper Winch Line Accident Reconstruction Analysis,” Proceedings of The
XXVIIth Annual International Occupational Ergonomics and Safety Conference,
Nashville, TN, May 28-29, 2015, pp. 25-30.

Dr. Fox has authored 19 scientific papers in the field of molecular neurobiology.
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Dr. Fox has authored two book chapters:

“Interaction Between Dopamine and Opioid Systems in the Dorsal and Ventral Striatum of the
Rat,” C.A. Fox, E.J. Curran, A. Mansour, H. Akil, S.J. Watson, Cellular and Molecular
Mechanisms of the Stratum (1996)

“Biochemical Anatomy: Insights into the Cell Biology and Pharmacology of Neurotransmitter

Systems in the Brain,” C.A. Fox, A. Mansour, D.T. Chalmers, J.H. Meador-Woodruff,
S.J. Watson, Textbook of Psychopharmacology, pp. 45-63 (1995)
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