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18 May 2022 — DEFIS “Demo Day”: Over 100 EU execs, researchers & engineers came to the Joint Research Centre
to see the performance of non-GNSS positioning & timing technology on display. In the morning Locata demonstrated our
indoor positioning technology, followed by an indoor timing demo. After lunch, in the JRC conference centre, Locata and EU LABORAm‘q

engineers also presented the results of Locata A-PNT testing run by JRC engineers over a 3-month period AL
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EUROPEAN COMMISSION

NETWORK Creates the Signals

¢ A LocataLite - the heart of Locata deve lopments
§250M satellite

* Ground-based hardware equ valent of a

¢ World-first capabilities = unprecedented performance

ANTENNA Maximizes Mobile Use

Y]
L" * VRay Antenna is the enabler for myriad new apps
: °* Totally new concept — first major change in 80 year
.5' * Delivers high-accuracy in areas where GPS just fails

SOFTWARE Extremely Adaptable

* Locata IP - the brains for Locata, wath >150 patents!

* Over 3.6 million lines of code = reinvented GPS

® Delivers now capabilities that GPS will never replicate

conference centre, Locata and EU engineers also presented the results
of Locata A-PNT testing run by JRC engineers over a 3-month period
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What has Locata invented?

A suite of completely unigue new capabilities which overcome
the many lIimitations of space-based positioning & timing.

Locata broadcasts a proprietary signal

THAT ONE SIGNAL SIMULTANEOUSLY
1. Synchronizes our transmitters to picosecond levels

2. Enables cm-level positioning indoors and out; and
3. Enables exceptional new multipath mitigation.

Without atomic clocks, satellites, external corrections...




'v‘ Locata Technology Platform Components

g Over 150 patented advances have made Locata the world leader for
enabling new capabilities in next-generation positioning applications

NETWORK Creates the Signals

® A Locatalite - the heart of Locata developments

® Ground-based hardware equivalent of a $250M satellite
® World-first capabilities = unprecedented performance

ANTENNA Maximizes Mobile Use

® VRay Antenna is the enabler for myriad new apps
® Totally new concept — first major change in 80 years
® Delivers high-accuracy in areas where GPS just fails

SOFTWARE Extremely Adaptable

® Locata IP - the brains for Locata, with >150 patents!

® Qver 3.6 million lines of code = reinvented GPS

® Delivers new capabilities that GPS will never replicate

) Locata
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Locata DEFIS Demonstration - Tested Scenarios

Key PNT system capabilities

Time transfer
Indoor and outdoor positioning

Locata’s extremely comprehensive test plan set out to demonstrate to
the EU our performance for every capability, in all scenarios, required
for a true, Alternative Positioning, Navigation & Timing system!

System resilience
System remote monitoring

Timing

« Nano second — level timing

 To static & kinematic Locata devices
e« T2 scenarios

e Over-the-air: T2B, T2C, and T2E
+ Copper/ coax: T2A

*  Fibre optic: T2D

« T3

« Same as T2C but longer than 24 hrs

Positioning

« cm-level positioning

«  Static & kinematic positioning
I

Industrial automation application
Shown at a Locata customer facility

Indoor mobile platform
Shown at JRC

Test Scenario Name
(System Validation T1 & T5 not shown)

Short term clock stability & time transfer performance @JRC
T2A — Copper/coax cable

T2B — Over-the-Air (OTA) indoor

T2C — OTA outdoor local area

T2D - Fibre optic

T2E — OTA outdoor wide area

Medium term clock stability & time transfer performance @JRC
T3C — OTA outdoor

Kinematic outdoor positioning @Locata customer facility
T6 — Outdoor

Static & Kinematic indoor positioning @JRC
T7 - Indoor

Resilience & network monitoring (same as T4) @JRC
T8A — Remote monitoring

T8B — Bracing

T8C — Dual Master

}‘ Locala.




