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Recon-3D &
Cloud Compare

*Because it is what I use, this
presentation will concentrate on the
Recon-3D app as a hand held scanner
device.

*x[t is expected that most of what I say
about Recon-3D will also apply to the
two other apps that will be mentioned.

* T his is not meant as a sales pitch, but
as guidance as to things to think about

outhwe

if you go a "hand held” route.
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Recon-3D &

Cloud Compare

* This is not the typical Recon-3D and Cloud
Compare presentation. For typical Recon-
3D presentations (which ARE important)
see the Cloud_compare_comparisons-
Patrick__Davis.pdf and the
WYMAN_Symposium_Lidar_App.pdf
presentations that are included as PDF’s
after this presentation, as well as the
presentation to SATAI by Eugene Liscio
earlier this year.

* This presentation is geared specifically
towards the vehicle accident investigation
and reconstructlon field.

outhwest A of Technical Accide vestigators - 2024 Copyright 2024 - All Rights Reserved - 4AN6XPRT
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Recon-3D &
Cloud Compare

*x This presentation deals with
considerations as to equipment, a
operation, selection, “issues” and

accuracy within the Recon-3D tool.

» The Cloud Compare portion takes

Dp

the

user through the steps to obtain crush
measurements with Cloud Compare.

»Both sections are based upon my

experience working with the tools, you
may have, or find, better methods.

outhwest Association of Technical Accident Investigators - 2024
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Hand Held Device
Scanner Apps

»Because all of the apps I am familiar
with use, to a greater or lesser degree,
a LIDAR function, right now they need
an Apple iPhone or iPad with LIDAR
capability.

xThere are 3 apps of which I am
familiar -
* Pix4D Catch
* PolyCam
* Recon-3D




Pix4D Catch

https:/ /www.pix4d.com/product/pix4dcatch/

- o i

B¢ NHTSA Produr X | whi( Results for 55 X | & Mew Tab ® | #¢. AcodentRecs X | G polycamapp X | Polycam - HC % | G pigddeatch-© X Transform yor X B v o
C & pixdd.com/product/pixddcatch/ G = w ®» O a :

# Bookmarks g Contacts - D3 E Calendar #% Products « ANGXPR. e Recon 30 Admin l Authorize NET  #% ANSXPRT Systems | Mew Car Research NHTSA TAX IPTM » Other bookmarks

Login  English

| TRYFORFREE

PIX4D Industries | Products | Training | Support | Resources | Contact 2

PIX4Dcatch

Transform your work with
precise 3D scans and AR

We - and our partners - use cookies to deliver our services. By using our website, you agree to the use of cookies as
described in our Privacy Policy.
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Pix4D Catch

»I am told the software is “free”.
However, in order to process, you
need a Pix4D license

»A potentially good option for those
who already use drones, have a Pix4D
license, and want to “catch” some
evidence without breaking out the
drone due to time, effort, or inability
to get flight clearance.




PolyCam

https://poly.cam/

C @ poly.cam G 2 % #®» 0O o :
% Boockmarks @ Contacts-D3 E Calendar #% Products < 4NEXPR.. @ Recon 3D Admin l Authonze NET  # 4NGXPRT Systems |... Mew Car Research NHTSA TAX [PT » Cther bookmarks
Q polycam ‘ Explore Tools » Learn v Business v Company Pricing Contact sales I login

.\/ =
>

o

/

3D scanning platform

Intuitive
Collaborative
Precise

Digitize spaces and objects. Measure and analyze. Share across teams.

’ Al Get the app ‘ Sian Lp =

Need it for work? Explore Enterprise

————————
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PolyCam

*Similar to Recon3D
*x Uses Lidar and Photogrammetry

xAnnual License less than Recon3D

»While used, and found to be reasonably
accurate, they are not putting the time,
effort, and resources to validate the
scans for forensic purposes (at least
not to my knowledge). Therefore you
MAY, MIGHT, ALMOST PROBABLY, will
have to do additional validation on
your own.
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Recon-3D

HOME  SUBSCRIBE  TRAINING FAQ  TUTORIALS  ACCESSORIES  SAMPLEDATA  RESEARCH  ABOUT  CONTACT

RECON-3D

AGGURATE DATA FOR FORENSIC INVESTIGATIONS

i
[,

Download on the
. App Store
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Recon 3D

What is it? What is it not? Why use it?

» Recon-3D is an Apple App to be used
on either an Apple iPhone or Apple
iIPad that has the LIDAR function.

*xIt combines the LIDAR measurement
function with photogrammetry using
the video taken while “scanning” the
object/area of concern.

12




Recon 3D

What is it? What is it not? Why use it?

*It is not meant as a replacement for a
“real” scanner (i.e. - FARO, Leica, etc)

*It does not have the density of scan
points the larger scanners have

*xIt also doesn’t require the tripod or
multiple scans of the larger scanners

xIt doesn’t have the associated costs of
the larger scanners.

————————
Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
13




Recon 3D

What is it? What is it not? Why use it?

»Cost - relatively low

*x Flexibility - You walk around and scan,
you cover the area of interest, you
don't have to set up a tripod multiple
times, you don't need to pick up and
set down the scanner multiple times,
you just walk around and scan.

————————
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Recon 3D

What is it? What is it not? Why use it?

*[Ime - In many instances you can
cover the area of interest in 2 minutes
or less.

*» Accuracy” - the accuracy is at least as
good as a rolling wheel, and often
many times better.

x*Documentation - it allows for
documentation of area data for later
possible use with minimal cost

————————
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Recon 3D

Screens

@ Plans Restore Purchases ° Plans SeslErAE

Daniel Vomhof
dv3phone@gmail.com

[h 4NBXPRT Systems

App Version -1.4
Help
Buy Plan
Change Password

Default Settings

Print April Tags

Contact Us

Terms & Conditions

1 Month Plan

Cloud Processing: 10 scan daily
upload limit | 30 scan monthly upload
limit

On-Device Processing: Unlimited

Maximum 10 min scan time for
resolutions of 5mm or greater

Share scans

$74.99

1 Year Plan

Cloud Processing: 10 scan daily
upload limit | 30 scan monthly upload
limit

On-Device Processing: Unlimited
Maximum 10 min scan time for
resolutions of 5mm or greater

Share scans

$ 499.99

Southwest Association of Technical Accident Investigators - 2024
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@ 5 Additional Scans

Increase monthly or daily limit by
adding 5 scans

Cloud Processing or On-
Device Processing

Share scans

$24.99

10 Additional Scans

Increase monthly or daily limit by
adding 10 scans

Cloud Processing or On-

Device Processing

Share scans

4, Subscriptions may renewsl may be
turned off by gaing te the T s

ngs after purchase.

Copyright 2024 - All Rights Reserved - 4N6XPRT Systems




Recon 3D

Screens

»Both Annual and Monthly plans are
available

x»30 Cloud uploads allowed per "month”.
Resets on the day of month you
purchased the plan if it is an annual
plan

»Additional uploads are available for
purchase if you have a heavy use
month.

————————
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Recon 3D

*When you click Screens
the “+" button, -
yOu are i;aii::(;:l\:dslﬁ\lvallabie:'IO A\ Daniel Vomhof

Monthly Uploads Available: 17

presented with .
the SCAN gl °

Default unit: IN Change
Created On: 2022-07-25 11:00:13 AM

SETTINGS. = =

Standard Photogrammetry

These are, per 7

Standard Mode
Created On: 2022-07-25 10:57:40 AM

the most recent e e

t ra i n i n g J iS t h e l ::odstw ) Dei‘:!econstruction FEES N Emm
Settlngs to be ‘. . Created On: 2022-07-26 10:20:14 AM

Target Detection

used by the
Standard Maode -

C LO U D -;j E_._‘: -, Created On: 2022-07-25 09:14:36 AM Target Distance 0.0

processing. g O r——

————————
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Recon 3D

Screens

*Units - I use INCHES, also
available are METERS,
FEET, and CENTIMETERS K3 «

A\ Daniel Vomhof

Default unit: IN

x*Mode - In general you will EG—_GuG_
want to use STANDARD
which is the melding of . —® .
the photogrammetry with
the LIDAR e

x*SCAN DENSITY - Due to o
recent changes, you will oo 0 e
probably want 5 mm

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Screens

xScan Density - “tighter”
denS|t|eS (1,2,3’0r 4 mm) A Danicl Vomhof

can be set, but you will not |[ErE—E————
be allowed to scan for the |eeEEEEE
“full” 10 minutes e ey

Scan Density (mm)

x»Depth of Reconstruction - [l
This is how far into the oot et ommereton @R
distance will be included. . —®
In general 5 meters (~15
feet) will be sufficient for
vehicles and small scenes.
(more later)

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Target Distance 0.0 IN~

SAVE SCAN SETTINGS




Recon 3D

Screens

*x [arget Detection - If you
are using the APRIL
targets to help set scale in
your scan, you want this
ON, however, for a variety
of reasons, OFF has
become my preferred
mode. I have not seen a
negative hit in my scans
by not using the targets.
(More later)

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Scan Settings
Start/Stop Tone .

Default unit: IN

Mode

Standard Photogrammetry

Scan Density (mm)

—@

B inch Um
11—l 30

On

Target Distance 0.0 IN~

SAVE SCAN SETTINGS




Recon 3D

Screens
*Target DiStance b FOr a AP\ Daniel Vomhof
variety of reasons, when

using the April targets, 1 ¢

Default unit: IN

set my targets at 72 T —
inches. If you have the

Scan Density (mm)

ability to utilize a larger
distance for scenes and
vehicles, it would be e
advisable to do so, as it is
always better to
interpolate rather than
extrapolate.

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Target Distance 0.0 IN~

SAVE SCAN SETTINGS




Recon 3D

Screens

*SAVE SCAN SETTINGS -
You have to save the
settings in order to e @
p I’O C eed . Default unit: IN .

* [ he Settings we just
walked through were set |
from the main menu. By
setting the settings here, =
it saves time in the field,
as the “"base” settings are
pulled up for each scan.

AP Daniel Vomhof

Standard Photogrammetry

On

Target Distance 0.0 IN~

SAVE SCAN SETTINGS

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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scenes)

Recon 3D

Screens

*x [ he base settings can be
changed as a “one off” for
individual scans (such as
increasing the depth of
reconstruction for larger

Daniel Vomhof
dv3phone@gmail.com
[h 4NGXPRT Systems
Subscribed

App Version -1.4(33)
Help
Buy Plan
Change Password
Default Settings
Print April Tags
Contact Us

Terms & Conditions

owered By ¥’ EveryPoirt’

Southwest Association of Technical Accident Investigators - 2024
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Recon 3D

Screens

* 10 start a scan,
CliCk the “+’, 7 Sync via Wifi

Daily Uploads Available: 10

b u tto n / W h i C h M°”:t"'y }).iu'-*loads Available: 17

then brings up
the NEW
PROJECT NAME
screen. Itis
advisable to
name your scans

instead of going FemEs

the “date-time”
route

Southwest Association of Technical Accident Investigators - 2024
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Created On: 2022-07-25 09:14:36 AM

New Project Name

21 Jul, 2023-02:15:57 PM X

CREATE

Copyright 2024 - All Rights Reserved - 4N6XPRT Systems



Recon 3D

Screens

*xThis is the name I am
using for a scan of my

2004 Hyundai Santa Fe for
this presentation.

*xSettings used for the scan
are Smm, 5m, No Targets.

sample for presentation

Done

giwlelrtiylulilolp

a d g
X Y &

B G

s f h |
e Z o b n
123 = space return

¢

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Screens

* [ his sample scan took 1
minute 10 seconds to
complete, that is 3 circuits X
around the vehicle. The
08:50 showing is the time SSSSSASNSEe
remaining for the possible
10 minute scan time.

