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Topics

* Root of the technical problem

» Technical details of our solution
* Four ways to prove it works

* Interference analysis features

* Technology road map
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Technical
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LSQ Power:
1/10 mw -10 dBm

GPS Military & C/A Power:
1/20,000,000,000,000 mw  -133dBm

GPS Encrypted P-Code Power:
1/200,000,000,000,000 mw -143 dBm



LSQ Is 20 Trillion Times Stronger (133 dB)
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GPS Recelivers with No Protection
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Even small interference can hurt Defenseless GPS Recelvers




Tests

1. Component analysis and simulation
2. Sine wave In-circuit measurements

3. Anechoic chamber (more than NTIA)
4. The ultimate test




1.Component analysis and
simulation

(Old Filter System)
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2. Sine Wave In-Circuit
Measurements

(Old Filter System)
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Ceramic Filter Gp=+33dB
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Poutp 1575 = -67 dBm

Saturated!
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New Filter System
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1.Component analysis and
simulation

(New Filter System)
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2. Sine Wave In-Circuit
Measurements

(New Filter System)
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Tested for Closest Edges of 10L and 10R to GPS
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New Filter System
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The RF Chain
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SAW IF Filter
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Overall Results

Relative to GPS+Noise
FRQ L1 10L 10R L1-10L L1-10R
Ant Filter input -100 -10 -10
Ant Filter output -67 -68 -70
Ceramic Filter -68 -70 -73
LNA -50 -54 -57

splitter -53 -57 -60
Attenuator -6 -60 -63
SAW filter

Mixer

SAW Filter

Overall Gain:




Relative to C/A and Military P-codes
10R L1-10L L1-10R
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Ant Filter input
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10L
-10
-68
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Relative to Encrypted P-codes
FRQ P 10L 10R P-10L P-10R
Ant Filter input -143 -10 -10 -133 -133
Ant Filter output -110 -68 -70
Ceramic Filter -111 -70 -73

LNA -93 -54 -57
splitter -96 -57 -60
Attenuator -99 -60 -63
SAW filter

Mixer

SAW Filter




3. Anechoic Chamber
System Test

(New Filter System)



Anechoic Chamber Test Setup

Anechoic Chamber

Power Meter
Agilent E4418B

Passive Antennac )

Old LNA

£

P»{ Receiver 1 |j€—

RS232

New LNA

(Calibration OFF)C )

RS232

«—
.(_
PC
<«
«—
7 Y

»| Receiver2 |g—

New LNA
(Calibration ON)C )

RS292 »| Receiver3 |€¢—

N

Receiver 4 |€—

RS232
g

LTE

—

-85...+1dBm
(Plane A)

GPS

e

-130...-110dBm
(Plane A)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| Plane A

est Setup

BPF
F1=1531MHz  {€—

Power Amplifier

Signal Generator

R oo N (50W) Agilent E4438C
Javad GNSS Line Amplifier : GNSS Simulator
(G=40dB) ] Splier Spirent GSS8000

RS232 Reference

Receiver







"
- - @ T y :
——- ' E_t 2 —

!'

Power meter——%1J

., .l d






Spirent GNSS
Simulator

[
Software ’ E! E ' RF Power I\/Ieter

f
Rl F RF Amplifier

= N

- ~

ri!a RFGenerator .

o~ Spirent
SlmGEN PC

,.-.__\ AR

\- P




TRIUMPH-VS Interference Analyzer Screen

GPS L1§-5.0(44.0);0.5;28.3;10) 2011+10-04 10:58, "All OFF" (In chamber)
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TRIUMPH-VS Interference Analysis Screen

8 Spectrum Analysis 3{’. O <) D

10:58 79°C

10, No GNSS Data, 3%, GD |+ U- C+ B+ W+ G-, 2011 10 04 10 58 "All OFF

Eands Interference Magn. RMS of Magnitude  S/M loss (CFA) SiM loss (P) MNumber of sat. )

épectrum settings: Title: "All OFF". Receiver Name: "In chamber"”. Start 1 time(s) Every 5 min
with 10 sample(s) after 5 Sec delay. Record to: Int+SD. What to record: GPS_L1, GPS_L2,

GPS L5, GLN L1, GLN_L2, Satellites, Polar Plot, Summary, Data.