- Locata DEFIS Demonstration Development

Mike Skeen (Locata) £ Content view ~ ok
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" Locata DEFIS Demonstration EERIES

EUROPEAN COMMISSION

JRC Workshop'[-* | 1/} \ESISEEE g JRC Tower
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- Locata DEFIS Demonstration Example Sites

JRC Lab Roof | Massino Visconti




> Locata DEFIS Demonstration Example Sites

EUROPEAN COMMISSION

Como

Another Locata

transmitter 44 km away
L&
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To revolutionize PNT you first have to

reinvent fundamental concepts of synchronization

TimelLoc

Sub-nanosecond synch

o
— =
L)
e

Without atomic clocks "
Without GNSS satellites Z
Without external corrections
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: 105km total Time
Details of Test Transfer distance -

Configuration JRC to Como &
back
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Tropospheric
adjustments generated
and applied
confinuously, in real time
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> JRC TimeLoc testing

A

FOR SCALE

1 picosecond is
to 1 second as...

1 second is to
31,700 YEARS

Picoseconds!



LOCATA-Monitoring
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. Example Deployment — Time Distribution to Cell Network

I~ S Peak 'M""_‘?"‘?D Time Distribution from Timing Backbone to Level 1 Cellular Towers

(only primary links are shown)
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. Example Deployment — Time Distribution for Paris
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Example over
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A Example Deployment — PNT Dlstrlbutlon for Parls CDG
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> Example Deployment — Time Dlstrlbutlon for Washlngton DC
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Locata Timing Tests

Multiple Timing Tests were run
over a period of 14 days

They included:

® Over-the-air outdoor wide area
® Over-the-air outdoor local area
® Over-the-air outdoor to iIndoor
® Over-the-air indoor

® Fibre optic cable

®* Copper/coax cable

Indicative Test Results Follow...

© Locata Copyright



RESULTS

OVER-THE-AIR LONG-RANGE WIDE-AREA 24 HOUR TIME TRANSFER TEST

Demonstration of configuration for ‘long-range time distribution’

Verbémi';:::*' _——

-

", .
» Massino -
Visconti N ey

“HOPS”

> 4 \ ”,, N O~ 4,
» £¥S ~R men Sesto Calende

e O o0 T
g gf\‘/erglate 2

A —
e

4

105km total Time
Transfer distance —
JRC to Como &
back

Details of Test
Configuration

© Locata Copyright
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AL OVER-THE-AIR LONG-RANGE WIDE-AREA 24 HOUR TIME TRANSFER TEST
# ] (105km JRC-Como return, 8 TimelLoc hops)

Locata Internal Time Transfer 24-hours

T2Z2E OTA Outdoor Wide Area - Master LocatalLite (JRC-1) to End-Node LocatalLite (JRC-2) - Locata Internal Time Transfer

A .

o8 1 1 |
| 1l | I

0.7 ns
.
#1A #1B #1C

Internal Time Transfer External Time Synchronization External Time Transfer
MEAN: 584 picoseconds MEAN: 180 picoseconds MEAN: 404 picoseconds
STD DEV: 85 picoseconds STD DEV: 551 picoseconds STD DEV: 545 picoseconds

ALAN DEV: 4.044E-15 ALAN DEV: 3.209E-14 ALAN DEV: 2.992E-14

) Locata
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s L OVER-THE-AIR LONG-RANGE WIDE-AREA 24 HOUR TIME TRANSFER TEST
(105km JRC-Como return, 8 TimelLoc hops)

# |

TimeLoc synchronization automatically adjusts to counter tropospheric effects that change the speed of light

T2E OTA Outdoor Wide Area - Total Measured Link Adjustments Over All 8 Hops

104962.600 A I —— Total Over All 8 Hops [ 350117.547
104962.500 - ; I : I H350117.213
104962.400 - I I I 350116.880
104962.300 — — : = — e e _________-__I______'__ e e b — —| 350116.546
s | | s
£ 104962.200 - 350116.213 Q0
104962.100 - T I I - 350115.879
104962.000 - I I - 350115.546
104961.900 - T I I - 350115.212
104961.800 - | | - 350114.878
QO QO () () O O QO O O ) O O QO O (s} o ) O QO S () QS () () S S
< < < < < < < S < s < < B S <5 <5 < S <5 < < < < < <5 <5
~ ~5 ) ~2 ~> S e g > $ N ¥ & N & & S &® & S > ~¥ > P ~5 ~5

UTC Time - Starting 2022-03-12 @ 15:00

Peak-to-Peak Time Adjustment Peak-to-Peak Distance Adjustiment

(over 24 hours) (over 24 hours)