*xClick the white circle with
the square to stop the .
sCan - X

";'3- ] oo
iy - el
*. o Qqef’féo — .i'.\*nr.
o, Y ="l R R

s 3
Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Screens

x*When you stop the scan
you are presented with this [
screen. Given that I have
completed a (in theory)
“successful scan” 1
ALWAYS ALWAYS ALWAYS

What's Next?

select SAVE FOR S
LATER.The other selection Erre
I may make is RESTART.
This is done when I have

RESTART

problems mid scan.

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Screens

*0Once the scan
IS saved, you e
can click on it
and then either
process on your
device, or
process on the

| Ex Standard Mode
C O u , O r O n Created On: 2023-06-26 01:14:63 PM

# scene 3-1iptm

Standard Mode
Created On: 2023-06-2612:22:10 PM

f'é_i PROCESS ON DEVICE

(2 PROCESS ON CLOUD

R —
Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Screens

*x If you decide to process on the
cloud, it uploads and processes
using the settings input prior to
your scan.

* If you choose to process on the
device you are again presented
with the settings in case you want
to change any settings for the “on
device” processing.

* The processing starts out showing
you the video recorded as part of
the scan. The next several pages
are frame grabs of the video.

Scan Settings

Mode

Standard
Scan Density (mm) 0.195 inch (5.0 mm)
1 —. 30
Depth of Reconstruction 196.85 inch (5 m)

Target Detection

Off

SAVE SCAN SETTINGS

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Screens

xProcessing on the device
goes through 7 “passes”.

* [0 process this scan on
my iPhone 12 Pro took 33
minutes.

*Some screen grabs of the
processed point cloud
follow -

————————
Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Screens

Recon 3D

. ’--""’33

. '."‘-
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Recon 3D

Screens

x»Note the “Fairy Dust” around the
vehicle, especially the roof. Some of
this is due to not using a monopod.

»Another part of this is processing on
the device. Most of the “fairy dust”
disappears with cloud processing.

To that end .... equipment.

34




Recon 3D

Equipment

*

he basic equipment which you need

is .... the Lidar capable Phone or
Tablet.

*

Other pieces of equipment that make
life easier and better are -
* Monopod

* Phone Clamp
*x April Tags for Recon-3D

»Add on Lights
*» Battery and “longer” power cable to keep

Southwest

device charged.

35
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for

*A p
dand

Recon 3D

Equipment - Phone/TabIet

x*While a tablet has
more “horsepower”

Drocessing scans
none is lighter

more portable,

which can be a
significant
consideration.

»In either case, LIDAR
IS needed.

o7

~

Southwest Association

of Technical Accident Investigators - 2024
36

Apple iPhone

\ Pro/Pro Max

12

13

14

15

16
MAKe sure it

has this type of

"lens"

arrangement

————————
Copyright 2024 - All Rights Reserved - 4N6XPRT Systems




Recon 3D

Equipment - Monopod
* Any” monopod will do ... however ...
some considerations are - easily
shortened/lengthened? Light in
weight? Will stand up to repeated

use? Storage? Transporting (on a
plane)?

xI currently use the Manfroto 360
degree VR monopod, however, it is no
longer available on Amazon

37




Recon 3D

Equipment - Monopod

@ Last purchased Dec 11, 2023

View order

Set reminder

Manfrotto VR, Virtual Reality VR Selfie
Stick, Aluminum (MPOLEVR)

Visit the Manfrotto Store
50 A #a&d& v Sratings | Searchihis page

(]

Currently unavailable.
We don't know when or if this item will be back in stock

Color Aluminum
Brand anfrotio
Compatible Camera

Devices

Item Weight 0.8 Pounds
Folded Size [SMALL]

UPC 719621413998
Global Trade 00719821413998
Identification

Number

About this item
= Capture 360 Degree Vlogs and Selfies
= Extends from 17.5 to 53.1"

Roll aver imaae to zoom in

Currently unavailable.
‘We don't know when or if this
item will be back in stock.
© Deliver to Daniel - La Mesa 91942

| AddioList ‘v |

VR stick.

xOther sticks are available, including
the presumably “current generation”

Southwest Association of Technical Accident Investigators - 2024
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" Manfrotto
Ftns: fanan

“foot”

Manfrotto VR Selfie Stick b4 L o & :

All Videos Shaopping mages ms =i ab Toaol

Sponsored
Manfrotto Manfrotto VR Manfrotto Vr, Manfrotto Manfrotio AquaPod Mini Carbon Fiber Manfrotto VR
Mpolevr Vr. Medium.. Virtual Reality Carbon Fiber Element Camera Pole Invisible PiXl EVO Kit
$58.99 $107.88 $49.56 $216.88 $23.95 $39.95 $17.03 $109.40
Techinn.com B&H Photo-Vi... Truegether - S... B&H Photo-Vi... B&H Photo Vi... Amazaon.com Temu B&H Photo-Vi...

(5) (5) Free shipping & Free by 10 (36) Free shipping (6) (55)

Manfrotto - Selfie Manfrotto Manfrotio - Selfie Manfrotto "Sturdy 7.7 pounds load Selfie Stick "Sturdy” - “Easy to
Stick - 2.2 poun Stick - 2.2 poun '"Portable” - "Eas 38 inches max... use" - "Well mad

b s

xThe stick on the far right has a tripod

included which may be desirable
If you need to set the stick down in

Recon 3D

Equipment - Monopod

AanmFrat~A VD Virdiial

between scans.

Southwest Association of Technical Accident Investigators - 2024
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Electronics

e

AN

MIEAYLY

Camera & Photo » Tri

ipods & Monopods + Monopods

Roll over image to zoom in

Recon 3D

Equipment - Monopod

th

Amazon Basics 67-Inch Monopod, Black
Visit the Amazon Basics Store
4.5 ddrdokoAr v 10,079 ratings | Search this page

500+ bought in past manth

2197

prime Two-Day
FREE Returns v
Save up to 3% with business pricing. Sign up for a free Amazan
Business account

Thank you for being a Prime Member. Pay $2%57 $0.00 for this
order; get a $200 Amazon Gift Card upon approval for the

Amazon Business Prime Card. Terms apply. Learn more

May be available at a lower price from other sellers, potentially
without free Prime shipping.

Style: 1-Pack

Configuration: 1-Pack

Brand Amazon Basics
Color Black
Compatible Camera
Devices

»I have had good luck with "Amazon
Basics” products, and this monopod
has all the items needed(i.e. - 1/4 inch
screw, easily extendable, etc) and the
price is “right”.

(e

’
=
]

"'i

A

Roll over image ta zoom in

Southwest Association of Technical Accident Investigators - 2024
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Recon 3D

Equipment - Phone Clamp

Electronics » Camera & Photo + Accessories » Tripod & Monopod Accessories » Camera Mounts & Clamps

NEEWER Metal Phone Tripod
Mount Adapter with Arca QR
e in width, from 2.67 / 6.6¢m to 3.8° / 8.6cm. Pull up the top 7
ully stretch it to fit phones of different sizes. BaSE, Cold ShOE, 360° Swivel
S 180° Tilt, Phone Holder
Compatible with iPhone 15 Pro
Max Galaxy S24

Visit the Neewer Store
4.7 e dei oAy v 414 ratings | Search this page

SPRING LOADED CLAMP WITH LOCKING KNOB o

Phone holder is adjusta
edge of h

Amazon's Cholce

LOADED CLAMP
1K+ bought in past menth

-30% *19*

List Price: 52740 @

vprime Two-Day
FREE Returns w

Coupon: o 5% off coupon applied Shop items >
Terms

Be prepared to . R onsue

regilje thiS_ L\, s ./ SILICONE PAD
Pad wi" "Snp" 5% aff  with qualifying purchase Shop items»
with heat and

Compativho with Phano 5415 12 18 Pro Ma X X8 X5 Mar 7 Pus S8
Sragre Oalary 521520 530 53 ot 10 8 Geagle Hunvdi and mon.

Thank vou for beina a Prime Member. Pay 1524

*A clamp will be needed to hold the
phone at the end of the monopod

————————
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Recon 3D

Equipment - Phone Clamp - Lights

*xThis is the one I use (or its previous
generation)
* Metal clamp
*x Easy to get phone in and out
* ' Shoes” to hold up to 3 accessory lights

*x The grip pads on either end of the
holder have a tendency to "slide” with
use and using the device in a “hot”
environment.

————————
outhwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Equipment - Phone Clamp - Lights

»Be prepared to reglue the pads using
some type of “super glue” that wont
be as susceptible to heat.

————————
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Recon 3D

Equipment - Phone Clamp - Lights

xLights .... they can be helpful, but ...

xI don't use them. Within my working
environment .... I just don't need them
enough to warrant buying and lugging
them around.

44




Recon 3D

Equipment - Battery and Chord

x»One of my working environments is
scanning vehicles at Auto Shows
(more on this in a bit)

»As such, I will scan 50+ vehicles is a
\\day".

»In order to do this .... I need more
battery life than the phone will give,
SO.."

»External battery in a vest pocket with
a 10 foot chord.

outhwest Association of Technical Accident Investigators - 2024
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Recon 3D

Equipment - Battery and Chord

»While you may not need to charge
while you are scanning

x»You should be prepared to charge your
phone if you end up having to do a
large scene, multiple scene/vehicles,
or just have a long day. You DON'T
want to run out of power when you
need the phone/tablet for a scan.

46




Recon 3D

Equipment - April Tags

x»Recon-3D has a specific set of April
tags you can download and printout.

*YOU can also purchase a “April Tag Kit"
from Recon-3D

* The theory is, you set the tags at a
known distance, input that distance
into your device before beginning the
scan, then scan.

47




Recon 3D

Equipment - April Tags

x»Having the known distance included in
your scan will, in theory, improve the
accuracy of the scan processing, and
thus your resulting scan.

x»Unfortunately, I have found that the
April Tags did NOT improve my
accuracy, and at times, I actually had

Wworse accuracy using the tags.

outhwest Association of Technical Accident Investigators - 2024
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Recon 3D

Equipment - April Tags

x»Another issue with the tags is/are -
» If multiple people are using Recon-3D, and

*x All are setting out tags, most probably at
differing distances

» The program gets confused, and in the end
... Yyou get no scan.

x ] found this out at WREX 2023 with
the car sandwiched between the semi
and bus.

outhwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Equipment - April Tags

xLast issue is - working environment.

*If you are working where there are
lots of people, the likelihood of your
tags being kicked, and thus the
distance changed, is high.

*For all of these reasons, I don't use
the tags.

outhwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Working Environment

xFor those who have never been to an
Auto Show .... here are some pictures
from the Orange County Auto Show
from this year ....