GNSS settings: Antenna: Ext, Elev. mask = 10°, AGC = 3%, IBIR: on, ASIC freq = 60, Track:
GPS+GLN+GAL+SBAS.

Power settings: UHF=off, Comm=on, Bluetooth=on, WiFi=on, GSM/GPRS=0ff.




10, 10°, 3%, GU |+ U+ C+ B+ W+ G-, 2011 10-04 15 DG "GPS" (In Chamber)

Bands Interference Magn. RMS of Magnitude  S/M loss (CFA) S Hluu (F) Mumber of sat. _

épectrum settings: Title: "GPS". Receiver Name: "In chamber". Start 1 time(s) Every 5 min with '.
10 sample(s) after 5 Sec delay. Record to: Int+SD. What to record: GPS_L1, GPS_L2, GPS_L5,

GLN L1, GLN_ L2, Satellites, Polar Plot, Summary, Data.

GNSS settings: Antenna: Ext, Elev. mask = 10°, AGC = 3%, IBIR: on, ASIC freq = 60, Track:
GPS+GLN+GAL+SBAS.

Power settings: UHF=off, Comm=on, Bluetooth=on, WiFi=on, GSM/GPRS=0ff.




TRIUMPH-VS C/NO Analysis Screen
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TRIUMPH-VS Interference
Analyzer Features (6 Bands)

* Interference frequency
* Interference power

» Control voltage shape
* C/NO loss

 Statistical data



Anechoic Chamber Test Result of 10L

10L Power AGC Change C/NO Loss
-10dBm None None

-4 dBm -0.6dB None

-1 dBm -4.3 dB 1dB
+1 dBm -9.4 dB 2 dB
+3 dBm -16.6 dB 4 dB
+4.5dBm -16.6 dB 6 dB




Anechoic Chamber Test Result of 10R

10R had no effect on GPS for the
maximum power of 10R that we
could generate (+4.5 dBm)



4. The Ultimate Test:
Special Zero Baseline

(New Filter System)
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Comparative Performance

Zero Baseline Results (Carrier Phase), cm
Calibrator Off
GPS L1 0.02
GPS L2 0.01
GLN L1 0.39
GLN L2 0.01

Zero Baseline Results (Code Phase), cm
Calibrator Off
GPS P1 4.22
GPS P2 5.73
GLN P1 60.36
GLN P2 2.03




Aggregate Effect of

44,000 LSQ
Transmitters

on LEO Satellites



LEO Satellites

Each LSQ transmitter (EIRP) * 61.5 dBm
Side lobe -20 dB

Aggregate of 44,000 transmitters 46 dB
Min path loss for lowest LEO (200 miles) -146 dB

Effective power at LEO -58.5 dBm

* Equivalent Isotropically Radiated Power



Measuring and
Compensating

for Group and
Carrier Delays



Our GLONASS is as good as GPS

We dynamically and continuously calibrate GLONASS
inter-channel biases with accuracy of

0.2 millimeter




We dynamically and
continuously calibrate
GLONASS inter-channel
biases with accuracy of
0.2 millimeter



Group and Carrier Delay Measurement Block Diagram

Antenna input

Capacitive |

Coupling

Variable
Attenuator

TRIUMPH
Chip

Patent Pending
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Technology Road Map



LightSquared-Protected:
Protected by the above JAVAD
LNA system. For all precision
positioning applications. Multipath
mitigation features preserved.
November 2011

LightSquared-Compensated:
Protected by the above JAVAD
LNA system and dynamically
compensated for group delay
variations (better than 100
picosecond). For precision
timing applications.

March 2012

LightSquared-Integrated:
Same as two above plus
LightSquared communication
module inside.

June 2012
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You Can Conduct
Your Own Tests

The technology iIs available, and |
have 40 units here today.