2.6 nanoseconds 0.8 metres

© Locata Copyright }k Locala



RESULTS

#2

Details of Test
Configuration

© Locata Copyright

OVER-THE-AIR LOCAL-AREA 24 HOUR TIME TRANSFER TEST
Demonstration of ‘campus-wide’ type configuration

2.2 km total Time TimelLoc
Transfer distance — all Cascaded through
inside JRC campus 4 “hops”

24-hour
duration

Tropospheric
adjustments generated
and applied
confinuously, in real time

) Locata
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RESULTS OVER-THE-AIR LOCAL-AREA 24 HOUR TIME TRANSFER TEST
# 2 Test configuration

Locata Internal Time Transfer 24-hours

T2C OTA Outdoor Local Area - Master Locatalite (JRC-1) to End-Node Locatalite (JRC-2) - Locata Intermal Time Transfer

T o
400ps .. |
¥ .
#2A #2B #2C
Internal Time Transfer External Time Synchronization External Time Transfer
MEAN: 126 picoseconds MEAN: O picoseconds MEAN: 125 picoseconds
STD DEV: 50 picoseconds STD DEV: 616 picoseconds STD DEV: 613 picoseconds
ALAN DEV: 5.204E-15 ALAN DEV: 6.002E-14 ALAN DEV: 6.433E-14

© Locata Copyright }k Locala




RESULTS OVER-THE-AIR OUTDOOR to INDOOR 24 HOUR TIME TRANSFER TEST
# 3 Test configuration

and BOOKCASE

THROUGH BRICK WALL
~ B

G""b

‘e
Googley,,

: . Tropospheric
Details of Test 92 m fotal Time Transter TimelLoc 24-hour adjustments generated

: : distance — through : : : :
Configuration point-to-point duration and applied

brick-wall, non line-of-sight : . .
continuously, in real time

© Locata Copyright }k Locala



RESULTS OVER-THE-AIR OUTDOOR to INDOOR 24 HOUR TIME TRANSFER TEST

#3

TimeLoc through brick wall, non-line-of-sight

Locata Internal Time Transfer 24-hours

T2Z2F OTA OQutdoor To Indoor - Master LocatalLite (JRC-1) to End-MNode LocatalLite (JRC-2) - Locata Intermal Time Transfer

— o
os |
I
300ps ..,
LA
#3A #3B #3C
Internal Time Transfer External Time Synchronization External Time Transfer
MEAN: 552 picoseconds MEAN: 81 picoseconds MEAN: 624 picoseconds
STD DEV: 35 picoseconds STD DEV: 571 picoseconds STD DEV: 570 picoseconds
ALAN DEV: 2.040E-15 ALAN DEV: 3.289E-14 ALAN DEV: 3.386E-14

© Locata Copyright }k Locala



AR TIMELOC OVER FIBRE 24 HOUR TIME TRANSFER TEST
Test configuration

#4

Fibre optic

Tkm
cable

A=
QA\V iz

N
.' [

Real fime adjustments

. 1 km TimelLoc from Locatalite :

Details of Test . . . : -

Corieuie Ti?)?’] of Fibreoptic to Locatalite (no prior gﬁrgﬁg; f\ﬁin ESJUSTedglor
9 Cable calibration!) uniight on cable

during parts of the tests

© Locata Copyright }k Locala



RESULTS TIMELOC OVER FIBRE 24 HOUR TIME TRANSFER TEST
#4 (1 km spool of fibre optic cable at JRC lab — no prior calibration required)

Locata Internal Time Transfer 24-hours

T2D Fibre Optic 1km - Locata UTC Time Standard (S650) to Master Locatalite (JRC-1) - Locata External Time Synchronization

ry
4ns o
LA |
#4A #4B #4C
Internal Time Transfer External Time Synchronization External Time Transfer
MEAN: 207 picoseconds MEAN: =93 picoseconds MEAN: 114 picoseconds
STD DEV: 42 picoseconds STD DEV: 549 picoseconds STD DEV: 550 picoseconds
ALAN DEV: 4.106E-15 ALAN DEV: 1.437E-14 ALAN DEV: 1.064E-14

© Locata Copyright }k Locala




localta B JRC

EUROPEAN COMMISSION

Summary of Timing Test Results

OVER 6 DAYS OF TESTING OVER 6 DAYS OF TESTING
Internal Time Transfer External Time Synchronization