Thank you for attending .. “
the OC Auto Show! We %
hope to Seeyounext § «, o
year! "

Y o | =5 P

o g

————————
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Recon 3D

Worklng Enwronment

AUTO
s SHOW

Thank‘Vbu for attendmg :
the OC Auto show! We "

» ' 1 &=

. L

-

————————
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Recon 3D

Working Environment - Issues

x»Heat - The hotter the environment, the
quicker the device will be to overheat.

x*At IPTM this year temp was ~90
degrees F, humidity was high. We did
O ped crashes in about 2.5 hours. The
only way I was able to accomplish this
was because I had 2 phones. So ... 2
tests, switch phones, while the first
cooled down, 2 more tests, etc. etc.
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Recon 3D

Working Environment - Issues

x»Heat - IF you have a phone case, and I
think if you don't you are asking for
trouble, but if you have one, the heat
builds up faster.

x»Heat - as already mentioned, heat and
the glue used for the non-stick clamp
Dads are not compatible.

»Heat - trying to do a “quick” device
brocess to check your scan(s) .... may
render your device unusable due to

outhw

-
overheating.
est Association of Technical Accident Investigators - 2024
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Recon 3D

Working Environment - Issues

xBattery - The battery on the phone can
be quickly used up. Especially if you
are trying to do “quick” (i.e. - 30 mm
resolution) device processing to check
your scan(s). Make sure you have a
way to charge your phone “on site” if
needed.

*xBlack/Shiny - Black vehicles are a
problem, especially if clean and shiny.
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Recon 3D

Working Environment - Issues - Black Vehicles
xDevice process - vs - Cloud Process

————————
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Recon 3D S

Working Environment - Reasons
to Use

x | ree cover

w’&“ L L

Cloud Process Settings

Scan Location
(Lat: 26.6089892, Long: -81.9136661)

Mode

Resolution 0.195 inch (5.0 mm)

Scan Duration: 261 secs

Depth of Reconstruction 196.85 inch (5.0 m)

Target Detection .

VIEW NOTES
=

————————
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Recon 3D

Working Environment - Reasons to Use




Recon 3D

Working Environment - Reasons to Use
*x [ errain issues
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Recon 3D

Working Environment - Reasons to Use
* [ errain issues
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Recon 3D

Working Environment - Reasons to Use

xMore Terrain Issues

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Working Environment - Reasons to Use

xMore Terrain Issues

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Working Environment -
Reasons to Use

xDistance/Setup Issues

x Resolution - 5 mm
* Depth - 10 m

*x Iime of scan - 257
seconds = 4 min 17 sec

Cloud Process Settings

~ Scan Location
- (Lat: 33.56422829, Long: -112.3084426)

. Mode

A
A
. Resolution 0195 inch (5.0 mm) -

i Scan Duration: 257 secs

Depth of Reconstruction 393.7 inch (10.0 m)

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

Working Environment -Reasons to Use
*»Distance/Setup Issues

-11.129684 14,563284 §
-9,392517 | 11206282
1.308002 483156

Distance: 15.902986
_OAD0zea 15 902972 -188.891464 1861957260

15 gamoss OOl Oo4nEzn 4.986237 168,391479
0021018 e 0093722 4987117

~7.589294 122568108
122332916 Fie15E11
DB3497E 122334564
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Recon 3D

Working Environment -
Reasons to Use

x»Distance/Setup Issues

* While admittedly not the “Cleanest” in the
periphery, it captures the needed data for a
basic diagram.

* When the person running the “real” scanner
asked about getting the “helmet”, the reply was
“eff that!” How many times has something
similar occurred in a “real” scene?

* If @ more complete scene periphery is required,
a drone flyover can be conducted and merged,
as long as it is done before most of the roadway
features (cracks) are still there.

————————
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Recon 3D

Scanning SOP - Vehicles

xIn general -
* 3-4 “loops” around the vehicle

* LOW - for the most part, the lower the
better - the monopod is as helpful for this
as it is for “high”

» MEDIUM - roughly between chest and eye
height

» HIGH - As close to directly over the vehicle
as possible

» HIGH Angle - High, but at about a 45

degree angle to roofline. This can be
combined with opposite direction.

————————
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Recon 3D

Scanning SOP - Vehicles

x»When scanning damaged vehicles
especially, you want to make sure you
do at least one loop in the opposite
direction of the rest of your loops.
This helps to show the areas that
might (almost always are) “"shadowed”
with your "normal” loops.

*If the damage is complicated, you
might want to spend additional “back
and forth” time in the damage area

outhw

before your scan is completed.
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Recon 3D

Scanning SOP - Vehicles

x»For an undamaged, exemplar “car”
vehicle, typical scan time is under 3
minutes if there is minimal human
interference (see Auto Show pics).

»Damaged vehicles can usually be
scanned in about the same amount of
time.

»Damaged vehicles can typically be
scanned as part of the scene scan,
especially if there is separation
between vehicles.

————————
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Recon 3D

Scanning SOP - Scenes

* [0 a point, higher is better
*#arr\]’\ typically scanning at about 10 feet
g
x»Phone should be pointed to the ground
with somewhere between a 30-45
degree angle between phone and
ground.

» 1ry and walk both sides of the vehicle
path, as well as down the center.

»Do at least two loops around the

n
vehicle(s).
Southwest Association of Technical Accident Investigators - 2024
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Recon 3D

Scanning SOP - Scenes

»Looping around the vehicle helps to
set you up on the return path to the
AQOI.

»After the basic post impact path is
walked, you may want to “criss-cross”
across the path to fill in the periphery
and possible debris
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Recon 3D

Scanning SOP - Scenes

*Some people have found that the scan
comes out better if the camera is
always oriented in the same direction
(i.e. - always pointed “"North”, etc.)

xI have not found that to be the case.
HOWEVER -

*You do not want to do a rapid “spin in
place” when turning, this will more
often than not cause the scanner
software to lose track of itself
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*

Recon 3D

Scanning SOP - Scenes

Instead, turn by moving in an arc
around things.

GO SLOW when turning, slower than
when walking in a straight line.

Experiment with doing a “drunken
weave” path when walking the straight
ine to pick up more along the
Deriphery.

DON'T be afraid to do a second, or
even third scan.
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Recon 3D

Scanning SOP - Scenes

xAfter doing your overall scene scan,
consider scanning smaller sections of
the scene if they have data which may
be critical. These can later be tied in
to a larger overall scene.

*Mark a Known Distance in the scene so
that you can check on the scan
taccuracy”.

————————
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Recon 3D

Point Cloud - File Size
*xAll things considered, minimal size.
RAW Point Clouds - Size

AMEXPRT Dropbox » Daniel Vormhof 1T EﬁE-flSCARS-Il AW » Recon-3D Scans I

-

Mame Crate modified Type SEze
1-20132_Ford_Taurus.e5y Fr22F202a EST File 28, 466 KB
2-_201% Dodge Charger.e57 T rA0AA Ji36 Ak EST File 26075 KB

. 3-_2074_Dodge CTharger.e57 Fr2220F4 3:35 Al E5ST File 20 263
4-_ 2016 _Dodge Charger.e57 T2 2024 8:53 P ES7T File 26971 KB
24 scars_1_post.e57 Fr2d 2024 4:30 PR EST File 22 Fa5 KB
24 =zcars_ 2 post.e37 TL2252024 4: 29 PR EST File 23,856 KB
24 scars_3 post.e57T Tl 202 4030 PRA EST File 23 044 KB

[ 24 =cars_4. post.e5T TAZ2 /2024 4:28 PP EST File 22711 KB
24 =cars_ct2.ea’ 222024 434 PR EST File 146 308 KB
24 scars_ctd-2.e57 TAEE A A024 4:33 PRA EST File 85, 7382 KB

= 24 scars_ctZ-Trimmed.e57 Fr22720724 4:47 PR EST File 135,452 KB
2013 Ford_Taurus.e37 TL237 20028 B 20 AbA EST File 31,528 KB

(0 2014 _Dodge CTharger.e57 Fr23,20 0 A EST File 20,797 KB
2016 _Dodge_Charger.e57 23S 20 Ak ESY File 26,656 KB
2019 Dodge Charger.e37 TL232 F0 AR EST File 28 654 KB

LD 2024 =scars_ct1({1}1.e37 T2 20 PEA EST File 112366 KB
2024 SCARS CT1.e57 TF23F 2024 3 AR EST File 113,367 KB
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*xAll things considered, minimal size.
apbox ¢ Daniel Yomhbof Il » 2024 SCARS ¢ ANEXPRT Systermns Data-5CARS 2024 + Recon-30 E37 Point Clouds W

Marme Date modified Type Sze

E- 1-2013_Ford_Taurus-2024 SCARS PreTest.e57 7423720247724 AM EST File 10 218 EB

& 2-_2019_Dodge_Charger-2024_SCARS_PreTest.e37 T/23/5 2024 T26-:8M EST File 10:302 KB

EZ 3- 2014 _Dodge_Charger-2024_SCARS_PreTest.e37 7232024 T:32 AM E5T File 18,546 KB
EZ 4-_2016_Dodge_Charger-2024_SCARS_PreTest.e37 723,024 T35 AM E57 File 871LKE

Eo 2024 SCARS_CT1_Scene.e5T 72372024 fede A EST File 112467 EB

EZ 2024 SCARS CT2 Scene.e57 723/ 2024 &:57 AM E5T File 42,812 KB
8- 2024 SCARS_V1-PostTest.e57 72372024 5:57 AM E37 File 16,789 KB

8o 2024 SCARS VZ2-PostTest.e57 72372024 702 AM E5T Fils 0554 KB
E 2024 SCARS_V3-PostTest.e57 7232024715 AM ES7 File 13613 KB
E- 2024 SCARS V4-PostTest,e57 72372024 721 AM EST File & 7o8 KB

& Crash Test 1 - Recon-3D Scan Error.jpg Tf25/,2024 578 AM IPEG Image 272 ¥R

& Crash Test 2 - Recon-3D Scan Errorjpg T8/ 2024 5:42 AM IPEG Image 403 KE
& | Fecon-30 Scan Comments.bd 12372024 6:47 AM Text Document | KB
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Recon 3D

“Accu ra cy

103, 122009 103122003
-0.017761 103221352
-4.527557 4527502

Expert AutoStats®

Madel : " Data Page?2 | Data Page3 | Print | File Output | DXF Output
2004 HYUNDAI SANTA FE (Vi) 4 DOOR 4%2 UTILITY
Horizontal Dimensions Vertical Dimensions
Length 177 |im. Height 73 |
Wheelbase 103 |in. Ground to:
Front Bumper to Front Axle 3 |in, Front Burnper (Top) 29 | in.
Frant Rimnar tn Front of Hond i Headlinht - Cantar i

*Note NoO targets I-owever,
wheelbase in the scan is 103.1 inches,
wheelbase as we have it in Expert
AutoStats is 103 inches.

————————
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Recon 3D

“Accuracy”

»\What is important to us as Vehicle
Accident Investigators??

x»Are the measurements reasonably
correct?

*Do the measurements obtained from
the scans reflect the “real life”
measurements?

xWill the measurements obtained result
in “correct” calculated values?