MEAN: 261 picoseconds MEAN: 218 picoseconds

STD DEV: 49 picoseconds STD DEV: 565 picoseconds

Mean Std Dev MTIE Peak-to- Samples

Locata Time Transfer Type [ns] [ns] [ns] Peak [ns] [1 Hz]

Average Internal Time 0.049 0.494 Sy 518 406
Transfer (over 6 days) ' ° . '

Average External Time 0.565 3.062 3 .
Transfer (over 6 days) ' - - '

© Locata Copyright 31
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_.ocata Technology Overview

Positioning Tests Results

JRC Ispra Campus
18 May 2022




Navigation Revolutions are Synchronized!

Every major positioning revolution in the past 250 years has been

built on the foundation of a new way of synchronizing!

Harrison’s Chronometers — synchronized to the sun

® 18th Century British navigation revolution - chronometer
® Synchronization accuracy = 1 second in a month
® Helped make Britain's Navy the master of the seas

® 20th Century navigation revolution — atomic clocks
® Synchronization accuracy = ~50 nanoseconds
® Changed the world, enabled myriad new ideas for apps

® 21st Century — synchronized without atomic clocks
® Synchronization accuracy = < 1 nanosecond
® Game-changer, enables new apps & national sovereignty

David Small - inventor

) Locata



}‘ IMPORTANT! Our Business Model is for partnerships

R&D DELIVERS COMMERCIALIZE via
NEW CAPABILITIES GLOBAL PARTNERS

How Locata delivers technology markets

3 fundamentals

1. INTEL INSIDE - to markets via OEM partners
2. Market development is NOW-SOON-LATER
3. Ever-larger markets via MINIATURIZATION
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}‘ Fully-Autonomous Port Straddles “Powered by Locata”
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'v‘ Locata = Unprecedented accuracy for automation

e "L | Fully autonomous, “no-human-in-the-loop” industrial machine
control — 3cm GNSS-free positioning across entire port area

4 - - I (3]
——— )

. GAME
' CHANGER

“”thixml“-

No human
can do thisl!

Automation
Engineer

102588 |/

Real-world Locata-enabled results —
fully-autonomous machines = <3cm
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Here the US Military JAM GPS for hundreds of miles radius.

Locata keeps delivering cm-positioning & nanosecond time.

There i1s no better example on earth of independent GNSS backup.




Indoor Positioning Tests

Multiple Position Tests were run
over a period of several days,
In JRC Workshop Building 48

They included:

® Static occupation over surveyed
points on the floor, measured
against a Total Stafion prism on
the Locata VRay Orb Antenna

® Kinematic positioning measured
against Total Stafion cross-track

Indicative Test Results Follow...
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RESULTS INDOOR POSITIONING TESTS (BOTH STATIC & KINEMATIC)

# 5 EXTREME MULTIPATH
Workshop - JRC Building 48 23 Indoor Surveyed Test Points on Workshop Floor
% i
A
Trolley with
Locata Orb Antenna
12
A
13
A
Large Indoor Timeloc . e =
. P 6 Locatalites Locata Positioning
Details of Test V\.Ior.kshop - JRC Synchrom_zatmn mounted on the walls compared against
. . Building 48 — metal Cascaded indoors No GNSS .
Conf'gurghon walls & ceiling = from Outdoor Locata - RO - Total Station
S — No IMU’s - surveyed points
extreme multipath Network
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RESULTS
# 5A STATIC INDOOR POSITIONING TEST — vs LASER TOTAL STATION

#5A — STATIC Indoor Positions vs Total Station Multiple Tests Conducted. This is Test 2 - Static Points Measured
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RESULTS
# 5A STATIC INDOOR POSITIONING TEST — vs LASER TOTAL STATION

#5A - STATIC Indoor Positions vs Total Station Box Plot

Static Indoor Positioning: Locata Vs Total Station
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RESULTS
HEA STATIC INDOOR POSITIONING TEST - vs LASER TOTAL STATION
#5A - STATIC Indoor Positions Time Series
T 25
fg 20
E
25mm g m M’ W
T My W Ay
RESULTS ALL TESTS
Mean Difference Standard Deviation m
8 millimetres 4 millimetres 9? millimetres