*10 that end ......

————————
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Recon 3D

“Accuracy”
*Ped Test at SATAI in 2023

*Instrumented impact speed 34-37 mph

Distance: 64822154

-64, 773094
£.607025 B
0.6856596

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems



Recon 3D

“Accuracy”
*5.88-6 = -0.12

«(-0.12/6)*100=-2.0%

5.8543055 WAl 5.550729
S0,556007 M 5.856541
-0.158005 EhAl 0.575260

————————
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*x(-0.17 / 65)*100 = -0.26% (i.e. - less
an 1

L]
‘h"ll'-.f'

T

¢ R

%

¥ »

| Distance: 64,5291

i -6, FF3094

0.685696

2.607025 |

&4

64,825539
64, 776726
2,595693

“Accuracy”
*64.83-65 = -0.17

=B, 773094

0L EE5626

2607025 8

Recon 3D

64825539
s 64 TTFET26
2095695

3 Bl

Southwest Association of Technical Accident Investigators - 2024
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Recon 3D

“Accuracy”
*/0.789-71 = -0.211 ft

*(-0.211/71)*100 = -0.29% (i.e. - less

j
T
Fohy ._F ,

e p T nﬂf
e T

g jr‘ 1'[;;-.-
70, 725670 BESE 70, 757094

7045719 RS 70,727394
0493191 FSAE 2959185

TR I AT
— a'k"""l' : -il-"-"m"hw.a?._n-r H - < o ."-I'-'...-' FEeT: B =
————————
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Recon 3D

| - “Accuracy”
* In multiple instances I have "measured”

a /2 inch distance in Recon-3D. 1
generally find that I get a distance
within +/-.75 inches.

« (0.75/72)*100 = +/- 1.0%

* From the SATAI test it can be seen that
the accuracy is, for that test, -2% or
better.

* Think, rolling wheel, tape, pacing - how
often have you been MORE THAN 2%
off? Less than? Have you ever checked

outhw

to see?
est Association of Technical Accident Investigators - 2024
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Recon 3D

“Accuracy”/Error Rate

*Some additional Scene scans, with
known distances in the scans, and the
error rate calculated.

————————
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Recon 3D

“Accuracy”/Error Rate

Crash Test 1
25 feet=7.62 m
(7.578-7.62)/7.62=-055%
(7.561-7.62)/ 762 =-077%

" Distanice: 7,578141

1627668
7.401190
| -0.036152

R —
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Recon 3D

“Accuracy”/Error Rate

Crash Test 2
25 feet=762m
(7.649-7.62)/7.62=0.38%
(7.654 -7.62)/7.62=0.44%

& 7054015
& 2050000
@ 7375001

————————
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Recon 3D

“Accuracy”/Error Rate

x»As mentioned previously, there were 9
“ped” tests completed at IPTM in 2024.

*» 10 evaluate how “critical” the errors
experienced in the Recon-3D scans
may be, speed calculations will be
made using a "Lawn Dart” calculation.

* I he calculations are for illustration
purposes, using the simplest of the
various formulas.

*x1his is NOT a Ped class, if you prefer
using other formulas, be my guest!

————————
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Recon 3D

“Accuracy”/Error Rate

xhe Formula used is the 45 degree
vault formula.

*MPH = (3.87 * Throw) / SQR(Throw +/- Height)

*x Throw distance is as measured in
Recon-3D in Feet

x»Height is assumed to be 0

————————
Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems

88



Recon 3D

“Accuracy”/Error Rate
*CT1- Error~-2%

50' marked distance = ~2% error

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*MPH = 38.0 +/-2% = 37.2-38.7

»RADAR = 34 MPH

Distance: 96.217301
-96,200142 06, 202576
0653903 A5,214874
1,683445 1.617061

————————
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Recon 3D

“Accuracy”/Error Rate
*f=0.6, MPH =35.4 | f=0.75, MPH=38.6

x+/- 2% 34.7-36.1 37.8-39.4

Distance; 63630060 -
-69,515900 20,be

-1.362196 B. S BALG1TEIE
0,490633 1447860

Skid - first mark to
Front Axle

————————
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Recon 3D

“Accuracy”/Error Rate
*CT2- Error~1.3%

Distance! 50,679562 S

-50,673674 SOET4297

-0.207184 BO.e7I142

0.730489 0, 759302 I i
50" marked distance = -

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*MPH = 40.1 +/-1.3% = 39.6-40.6

»RADAR = 43 MPH

107053909 1075314751
<7 477680 Nhed 107, 065643
1.565401 Tie43E95
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Recon 3D

“Accuracy”/Error Rate
*CT3- Error~2.8%

36679855 36, 700871
-1,241833 ‘36,684006
-0:551812 1358913
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Recon 3D

“Accuracy”/Error Rate
*MPH = 36.5 +/-2.8% = 35.4-37.5

»RADAR = 34 MPH

Distance: 83.769461
-56.649261 B, 720500
s.564186 B0 Ba.sovars
z.9a6352 4.617963
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Recon 3D

“Accuracy”/Error Rate
*CT4 - Error~0.07%

100.072784
- 100,065620
1.197794

100" marked distance = ~0.07% error

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*MPH = 41.2 +/-0.07% = 41.2-41.3

39 MPH

»RADAR

Distance: 113.547846
115,123360 ERRl 113592244
a,744005 |NEEY 113128983
1,127580 9,509119

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*CTS5 - Error~-1.6%

98, 407875 93410652

dpd Bl 100" marked distance = ~1.6% error

=1,108715: 1,329927

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*MPH = 39.1 +/-0.07% = 38.5-39.8

»RADAR = 42 MPH

-102, 280426 102257575
-1,209579- fhvwl 102 288147
1.256721 1744256

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*CT6- Error~-1.6%

95.402451 95, 432709

2.440548 98, 404579
-0.647512 2524984

————————
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Recon 3D

“Accuracy”/Error Rate
*MPH =32.5 +/-0.07% = 32.0=33.0
¥

70384682
| 70.141093
6230611

outhwst sociation of Technical Accident Inestigators -2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D “Accuracy”/Error Rate
*CT7/- Error~-0.3%

* Judged to be an “invalid” test, so limited data collected.

However, it's a “rea
scene.

|II

ped crash to the officer arriving on the

99,6688515
1 99654753
0,900450

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*MPH = 34.0 +/-0.07% = 33.9-34.1

*RADAR = 42 MPH

=7, 004051 W Fr057E81
-2, 863762 77.005409
0.456596 2.899933

Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Recon 3D

“Accuracy”/Error Rate
*CT8- Error~0.90%

—

! ..b.

<G

Select ane point and d

-100.875497 100.573497
0.004748 P 100.875191
0:584682

100" marked distance = ~0.9% error

Southwest Association of Technical Accident Investigators - 2024
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Recon 3D

“Accuracy”/Error Rate
*MPH = 38.2 +/-0.07% = 37.9-38.6

»RADAR = 42 MPH

97634445 a7, 671135
-2.676833 37,640945
-1.126901 2.904370
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Recon 3D

“Accuracy”/Error Rate
*CT9 - Error ~1.4%

25568593 95.605370
§ -2.681631 98.574524

-1,053708 2881223
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Recon 3D

“Accuracy”/Error Rate
*MPH = 35.5 +/-0.07% = 35.0-36.0

»RADAR = 32 MPH

-54.161118 &4, 159488
2,184807 § | B 174652
1509187 2655377

————————
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Recon 3D

“Accuracy”/Error Rate

* he number of examples shown was to
illustrate
*A - The “error rate” isn''t constant, but

»B = The “error rate” of the scan is low
enough that it has minimal impact on the
collision analysis

» C = The minimal “error rate” I am
experiencing, WITHOUT April Targets, is not
a fluke

x| he next slide summarizes these
calculations

————————
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Recon 3D

“Accuracy”/Error Rate - Calculation Summary

*Assume a max error of -/+ 3%
*\What does that do to the speeds?

IPTM 2024 Ped Crash Test Calculations

?Lawn Dart Formula = Speed = (3.87*Distance)/SQR(Dist +/- Height)

[Assume Height=0 Lawn

I Recon-30 measurements Dart

| Throw Skid Measurement| RADAR Speed skid

! Feet Feet Error % MPH MPH Error-3% Error +3% f=0.6 =75

CT 1 96.20 69.6 -2.00 34 38.0 6.8 39.1 35.4 39.6

:CT 2 107.30 1.30 a3 401 38.9 41.3

SCTB 88.76 2.80 34 36.5 35.4 37.6

:CT 4 113.50 0.07 39 41.2 40.0 42.5

ECTS 102.30 -1.60 432 35.1 38.0 40.3

:CTEr 70.40 -1.60 32 32.5 31.5 33.4

c17 F7.00 -0.30 42 34.0 32.9 35.0

:CTE 97.68 0.90 42 38.2 371 354

cT9 84.20 1.40 32 35.5 3a.4 36.6

| SRS
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Recon 3D

“Accuracy”/Error Rate

*»IF you mark out a known distance at a
scene, you can then determine a error
rate for your scan as was done in the
examples

*HOWEVER, note the first two
examples, different error rate for two
measurements in same scan.

*Your error rate will be determined as
much or more by the “points” you
pick, or are allowed to pick, as it is by
the scan itself.

————————
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Cloud Compare

Trim, Clean, Scale

»Now that you have a Point Cloud,
What next??

| i
L
+-
L #
T
|||||||| :l'l
(n]
™ ' =
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Cloud Compare

Trim, Clean, Scale

»*One piece of software that will allow
you to view and edit the point cloud.

»Once you have the E57 file, processed
on either your device or the cloud, it
needs to be cleaned up and scaled to
the preferred units (if using Cloud
Compare). The units when first
imported into Cloud Compare is
METERS.

*1 Meter = 3.28084 feet

L}
x»1 Meter = 39.37008 inches
————————
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Cloud Compare

Trim, Clean, Scale - Unit Conversion
*1 Meter = 3.28084 feet

*1 Meter = 39.37008 inches

* [ hese conversions come from a utility
software program called CONVERT

Convert

Force ] BTSN R 7 P-OR N = =/ (R = -y | Speed |

Temperahy) About ] Etergy ]

Acceleration | ice | Flow |
Conver t

et =11 ‘ersion 4.05

furlong Copyright ©1336-58 by Jozhua F. Madizon

hectomett

I
Inpiat; |-| ! meter [m]
Olutput: Jgg_gmgg ihch
————————
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*

*

*

Cloud Compare

Trim, Clean, Scale - Unit Conversion

1 Meter = 3.28084 feet
1 Meter = 39.37008 inches

Keep in mind that when you have done a
good job, the other side will attempt to
“blow smoke” and confuse the issue. So, be
aware, there are other interpretations of
what the conversion “should” be. Google
“meter to inches” to see some of them. In
the end, these other conversions amount to
“how many decimal places does your
calculator display?” i.e. -"The speed of the
vehicle calculates out to EXACTLY
33.45672319 mph ..... exactly.”

outhwest Assoc
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Cloud Compare

Trim, Clean, Scale

x»Most "Good” CAD software packages
have the capability to handle Point
Clouds. Cloud Compare is being used
here because it is, well, "FREE"”, and is
also a well featured piece of software.