) Locata
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RESULTS
KINEMATIC INDOOR POSITIONING TEST - RANDOM MOVEMENTS

#5B

#5B — Example Indoor Random Movement
over 30 x 30 metre area (Test 2)

Locata position solutions |

output at T0Hz

) Locata
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RESULTS
# 5 B KINEMATIC INDOOR POSITIONING TEST - RANDOM MOVEMENTS

| | Test 1 Movement

COF
i

#5B — Cumulative Distribution Function Test1

o3 LT 0.01% oot

© Locata Copyright }k Locala



RESULTS
# 5 B KINEMATIC INDOOR POSITIONING TEST - RANDOM MOVEMENTS

+ Test 2 Movement

i #5B — Cumulative Distribution Function Test 2
< 20cm >
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RESULTS
KINEMATIC INDOOR POSITIONING TEST - RANDOM MOVEMENTS

#5B
#5A — KINEMATIC Indoor Positions Time Series
ry
25mm % |
V-
RESULTS ALL TESTS
Mean Difference Standard Deviation m
5 millimetres 4 millimetres 6 millimetres

) Locata
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Outdoor Positioning Tests

Multiple Position Tests were run
over a period of one day.
Customer Test Site, Germany

-

They included:
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® Static occupation over surveyed
points on the ground, measured
against a Tofal Stafion prism on
the Locata VRay Orb Antenna

® Kinematic positioning measured
against Total Stafion cross-track
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Indicative Test Results Follow...
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RESULTS

OUTDOOR POSITIONING TESTS (REAL-WORLD GERMAN TEST FACILITY)

Dusseldorf Test Field, Germany Autonomous Straddle at Test Field
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Real-world facility Fully-autonomous Locata Positioning
Details of Test Large Outdoor Test replicating container 60-ton, 4-story high tested against
. . Facility — Dusseldorf port environment - straddle machines surveyed points,
COhfIgUFOTIOh Test Field, Germany 6 Locatalites use Locata-only measured with
permanently installed solutions - NO GNSS Total Station

© Locata Copyright }k Locala



RESULTS
# 6 A OUTDOOR POSITIONING TESTS (BOTH STATIC & KINEMATIC)

Outdoor Site Layout for Static & Kinematic Tests @ Dusseldorf Germany Picture of part of Dusseldorf Test Field Area
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: Approx. Size of 16 Static Points Locata Kinematic Straddle moves ran
Details of Test ! ) .
fi « Available Test Area: compared against Solution compared fully-autonomous -
Configuration 110 x 100 metres Total Station solution to RTK GNSS no human control
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RESULTS

# 6 A STATIC OUTDOOR POSITIONING TEST — vs LASER TOTAL STATION

#6A - All STATIC Outdoor Positions vs Total Station

—— = Static Outdoor Positioning: Locata Vs Total Station
25 — BAOCR Y
A + Mean
25%-75%
— Y0 1 %
20 —
- ] | ; H
£ - E Bé;
E - e
~ 15 = E - 15 R ~
o & ; - Bz
25 mm ¢ - . !
c E‘L : L L
(] ¥ b3 2 .L'L T b R —
S ot 4 - M
- 4 2 o 4L
Q10 i E] B 3 :
L L
(a] T i TE
~N T + K
.. p—
- - . g K
ALY 35 4
T | BEl | i
AL o
- 3 - "'
1
e S L -+ R
2 TH
v L r 4 4
|
— owmm-,-.:')mr-:x:chow—;fl\am-r-nu;_\r;-‘—&c;nv—mm-;;-.Lc.')-:-—mm“-l—N-)-—c\rv—NLNwN-—NwN{LvNM#*NW*
v e v e e e v e e RCERERCTRE TR~ T~ BT ~ IR~ T~ B~ S O . T - T R . S S - S - ST - S - S - P2 EE s 22 h S S e e NN D O DT T W ORT OW$ VB D
a o o o o o o o o E;Qnanaaaamannaaaannna Q.t‘.&‘:kan.t‘.n.n.EEEEEE‘:EE;EEEEEEE
Static Point

© Locata Copyright }k Locala



RESULTS
# 6 A STATIC OUTDOOR POSITIONING TEST — vs LASER TOTAL STATION

#6A - STATIC Outdoor Positions Time Series

t s Total

T b i)
W I ww. ” | M’] 'hW i '