»Cloud Compare can be downloaded
from -

https://www.danielgm.net/cc/release/
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Cloud Compare

Trim, Clean, Scale

x I he first video will illustrate what
needs to be done.

xPlease note, when trimming, to place
points, left click on your mouse, to
“close” a “loop”, right click on your
mouse.

% Play Video 1 in “Cloud Compare videos” folder - All videos are without
sound, you just have to watch the mouse movements.

————————
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Cloud Compare

Trim, Clean, Scale

* [ he second video shows the same
vehicle after the crash test, trim,
rotate, and scale the point cloud.

% Play Video 2 in “Cloud Compare videos” folder

————————
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Cloud Compare

Trim, Clean, Scale

*Now that both vehicles are trimmed,
they need to be aligned so that a
crush “slice” can be generated.

% Play Video 3 in “Cloud Compare videos” folder

————————
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Cloud Compare

Trim, Clean, Scale

x»0Once aligned, a slice can be taken
from which crush measurements can
be obtained.

% Play Video 4 in “Cloud Compare videos” folder

————————
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Cloud Compare

Trim, Clean, Scale

*Once a slice has been obtained, and
the vehicle is aligned along with the X-
Y Axis, crush measurements can be
obtained

% Play Video 5 in “Cloud Compare videos” folder

————————
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Cloud Compare

Crush Measurements

xFinal Crush Measurements for all 6
vehicles involved in the three SCARS
Crash Tests conducted in July 2022
follow

»As stated on the slides -
* The X dimension = the Crush Depth

* The Y dimension = the incremental Crush
Lengths

x The UNITS = inches
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Distance! 18695572

3.762146
18,313435
0.002993

J.266106
-21.053057
0000000

8116676
" -11.086023
0, 000000

x\V/1 Crush Measurements

15695873
3762147
15.313435

i 21304928
| a.zeelog
@ 21.053057

13,739736

e B 116676

11086023

Diskance; 15186752

15674080
-6.174544
[.000000

15.186752
13.874886
174544

Cloud Compare

Crush Measurements

V1 -
Ford Police Interceptor
Dlan-cfs:.él:;u?u?szz A 15.100622 X= depth

0.577459 Wb 15,089577 y Eength

-0i0004e2 0577460

19340561 PR 19.347061 units = inches

& -0.501520 18.5340561
-0,005009 0.501545

16.084108
| 15909844
2.897552

_— e —
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Cloud Compare

Crush Measurements

x\V/2 Crush Measurements

Diskance: 9445478
A -5.440754
W -0, 7a0a01
-0, 057818

-12.64 3806
-0.211395 ¥
-0.011322

9445235
9,440995
0298702

12645574
12645811
0.211698

Distance: 2.077488
-2.066410
0.214119
-0,007305

Liskance: 7. 330304
#l -7 320520
-0, 106579
-0LB01709

o 2077474
i 2066425
o 0214261

7330304
7329529
0. 106593

Disbance: &,.544655
6836953
-0,324535
0.007751

Distance: 2, 919445

2915138
0,157402
0,018898

£.844651
£.836947
0,324628

Distance: 14, 250357
8685938 14242554
-11.285085 Bl G 701773
0472435 11,294950

20,188545
| DEd2im
20.172897

1.559591 13716632
-13.585854 ) 1896377
0.180275 13,556800

Distance: 10:483012
el -0.029781 10451552
& -10.481510 0177466
0.174950 10482970

Distance: 2.386329
0144287 2.378537
2. 374157 | 0241303
-0.193420 2,382023

Distance: 29.196689
i [L125008 29,1907 16
-20,190449 | 0.603632
0:590546 29.196421
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V2 -
2015 Charger

X = depth
y = length

units = inches




Cloud Compare

Crush Measurements

x\V/3 Crush Measuements

Distance: 10.174626

10174619 _ Distance: 5928255
9,523721 = 5.758362 & 5. 755350
3.580772 | 0.017975 5. 928226

] -1.405947 & 1409062 V3 - MKZ
-4, 708252 . 0GRS : e 4 x = depth

4. 113586
~4.247223 § 4.756361

-0,674568 4,300458 . P - Y= |ength

-0.383797

Distance; 6109608 ] T units = inches

-Z.867340 6. 092764 112153352 11225838
-5,375885 | 2,902955 0485550 11.265369

0453331 5.394965 1.060604 1. 166465

Distance: 23435577
-3, 305225 23428261
-23.108887 3.899437
10,585537 23116308

Zigdan el Distance: 11.556271
22232:;3 22:2;2:2: 11452240 FERQ 11.551375
1510447 | 11457174
Distance: &, 406820 -0,336235 1547128

5, 055054 — =

£, 709671 = Distance: 14.127794
01,:317898 14.095428 14,127794
i 0,855750 | 14.095428

Distance: 17. 067657 : 0.002407 0955753
& 16423340 17065754

- 638412 § 16425267
0252822 4,645303
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Cloud Compare

Crush Measurements
*xV/4 Crush Measurements

V4
2015 Charger

Distance; 16.537451
“3.832336 16.526455
16.075974 & 3.879473

0.602951 I 16,087276 x = de pth
Ciskance: 8423402
el -G 406364 BiRAl G 425400 y = IEngth

0.5535454 o O.406365 '
0004515 & 0.535475 Distance; 35, 106165

-0.872993 35090218 units — inches

35.073357 1371775

Distance: 8.054028 1,0568132 35.095310

-3.021873
| 0441753 [
0.003502 Wl 0.441767

Distance: 27,189638

0.161:301 27 189630
27189155 0.161400
0005657 27159159

————————
Southwest Association of Technical Accident Investigators - 2024 Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
125



Distance: 20, 206424
19, 049256
-6, 735336
-0L243973

Diskance: 23.3795598
-6, 166641
-22.551224
-0.143051

Distance: 30,937367
5449326
& -30.449997
0.472435

Distance: 17.265250
155419006 B

~7alesT
0.317337

Cloud Compare

Crush Measurements

20, 204950
19.050545
6, 739754

23.379160
8 5.168300
22.551678

30,935760
5465766
30453663

17 262353

B o

Frea0al

xV5 Crush Measurements

10.225525
N 0.172264 |
-1, 385060

Distance: 13847849
15823475
-0,698097
-0, 432564

Distance; 7, 752984
7627559
0.435138 |

-1,297455

| 10232921 V5 -

10.226976

Mazda 626
X = depth
y = length

13 841090 units = inches
13830241
0.521250

7 E43649
7. 736864
1.389795
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Cloud Compare

Crush Measurements

x\VV6 Crush Msurements

Distance: 19,979952

19,979952
& 15.371902
12, 763397

v6 -
2016 Charger

Distance: 13.241976
W 13241706 BEH 15241976
(.140584 NG 13241286
{1,000000 0, 140854

07259521
=30 752504
-0, 700634 [

Al 301,753399
| 0832138
30, 7EZ46E

X = depth
y = length

units = inches

Distance: 8338675
ol -5,337860 ik
0.116547

W 5. EEE6TS

| &,337860 Distance: 57.659965
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N 57520054
0,975893
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2123540
57629269
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Cloud Compare

Supplemental Material - Exemplar Vehicles

»\When working in a Crash Test
environment, I/you have the luxury of
scanning the vehicle Pre-test as well as
Post-test.

»But what do you do in a “real” crash to
get your exemplar, undamaged,
vehicle?

*YOU can search around and tray and
find one that the owners will allow you
to scan. OR ......

III

Sout

128
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Cloud Compare

Supplemental Material - Exemplar Vehicles
xLightpoint - i.e. - Lou Peck

* https: //Ilghtpomtdata com/laser scanned-exemplars#!

& C A& lightpointdata.com/laser-scanned-exemplars#l/c/74140053 G = w #% 0O 9

HOME / PRODUCTS / EDUCATION / NEWSLETTER / PODCAST / ARTICLES / COMPANY

Click below to
1,260 Exemplars Currently Available ($545 for most models) request:

BLACK BOX RECOVERY

How can we help?

Copyright 2024 - All Rights Reserved - 4N6XPRT Systems

By using this website, you agree to our use of cockies. We use cookies to provide you with a great experience and to help our website run effectively.

Southwest Asociation of Technical Accident Investigators -2024

129



Cloud Compare

Supplemental Material - Exemplar Vehicles
xCar-clouds.com

% https://car-clouds.com/

[ 8 car-clouds.com/pages/about

% Bookmarks g Contacts-D3 # Products « 4NEXPR. @ Recon 30 Admin ! Authorize NET £ 4NGXPRT Systems |.., MNew. Car Research MNHTSA TAX 1PTM » h

r Vehi Suvs Light & Medium Trucks

. CAR CLOUDS

Heavy Trucks & Buses Trailers Motorcycles Other About Contact

About Us

Car Clouds is dedicated to offering high-quality 3D laser scanned point

of vehicles te the accident reconstruction, 3D modeling, video game,

clouds

and digital art industries.

Our extensive (and growing!) library of scans covers common interchanges of

passenger cars, as well as a huge selection of medium and heavy-d

commercial vehicl h y ‘equipment, trailers, moto es, and
even mobilit ices. Most vehicles include inte to

Copyright 2024 - All Rights Reserved - 4N6XPRT Systems
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Cloud Compare

Supplemental Material - Exemplar Vehicles
*4N6XPRT Systems

*xhttps://www.4n6xprt.com/point-clouds/

& dnbxprt.com/poini-clouds/

& Contacts-Di [E] Catendar

A Products e ANGXPR.. @ Recon30 Admin [ Authorize NET A 4NEXPRT Systems . Neiw Car Research NHTSA

4AN6XPRT /\/ Providing vealcle dimensional dats, VIN Decod!

ing
[ iy 2\ ana NHTSA Ceash Test Results 18 & Service 1o the Litigatian Comaniaity
Systems®

AEPAT Eyiomms STalen

A= ="

e !
e Ch=2 *

Point Clouds

Year Make Model Body Style Generic Style

| Ay Year '| ‘ All Makes -| ‘ All Models " | Any Body Style " | Any Style -

————————
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Cloud Compare

Supplemental Material
* WWW.4n6xprt.com/SATAI_2024.htm

Daniel W. Vomhof 111

Precentation Materials for

SATAI 2024
Recon-3D & Cloud Compare for Vehicle Accident Investigators

Download Recon-3D & Cloud Compare Presentation - 1 Slide per page

Recon-3D supplemental Videos/Material

2010 Hyundai Elantra "Walk Around” Environment - Footpath near Cape Corsl Flonda
Walk Arcund 3P4 video Scan Saettines for this SCENE sedn
Walk Around ES7 Pomt Cloud - BAW Video produced by scannms
Footpath E57 Pomt Clowd - RAW

Cloud Compare Instructional Videos

Movies - No Sound - Of Mouse Movements and Screen Menu Commands/Key Strokes

Plezse note that the videos mayv tzke some tiree fo download

Video 1 - Trim, Align, and Scale Pre Test (Exemplar) Vehicle

————————
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®) LIGHTPOINT

SPEND YOUR TIME ELSEWHERE.

If you've ever tracked down an exemplar, you
know it takes hours of searching for the perfect
model, awkward conversations with dealers,
and usually some cash to persuade the owner.
Then back at the office, it takes a couple more
hours to stitch and clean the data.

“Time is the most valuable thing a person can
spend,” don't waste yours doing work that's
already been done.

Lightpoint is the gold standard of exemplars.
All vehicles are measured with a top of line
scanner, Leica’'s RTC360, so no one in the
community has to do it again. Our exemplar
package includes high quality photographs, a
point cloud file (.PTS format), a registration
report from Leica’s Cyclone, VIN info, and an up-
to-date calibration certificate for the relevant
scanner.

www.lightpointdata.com



CAR CLOUDS

—— SCANS IN SECONDS ———

Scan to visit car-clouds.com

Car Clouds is dedicated to offering high-quality Leica and FARO 3D
laser scans of vehicles, registered with forensic accuracy.

Our growing library of 750+ scans covers common variations of:

= Passengercars

* Medium & heavy-duty commercial vehicles
» Heavy equipment, trailers

= Motorcycles, bicycles, mobility devices

The same scans you make for your own cases, downloaded in seconds!
When time and efficiency count, car-clouds.com is at your fingertips.




THE PRODUCT

We are now offering a new resource to our
customers at what we believe to be a reasonable
price. We are currently offering our models for
the price of $100.00 USD per model.

The models are to be purchased through the
online shopping cart, and downloaded directly
to your computer. We have placed no “locks”
on the actual models, so our anticipation is that
there is no need for you to purchase more than
one of any model at a given time, as you can
just reuse the single model purchased (as long
as you don’t make significant editing changes).
If you do happen to some how mess up the
purchased model, you can download the
purchased model up to 5 times within a 90 day
time period.

The point cloud models are just that, point clouds.
We do not offer the models in a mesh format at this
time.

Our intent in offering this new service/product

is to:

* Provide exemplar Point Clouds to our customers
in a somewhat “universal” format (E57).
The point cloud format can easily be
converted using a program called CLOUD
COMPARE if the user has a need to do so.
This program can be downloaded at no
charge from the internet.

* Provide the models at a reasonable cost,
especially for the lower budget cases.

* Provide something that is Ideal for use as
exemplars for crush analysis.

* Allow users to obtain detail dimensions not
readily available through other means.

CAUTIONS & LEGAL STUFF

® Denotes a Trademark registered with the
USPTO. All of the program materials are
copyrighted under U.S. and International Law

* The E57 Point Cloud model is being
provided “As Is”.

* We are not responsible for the mis-use or
mis-representation of the scan data provided,
nor the information extracted based on that
mis-use or mis-representation.

* The Scan units were “inches”. Depending
on your Point cloud program, the import units
may be Meters, Inches, or Feet. You should be
sure to check a “known” dimension, such as
wheelbase, to verify what your Point Cloud
units are before working with the point cloud.

* The Point Cloud is provided “As
Scanned”. No Scaling has been done to the
point cloud. If “exact” measurements are
important to you, it is suggested that you scale
the Point Cloud to match published or measured
Overall Length, Wheelbase, or some other
dimension that is important to you.

* Some manufacturers have production
“problems” (eg — “deer hunter”/”’deer hunting
season” production or last minute design
changes) which lead to dimensions on the actual
vehicle which may differ significantly from
published information for a specific vehicle,
make, or model series.

* You DO have the right to bill your
clients for the Point Cloud model as an expense.

* You DO NOT have the right to resell the
point clouds purchased from us as your own
product.

POINT
CLOUDS

offered by

4N6XPRT Systems®

8387 University Avenue
La Mesa, CA 91942
Phone: (800) 266-9778
Fax: (619) 464-2206

email: 4n6@4n6xprt.com

www.4N6XPRT.com
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http://www.4N6XPRT.com

You can enter the Point Cloud Shopping Cart
page through two different “portals” on our web
site, one along the top menu bar, the other down
the right side menu bar.

INBXPRT o veuin s

Systems® 7 ¥ O B s csenns

oot
s =

19-464-3478

Access the Point
Cloud Shopping
Cart Through either
of these "portals™

Accident Reconstruction Software & Investigation

Software

After entering the shopping cart, you are able to
filter the available models, or just scroll down
to view.

ANGXPR

Systemas!

T A v

FILTERS:

YEAR - will bring up all
available models where the
year range spans the selected
year

MAKE - Will bring up all
the models available for a
given manufacturer.

MODEL - The filter is set
for a “base” model. So, for
instance, ATLAS will bring
up all of the ATLAS and
ATLAS CROSS models for
Volkswagen, as well as any
other manufacturers which
have a model with ATLAS in
the model name.

STYLE - This is meant as a
generic classification - Car
Truck / Utility / Van.

As 0f 4-20-2024 we have 33
models available for sale and
download. We will be adding
additional models weekly for
the foreseeable future.

12 of the models we have
already uploaded can be seen
to the right.

3 Civic type B Se0an - Whits
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Disclaimer

The information contained in this presentation was obtained from sources that to the best
of IPTM's knowledge are authentic and reliable. IPTM makes no guarantees of results and
assumes no liability in connection with either the information contained herein or material
presented by the instructor. Moreover, it cannot be assumed that every acceptable
procedure has been presented or that some circumstances may not require additional or
substitute procedures. Students are reminded that statutes, ordinances and agency policies
will differ widely and wherever these are in conflict with the information contained in this
presentation, the former should govern. This presentation may contain materials created by
others. Such materials may be copyrighted by the original artist/owner. Such material is
used under a claim of fair use pursuant to the Fair Use guidelines in instructional education
activities. Other materials may be copyrighted by the presenter. Additional use of any of
the materials herein is prohibited without expressed written consent of IPTM and/or the
presenter.
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Symposium on Traffic Safety

NO PRODUCT SPONSORSHIPS

Z
June 26-29, 2023 | Orlando, Florida

No hardware, software, or services mentioned in
this presentation have been freely provided by
the respective manufacturers, authors or service

providers.

All items discussed reflect my personal research,
and all items demonstrated have been purchased

without any discounts or preferential
agreements.

Symposium on Traffic Safety



UPDATED THEME FOR THIS PRESENTATION

June 26-29, 2023 | Orlando, Florida

Due to the rapidly-growing interest and acceptance
of the iPhone/iPad LiDAR scanner over the last year,
in the Traffic Crash Reconstruction industry, this
presentation will now emphasize real-world LiDAR
utilization instead of providing a more basic
introduction to the technology.

As such, this presentation may encompass a shorter
presentation time than allocated in the schedule.

Symposium on Traffic Safety
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UPDATED THEME FOR THIS PRESENTATION

Interestingly, the Crime Scene Investigation industry
is still evaluating this technology, and still worried
about the (non-existent) circumstance of having
cellphones “inspected” by Criminal Defense
Attorneys.

We can discuss why this issue is unfounded ... for
CSl’s as well as Crash Reconstructionists ... if you are
interested, just let me know.

Symposium on Traffic Safety
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SYMPQSIUM ON
TRABFIC SAFETY

{
June 26-29, 2023 | Orlando,

This audience, regarding iPhone/iPad LiDAR:

(time to raise your hands, since everyone LOVES
to participate ® “@)

How many currently use LiDAR?

How many do not use, but are familiar with
the LiDAR features?

How many think LiDAR is a simple cellphone
novelty and not a useful tool?

How many work for an agency not allowing
cellphone use?

Symposium on Traffic Safety
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This audience, regarding iPhone/iPad LiDAR:

Brief Scanning Demo

(if everything works!)

Symposium on Traffic Safety



LIDAR
Light Detection and Ranging

Similar in scope to...

Radar ... Radio Detection and Ranging
Sonar ... Sound Navigation and Ranging

Symposium on Traffic Safety
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LIDAR

Introduction Also called "laser imaging, detection, and
ranging” or simply “3-D Laser Scanning”

Z
June 26-29, 2023 | Orlando, Florida

Wikipedia

“It is a method for determining ranges by
targeting an object or a surface with a laser and
measuring the time for the reflected light to
return to the receiver”

Developed in 1961-1963, soon after development
of the laser.

Symposium on Traffic Safety
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LIDAR

Introduction LiDAR is now commonly used in...

* Surveying

 Archaeology

 Geology

* Forestry

* Airborne mapping - topography

* Airborne mapping — littoral
 Artificial Intelligence / Machine Vision
 Automated/Autonomous Vehicles

Symposium on Traffic Safety
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’. LiIDAR consists of an “emitter” element that
et projects an infrared laser pattern onto a target

Introduction

LiDAR Hardware Su rfa ce.

The surface must be within a physical range
consistent with the output power of the
emitter.

A receiver element detects the reflected light
and processes it to calculate and obtain the

desired output.

Symposium on Traffic Safety
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Introduction

Emitter range...

* Higher power = longer range = greater cost
* Lower power = shorter range = lesser cost

e At present, the well-known brands of large
laser scanners are still required for wide-
area and/or distant targets.

Symposium on Traffic Safety
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Introduction

LiDAR Scanner

4

Note: Graphics obtained from various webpages reporting on this topic.
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June 26-29, 2023 | Orlando, Florida

Introduction
LiDAR Hardware
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Note: Graphics obtained from various webpages reporting on this topic.
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o
5

@ of Ao
« A

Direct Time-of-Flight

Detected
light echo

A
« time-to-amplitude Transimpedance %
converters (TACs) amplifier- comparators 3
« time-to-digital + Avalanche quenching
converters (TDCs) circuits Histogram of time of arrival
of reflected photons from
Time-stamping circuits Typical front-end circuits target 1 >

I Time-correlated single-photon counting (TCSPC) |

C. Bruschinl. P. Padmanabhan, E. Charbon - SENSE Detector School ~ Schioss Ringberg, 20th June 2019

EPFL Advanced Quantum Architecture (AQUA) Lab

Note: Graphics obtained from various webpages reporting on this topic.
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Typical 3D Sensing Systems amin

Modules for 3D Sensing Platforms e

m—ry e

w o}
¢ ;5 =

= Pattern projector (dots or masks): » 2 NIR cameras, RGB camera (optional) » Distance estimation by stop-watch (dToF) or
pre-defined, randomized pattern - Depth calculation by triangulation phase shift (iToF):

« NIR camera for pattern imaging - Dot-pattern projection for texture and « 1D Direct ToF (dToF): SPAD pixel

« Depth calculation by triangulation disparity computation enhancement = 2D/3D Indirect ToF (iToF): Demodulation pixel

* IR illumination: Fast-pulsed and/or modulated light

Note: Graphics obtained from various webpages reporting on this topic.
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Introduction
LiDAR Hardware

R3D TARGET KIT

The Recon-3D target kit provides the user with a set of

different sized AprilTags to use in their scanning workflow. A

set of magnetic targets can be placed on vehicle bodies or
metal door frames while the vinyl sticker targets are useful to

affix to metal, plastic or wood surfaces.

Target Kit includes:
2 x 8" Magnets

2 X 6" Magnets

2 X 4" Magnets

2 x 6" Vinyl Stickers
2 x 3.5" Vinyl Stickers
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Introduction

LIDAR Hardware The iPhone and iPad LiDAR first appeared on

LiDAR Background

iPhone/iPad “Pro” versions (Pro and Pro Max),
beginning with the iPhone 12 in 2020.