(((((((

i""mi' I

y

RESULTS ALL TESTS
Mean Difference Standard Deviation m
1.1 centimetres 4 millimetres 1.2 centimetres
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RESULTS
# 6 B KINEMATIC OUTDOOR POSITIONING TEST - RANDOM MOVEMENTS

#6B — Cumulative Distribution Function

o3 LT 0.01% oot
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RESULTS
# 6 B KINEMATIC OUTDOOR POSITIONING TEST - RANDOM MOVEMENTS

#6A — KINEMATIC Outdoor Positions Time Series

35 mm
y
RESULTS ALL TESTS
Mean Difference Standard Deviation m
1 centimetre 5 millimetres 1.1 centimetres
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localta B JRC

EUROPEAN COMMISSION

Summary of Positioning Test Results

INDOOR POSITIONING OUTDOOR POSITIONING
STATIC: 8 millimetres STATIC: 11 millimetres
KINEMATIC: 5 millimetres KINEMATIC: 10 millimetres
Locata Positionina Tvbe 2D Mean 2D Standard 2D RMSE Reference Number
glyp Difference (mm) | Deviation (mm) (mm) of Points
Average Outdoor Static Total Station
Average Outdoor GNSS
Kinematic (2D difference)
Average Indoor Static Total Station
Average Indoor Total Station
Kinematic (cross-track)

© Locata Copyright 61



B JRC

EU’S teStEd Timing performance EUROPEAN COMMISSION

Including Locata results compared to “other candidate technologies”

Locata is

v Only technology to deliver timing in every timing/synchronization test

v/ Only technology to deliver picosecond-level timing over RF + other mediums®
v Performance quality is thousands of times better than any other RF system
v’ Picosecond-level timing tested long-range (>105km) & campus-wide (2.2km)

Time

Timin Time MTIE Time Transfer Time Transfer Time Transfer
& Generation Transfer OTA Outdoors OTA Indoors
Performance [ns] Networks
[days] Fibre [ns] el [ns] [ns]

OPNT N.A. A 0.057 N.A. < 200 (+100) N.A.

7 Solutions SL 80 0.089 N.A. N.A. N.A.
SCPTime i k N.A. 35 N.A. N.A.
GMV 1 500 N.A. N.A.
Satelles Inc N.A. N.A. 145 <340
Locata i | 0.4 (4.9) 0.4 (6.1) 0.7 (6.1) 0.2 (5.2)
NextNav LLC 11.6 N.A. N.A. N.A. <39

Extracted: Table 17 on Page 76, EU’s Test Summary Report * Radio, fibre, coax cable (any mix)



https://publications.jrc.ec.europa.eu/repository/handle/JRC132737

B JRC

EU’S tEStEd POSitiOI‘ling performance EUROPEAN COMMISSION

Including Locata results compared to “other candidate technologies”

Locata is

v/ Only technology to deliver positioning in every required positioning test
v/ Centimetre-level or better, in every outdoor and indoor test environment
v Performance quality is hundreds of times better than any other

v/ Only technology shown to deliver cm-levels, whilst moving, indoors

Static Static Kinematic Kinematic
2D Positioning Performance Outdoors Indoor Outdoors Indoors

[m] [m] [m] [m]

Satelles Inc 15.0 N.A. N.A.

Locata <0.01 <0.02
NextNav LLC 14.0 11.0

Extracted: Table 18 on Page 76, EU’s Test Summary Report



https://publications.jrc.ec.europa.eu/repository/handle/JRC132737

'v‘ Frankly... we didn't enter DEFIS Tests “just to meet spec”

CHILD
Play

If the bar is only
“100 metres” or
“1 microsecond”

EVERYONE
CAN DO THAT.

) Locata



}‘ DEFIS let us show the world our gold-medal performance!

We exist to raise the bar

This is the real spec
HARD . ——
Play \\ the FUTURE needs

Set a real bar! \\

“xcm” and
“X picoseconds” , |

WHO ELSE ¥
BUT LOCATA >
V< 37 4

CAN DO THAT?
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Locala

Demonstrated Bottom Line

PICOSECONDS & MILLIMETRES

Over the air
Over fibre
Over cable

New enabling technology for the industry & our partners

© Locata Copyright
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