App development followed, with mostly

novelty Apps appearing in the App Store by

2021, and more useful Apps appearing in
2022.
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,, Initial Apps, and many current Apps, are
bt architectural in nature... geared toward

Introduction

LIDAR Hardware interior home and room measurements.
LiDAR Background

The first “forensic” App was Recon-3D by
Eugene Liscio, P.E., released in 2022, after an
extensive beta-test period.

Scanning technology continues to evolve, with
photogrammetry, GPS, and other features
being integrated with lasers.
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Introduction
LiDAR Hardware
LiDAR Background

Recon-3D continues to evolve as well, and is
currently enjoying widespread testing,
evaluation and real-world academic and
casework use in the Recon field.

For example, Daniel Vomhof, a crash test
team member at this conference, has
already scanned an estimated 400 hundred
vehicles with Recon-3D at crash-testing
conferences around the country over the
last year.
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Introduction
LiDAR Hardware
LiDAR Background

Discussions about 3-D scanners in cellphones
began over a decade ago.

Apple, Samsung, Microsoft, Google and others
received many “new feature wanted”
recommendations for a scanner ... but NOT for
practical consumer or professional use.

Instead, recommendations were for integration

with GAMES, so kids could scan their own
environments and create personalized gaming

architecture.
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If anyone in today’s audience was an attendee at
“iPhone Apps for Crash Reconstruction”

Z
June 26-29, 2023 | Orlando, Florida

Introduction conference presentations for IPTM many years
LiDAR Hardware
LiDAR Background dg80 ...

.. you heard me predict that future crash and
crime scene investigations will have a phone or
similar device capable of high-resolution scene
photos, videos, and 3-D scene
documentation/measurements.

Back then, this was dismissed as a toy or novelty
feature, not a viable professional tool.
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\ Regarding having a scanner as an input source for
it | kid’s games, the increase in school shootings and
e other juvenile crimes resulted in a marketing shift

LiDAR Hardware
LIDAR Background by the various phone and software companies.

No one wanted a headline reading something
like, “School Shooter Planned Escape Route by
Scanning Floorplan with iPhone App.”

Thus, the scanner feature emphasis shifted to
consumer and possible professional use.
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Introduction
LiDAR Hardware
LiDAR Background

Sample Apps

Apple App Store Sample Titles

3D LiDAR Scanner

3D Scanner App

CamToPlan — 3D Scanner & LiDAR
Canvas: LIDAR 3D Measurements
Dot3D — LiDAR 3D Scanning
Magicplan

MagiScan — Al 3D Scanner app
Metascan — 3D Scanner

Modelar — 3D LiDAR scanner
Pix4Dcatch: 3D scanner
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Introduction
LiDAR Hardware
LiDAR Background

Sample Apps

Apple App Store Sample Titles

Polycam 3D Scanner

Qlone 3D Scanner

RealScan — 3D Room Design
Recon-3D

RENDR: Floor plans in seconds
RoomScan Pro LiDAR floor plans
Scandy Pro: 3D Scanner, 3D App
Scaniverse — 3D Scanner
ScanKit

SiteScape — LIDAR 3D Scanner
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Andrew S. Rich, BSME, ACTAR, ASE

Rich Consulting, LLC

Recon3D | Recond Recon3D |Recon 3D
Total Station| Wheel |RC Ortho RTK w/ 3D NO Wheel |RC Ortho RTK NO with
Targets | Targets Targets | Targets
50 49.96 50.375 | 49.927 49.91 50.22 49.74 0.41 -0.03 -0.05 -0.22 0.26
100 99.95 100.71 99.966 99.95 100.17 99.47 0.76 0.02 0 -0.48 0.22
150 149.96 151.16 150.04 149.97 150 149.19 1.20 0.08 0.01 -0.77 0.04
200 199.92 201.375 | 200.012 | 199.94 199.91 198.95 1.46 0.09 0.02 -0.97 -0.01
GCP1 to GCP2 76.6 N/A 76.565 76.47 N/A -0.03 -0.13
GCP1 to GCP3 125.94 N/A 125.951 | 125.93 125.47 N/A 0.01 -0.01 -0.47
GCP1 to GCP4 228.57 N/A 228.578 | 228.54 | 228.39 227.34 N/A 0.01 -0.03 -1.23 -0.18
TltoT2 201.779 N/A 201.956 N/A 201.8 200.82 N/A 0.18 N/A -0.959 0.021
RMS Error | 1.04 ft 0.08 ft 0.05 ft 0.80 ft 0.16 ft
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Andrew S. Rich, BSME, ACTAR, ASE
Rich Consulting, LLC

1.60
140
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— 1.00
+ 0.80
w 0.60
0.40
0.20
0.00

Wheel Error Vs. Distance

50 100 150
Distance (ft)

y =0.0071x + 0.0677 Recon 3D NO Targets Error Vs. Distance
R? = 0.9907
0
@ 0 50 100 150 200
g 0.2 .
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Forensic Imaging 32 (2023) 200535

Contents lists available at ScienceDirect

26-29, 2023 | Orlando, Florida Forensic Imaging

Forensic Imaging

journal homepage: www.sciencedirect.com/journal/forensic-imaging

)
>ample Apps Using the iPhone’s LiDAR technology to capture 3D forensic data at crime | &&&

Measurement Studies ard gradh sremEs

Soéren Kottner , Michael J. Thali %, Dominic Gascho

& Zurich Insti of Forensic Medicine, University of Zurich, Winterthurerstrasse 190/52, 8057 Zurich, Switzerland

ARTICLE INFO ABSTRACT

Keywords: Background: Three-dimensional (3D) documentation of crime and crash scenes is common practice during
Recon3D: forensic and medicolegal investigations. Such documentation at a scene is usually carried out by specially trained
Forensic imaging personnel using various 3D imaging devices and methods, such as terrestrial laser scanners. Unfortunately, this

Forensic dommeniation causes the implementation of 3D documentation at the scenes to be expensive and not readily accessible. In 2020,

:g ;aal:;:;g Apple introduced a light detection and ranging (LiDAR) sensor into their high-end mobile devices. In 2022,
3D documentation Recon-3D, an iOS application (app), was launched. This app turns an iPhone or iPad into a 3D scanner and is
Photogrammetry specifically targeted at crime and crash scene applications.

Smartphone Objectives: The aim of this study was to test the Recon-3D app based on exemplary scenarios to see whether this
Tablet technology is generally applicable to document crime or crash scenes.

Time of flight Materials and Methods: An iPhone 13 Pro in combination with the Recon-3D app was used to document two

indoor scenarios, a mock-up crime scene and a garage, as well as an outdoor scenario of a parked car. Each
scenario was documented multiple times.

Results: On average, data acquisition for one scene took less than 2 min. Known distances within the scenes were
measured with a mean absolute error of 0.22 c¢m and a standard deviation of 0.18 cm.

Conclusion: The imaging workflow was simple and quick, enabling any person to perform 3D documentation at a
crime or crash scene. Overall, Recon-3D appeared to be a useful application for forensic investigators.
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ABSTRACT

Background: Three-dimensional (3D) documentation of crime and crash scenes is common practice during
forensic and medicolegal investigations. Such documentation at a scene is usually carried out by specially trained
personnel using various 3D imaging devices and methods, such as terrestrial laser scanners. Unfortunately, this
causes the implementation of 3D documentation at the scenes to be expensive and not readily accessible. In 2020,
Apple introduced a light detection and ranging (LiDAR) sensor into their high-end mobile devices. In 2022,
Recon-3D, an iOS application (app), was launched. This app turns an iPhone or iPad into a 3D scanner and is
specifically targeted at crime and crash scene applications.

Objectives: The aim of this study was to test the Recon-3D app based on exemplary scenarios to see whether this
technology is generally applicable to document crime or crash scenes.

Materials and Methods: An iPhone 13 Pro in combination with the Recon-3D app was used to document two
indoor scenarios, a mock-up crime scene and a garage, as well as an outdoor scenario of a parked car. Each
scenario was documented multiple times.

Results: On average, data acquisition for one scene took less than 2 min. Known distances within the scenes were
measured with a mean absolute error of 0.22 cm and a standard deviation of 0.18 cm.

Conclusion: The imaging workflow was simple and quick, enabling any person to perform 3D documentation at a
crime or crash scene. Overall, Recon-3D appeared to be a useful application for forensic investigators.
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8. Kottner et al, Forensic imaging 32 (2023) 200535

a

[ .
Fig. 4. Screenshots of the 3D point cloud from the garage. Views of the scene from different angles are given in images a - ¢. The point size of the data points was
i d to provide a better visualization of the data.

Fig. 5. Screenshots of the 3D point cloud from the parked car. Views of the car from different angles are given in images a — ¢. The license plate has been painted over
to hide the original license plate number. The point size of the data points was i d to provide a better visualization of the data.
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% Accuracy and Repeatability of Mobile Phone LiDAR
INTERNATIONAL: Capture

Seth Higgins Miller, Alireza Hashemian, Robert Gillihan, and Saylor Benes J.S. Held LLC

Citation: Miller, S.H., Hashemian, A., Gillihan, R., and Benes, S., “Accuracy and Repeatability of Mobile Phone LIiDAR Capture,” SAE
Technical Paper 2023-01-0614, 2023, doi:10.4271/2023-01-0614.

Received: 01 Nov 2022 Revised: 09 Jan 2023 Accepted: 31 Jan 2023
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Recon-3D Measurement Accuracy Study for Small
Scenes
Eugene Liscio & Jihwa Lim

ai2-3D Forensics, Ontario, Canada

ABSTRACT

Recon-3D is an iOS mobile application dedicated to crash and crime scene documentation of small scenes,
which fuses the Light Detection and Ranging (LiDAR) sensor and video frames to reconstruct 3D geometry
as point clouds. In a recent training course, sixty students were asked to set up a mock scene with numbered
measurement markers, scan the scene with their mobile devices, and provide 10 measurements between the
numbered measurement markers in their scenes (n=600). The results of these measurements were compiled
and tabulated for accuracy. The average error of all participants was found to be approximately -2 mm with
a standard deviation of 15mm. The mean absolute error was found to be approximately 1cm and the maxi-
mum error for any one participant was 10 cm. Expressing the errors in terms of percent, the average error
for all participants was approximately -0.078% with a maximum percent error of 2.83%. Although these
measurement exercises were uncontrolled, they show that the majority of errors (20), fell within 3 cm. Future
studies using point-to-point measurements should include repeatability tests in a controlled environment as
there were several variables which were unaccounted for in this study.

Keywords: LiDAR, crime scene investigation, crime scene reconstruction, forensic science

Introduction

Crime and crash scene documentation has  their individual limirations whether it be cost,
benefited greatly by the use of total stations,  maintenance, portability, required level of
terrestrial LIDAR scanners (TLS), and the use  training, or flexibility. Usually, the technology
of photogrammetry. These technologies offer  is available to a dedicated group of individuals
ways of documenting scenes in a highly detailed ~ who have access to the equipment and have
and efficient manner. Past studies have focused ~ been properly certified and trained.

on LiDAR technology and photogrammetry in One of the most limiting factors for smaller
applications such as collision reconstruction,  companies and police agencies is cost. Many
crime scene documentation, bloodstain pattern  investigators and private forensic engineering
analysis, and bullet trajectory analysis. There  firms have been searching for low-cost
has been great acceptance of the TLS and  tools which can provide 3D documentation
photogrammetry in the forensic field, especially  capability within a reasonable margin of error
the use of aerial imagery from drones in crash  and accuracy. In this regard, photogrammetry
scene scenarios. These technologies all have is a strong contender since it requires the use of

J Assoc Crime Scene Reconstr. 2023:27 1

Original Article
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were given instruction on how the LiDAR
sensor works, the use of the app, settings,
scanning in varying situations, and how to take
measurements using CloudCompare software.
Students were also required to complete an
assignment as part of the class certification with
instructions as follows:

1. Choose an indoor or outdoor area to scan
using Recon-3D.

2. Place 10 numbered measurement markers
(provided in a ppr and printed on
paper) throughout the scene in random
positions to include horizontal and vertical

measurements. Markers were to be secured
using tape or placed on a surface where they
would not move during the measurement

Ficure 3: AprilTag used in Recon-3D.
S exercise. Example layout of targets shown

in Figure 4.

AprilTags which have been placed in the
scene. As a best practice, the larger the spacing
between the AprilTags, the improved error
reduction. Once the data is finished processing,
the distance between AprilTags is automatically
adjusted for scale based on the user’s input
reference distance. In cases where a reference

3. DPlace two AprilTags in the scene as far
apart as possible.

4. Manually measure the distance between the
two AprilTags and 10 of the measurement
markers with a tape measure (or other
instrument).

5. Using Recon-3D, create a new scan and use

at least a 5 mm resolution.

Enter the reference distance between the
two AprilTags.

7. Process the data on the cloud.

Once data is processed, download the data,
and import into CloudCompare.

In CloudCompare, record measurements
between the previously manually measured

distance is not available, the scaling of the object
is approximated by the distance measurements 6.
recorded with the LiDAR sensor, where the
accuracy and repeatability are not defined.

Method

In June 2022, a Recon-3D training class was 9.
held through an online platform and students

&

Ficure 4: Recon-3D data in CloudCompare software showing an example scene with
measurement markers and AprilTags.
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LiDAR Background

Sample Apps
Measurement Studies

Error (mm) Distribution, n=600
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Ficure 5: Histogram with a normal curve showing distribution of errors from student assignments, n=600.

Absolute Error (mm) Distribution, n=600
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Ficure 5: Histogram with a normal curve showing absolute errors which is a measure of the magnitude of errors
n=600.

Percentage Error (%) Distribution, n=600
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Ficure 7: Histogram with a normal curve showing the percentage of error distribution, n=600.

Absolute Percentage Error (%) Distribution, n=600
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Ficure 8: Histogram with a normal curve showing the absolute percentage error distribution, n=600.
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Introduction

LiDAR Hardware
LiDAR Background
Sample Apps
Measurement Studies

Other New Products of Interest

Moasure One

IIIIIIIIIIIII
moasure

Home Moasure ONE

WE'RE
DIFFERENT.
SEE HOW

O

moasure

25.31t

Perimeter - Base Layer

244.6ft (3317.5ft?)

Industries ™ Our Story

Contact Us

Moasure® ONE™

680 reviews

$449.00 USD Our views on quality

One-time price: No additional costs or monthly fees.

Moasure is the result of 20+ years of research, 10+
prototypes, and 1,800+ software iterations. All that in an

effort to deliver the world's first motion-measuring tool with
patented tech that provides incredible speed and accuracy. It
creates drawings as you measure anything from length, '
height, area, perimeter, angle, radius, gradient, rise, and run,
and exports measurements to the file type you need or to

your design software. And it's smaller than a tape measure.
But there’s so much more to tell you...

Continue Reading
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Introduction

LiDAR Hardware
LiDAR Background
Sample Apps
Measurement Studies

Other New Products of Interest

Moasure One

Measure & Draw Simultaneously

Effortlessly measure curves and free-form shapes. Simply trace
along the edges of an area using Moasure ONE to digitally capture
the shape and dimensions. Rapidly measure the perimeter and
calculate the area of curved lawns, pools and other shapes and

spaces - regular or irregular.

Is It Fast & Accurate?
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Other New Products of Interest

Moasure One

LiDAR Hardware
LiDAR Background

Measurement Studies
Phones with Other Devices Capture & Measure Changes in

Elevation

As you measure, you'll see Moasure draw a complete 3D site
model on your smartphone screen — in real time.

Using powerful motion-measuring technology, Moasure measures
its own position in 3 dimensions; capturing changes in elevation as : S : L 2 :
well as calculating area and perimeter — automatically and :_ = DI - B
simultaneously. e S T A N SR S22 i

View the distance, gradient, or rise and fall — or simply tap any
point on the measurement drawing to view the recorded X, Y, & Z
coordinate data.

You can now rapidly and accurately map a job site — complete with
area, perimeter and elevation in the time it takes to walk around.

Symposium on Traffic Safety



Symposium on Traffic Safety

Other New Products of Interest

! June 26-29, 2023 | Orlando, Florida NI 3 D
Introduction e a ZO r

LiDAR Hardware

LiDAR Background
Sample Apps MEAZOR 3D - Future Laser Measure

Measurement Studies

6-in-1 | 40m Multi-room Scan | Export to
CAD | 3D Obstacle Avoidance | 2mm

Precision | 3 Apps Integration

Pracarder New,
?}Jy;kt("iﬂ* der Now

Created by

HOZO Design. Co.

1.174 backers pledged HKS 2,853,853 to help bring
this project to life.

Last updated February 28, 2023
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Other New Products of Interest

Meazor 3D
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Introduction

LiDAR Hardware
LiDAR Background
Sample Apps
Measurement Studies

Other New Products of Interest

Meazor 3D

HOZO'| DESIGN

MEAZOR 3D

SALE % PRODUCTS - SUPPORT COMMUNITY . PARTNER- Q& ™

64 reviews

From $299.00 $349.00 ’

MEAZOR APP 2.0 available in iOS and Android

256 E Squire dr#1

S

&
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Other New Products of Interest

Ihtroducio — _i IVI atte r p O rt

LiDAR Hardware
LiDAR Background

Sample Apps
Measurement Studies

VAT EFQORTL
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Other New Products of Interest

Matterport

June 26-29, 2023 | Orlando, Florida

Simplicity through automation.

Cortex Al automates many steps in the model
creation process, including blurring faces as
needed, choosing the best images from your
scans, creating accurate measurements, and
identifying different objects.

Once you've finished scanning, Cortex Al allows
you to sit back and wait for your completed 3D
model to render.
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Introduction

LiDAR Hardware

LiDAR Background

Sample Apps
Measurement Studies
Phones with Other Devices
Further Research

Google Search Keywords for Additional Info,

none
none
none
none
none
none
none

v U U U U U U

IDA
IDA
IDA
IDA
IDA
IDA

IDA

Z{

Articles and Tests

R Emitter

R Time of Flight
R vs. Total Station

R vs. Laser Scanner ["brand name”]

R vs. Photogrammetry

R 3D Scanning

... and similar sample combinations
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Sample YouTube Videos of Interest
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Introduction
LiDAR Hardware
LiDAR Background

Sample Apps

Measurement Studies ”What IS L|DAR? (& Why is it on Apple Devices All
Phones with Other Devices )

Further Research of a Sudden),” from TheUnlockr

“Georeferencing iPhone 14 Pro LiDAR using
Targets,” from Rami Tamimi
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Sample YouTube Videos of Interest
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Introduction
LiDAR Hardware
LiDAR Background

Measurement Studies ”|Phone 14 Pro LIDAR vs. Survey Total Station
Phones with Other Devices
Further Research Accuracy,” from Rami Tamimi

“Recon-3D New Version Webinar,” from
Eugene Liscio
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Sample YouTube Videos of Interest

= ENtehin

Introduction
LiDAR Hardware

LiDAR Background ,.,

Samp|e Apps - . s @ e

Measurement Studies “An interesting discovery using iPhone 12 LiDAR
Phones with Other Devices : A

Further Research scanner,” from Eugene Liscio

“Laser Scanning vs. iPhone LiDAR,” from
Eugene Liscio
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Introduction

LiDAR Hardware

LiDAR Background

Sample Apps
Measurement Studies
Phones with Other Devices
Further Research
Conclusions and
Recommendations

Sample Scans

HOME  SUBSCRIBE TRAINING FAQ TUTORIALS  ACCESSORIES SAMPLE DATA

RESEARCH ABOUT

CONTACT

SAMPLE DATA

Dodge Journey Hummer

Dodge Journey scan with 4m... Courtesy of Jason Keller

Graffiti Belgium Service House

Courtesy of Jason Keller Scanned at 5mm resolution

Symposium on Traffic Safety

Body CSI

Durmmy on tiled floor, Tmm..

5mm resolution

BMW Damaged

Courtesy of Joseph Catone

Concrete Pillars

Concrete pillars under bridge

Multiquip Tank

Multiquip tank scan Smm...

CAT Equipmel

CAT Heavy Equipmr




Introduction

LiDAR Hardware

LiDAR Background

Sample Apps
Measurement Studies
Phones with Other Devices
Further Research
Conclusions and
Recommendations

The iPhone and iPad LiDAR features are tools and
not toys. They add a new level of portability and

always-available scanning functions to your
workflow.

Accuracy and Precision are excellent if used with
a purposeful scanning methodology.

Reconstructionists should consider testing and
perhaps adopting these new technologies, as
they can make evidence documentation,
measurements and diagrams faster and easier
than with other devices.
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SUMMARY
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PROCEDURE

Scans of the same subject were collected using Faro 3D Scanner and Recon 3D

Both scans were brought into Cloud Compare

The Recon3D scans were then aligned and scaled using the faro scan as the reference

The cloud to cloud distance was then computed in cloud compare using the Faro scan as

the reference




wl3 AXIS

ENGINEERING, LLDC

TEST |

* 569,720 points

* Recon 3D scan scaled by 1.008 to
match Faro scan

* 50.5% of points within 0.2 inches of
faro scan

e 35.5% between 0.2 and 0.624 inches

* Around 4.7% between 0.624 and
0.96 inches

* Around 10% between 0.96 and 3.6
inches. These are mainly associated
with missing segments in the Faro
scan

= RN




TEST 2

zﬂ\:B AXIS

ENGINEERING, LLDC

568,483 points

Recon 3d scan scaled
by 1.00279 to match
Faro scan

78% within 0.2 inches

| 7% within between
0.2 and 0.79 inches

5% greater than 0.79
inches.These points
are mainly associated
with missing segments
in the Faro scan




TEST 3
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ENGINEERING, LLDC

965,986 points

Recon 3D scan scaled by 1.0036 to
match Faro scan

27.5% of points within 0.25 inches

37.4% between 0.25 inches and 0.72
inches

13.1% between 0.72 and 1.08 inches

Around 20% greater than 1.08
inches. These points are mainly
associated with missing segments in
the Faro scan
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