Einstein Made Google Maps Work

Nathan Seidle - SparkFun Electronics
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Basics

Sputnik (1957) was tracked via Doppler shift

First gen GPS sat launched in 1978

Full GPS constellation in 1994

77 GPS satellites launched over 44 years

12 hour path = Not Geosynchronous, Medium Earth Orbit
o ~12,000 miles (19,000 km) away
o ~8,000 mph (14,000 km/hr)

o <50W!






GNSS = GPS + Everyone

GPS (30) - USA’s global navigation system.

GLONASS (24) - Russia's global navigation system.

Galileo (24) - European Union’s global navigation system.

BeiDou (28) - People's Republic of China's global navigation system.

IRNSS (8) - India's regional navigation system, covering India and Northern Indian
Ocean.
e (QZSS (4) - Japanese regional system covering Asia and Oceania.



GNSS = GPS + Everyone

GPS (30) - USA’s global navigation system.

GLONASS (24) - Russia's global navigation system.

Galileo (24) - European Union’s global navigation system.

BeiDou (28) - People's Republic of China's global navigation system.

IRNSS (8) - India's regional navigation system, covering India and Northern Indian
Ocean.
e (QZSS (4) - Japanese regional system covering Asia and Oceania.

Ask yourself - Where do I plan to deploy troops someday?
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Trilateration
“‘ -;—

e Satellites transmit: “Hi, I'm #5. It’s f../
2:15PM. I am feeling ok. ” , : =
. 0.08 seconds? .
e A receiver crunches the numbers ,‘ % 0,07 seconds?
between 10+ satellites. 2/
e Qutput is a +/- 2m location (and time) 0.05 Seconds'"“.,’

_.-" 0.06 seconds




Cesium Clocks, LASERs, and Relativity

“..one microsecond creates an error of 300 meters.” - HMC Geophysics
“.the predicted orbits are often off by one meter or more. Ground stations
bounce lasers off the individual satellites as they pass overhead..” - Gary
Miller

“Relativistic principles and effects which must be considered include the
constancy of the speed of light, the equivalence principle, the Sagnac
effect, time dilation, gravitational frequency shifts, and relativity of
synchronization.”- Neil Ashby



Relativity... Fight!

e Special: “A moving clock ticks more slowly when
compared with one that’s stationary at sea level. A
clock aboard a GPS satellite will lose about 7
microseconds per day. “

e General: “A clock in a weaker gravitational field
will tick faster than one that’s stationary at sea
level.... A clock aboard a GPS satellite in a medium

Earth orbit will gain about 45 microseconds per

day over a clock that’s at sea level on the earth. -
GPS World

45ps - 7us = 38us a day

(That’s 616ms in the future since 1980...)



How To GPS

Turn it on. Wait ~30s. Know where you are.
~2m [ 6.5ft ‘off the shelf’
Free!

No, you cannot put it in your child*




*Limitations

e Children are made of water
e 35mA=-~ldayonaAA
(kids don't like having their batteries changed)
e Make sure they never do cart wheels
e No, you cannot put it in your child.




NMEA What?

e National Marine Electronics Association
e Every GNSS receiver in the world outputs NMEA

$GNGLL ,4001.0836551,N,10516.9559378,w,033943.75,A,D%6A
$GNRMC,033944.00,A,4001.0836582,N,10516.9559415,w,0.004,,230923,,,D,V*03
$GNVTG, ,T, ,M,0.004,N,0.007,K,D*3B
$GNGGA,033944.00,4001.0836582,N,10516.9559415,w,2,12,0.45,1647.171,M,-21.300,M,,0131%41
$GNGSA,A,3,02,07,08,14,21,22,30,09,27,13,44,,0.87,0.45,0.75,1%0B
$GNGSA,A,3,87,68,81,70,78,79,69,88,,,,,0.87,0.45,0.75,2%0F
$GNGSA,A,3,11,07,02,08,03,30,,,,,,,0.87,0.45,0.75,3%02
$GNGSA,A,3,19,20,28,27,37,36,46,,,,,,0.87,0.45,0.75,4%0E

SGNGSA AT T ot o B R0 A5 0T 5 5 %00
$GPGSv,4,1,14,02,14,114,44,04,07,160,36,07,78,038,50,08,49,065,47,1%65
$GPGSv,4,2,14,09,31,177,42,13,11,321,34,14,42,258,46,21,15,106,39,1%6A
$GPGsv,4,3,14,22,25,250,41,27,16,041,43,30,58,314,49,44,42,198,46,1%62
$GPGSV,4,4,14,46,38,215,45,51,44,183,28,1%6B
$GpPGsv,2,1,07,04,07,160,35,07,78,038,47,08,49,065,46,09,31,177,43,6%6C
$GPGSv,2,2,07,14,42,258,45,27,16,041,41,30,58,314,46,6%51
$GpPGsv,1,1,02,17,07,197,,20,01,270, ,0%6F
$GLGSsv,3,1,10,68,29,210,48,69,46,274,51,70,11,335,38,77,01,079,12,1%7C
$GLGSv,3,2,10,78,47,043,54,79,49,313,52,80,08,276,25,81,18,143,41,1%70
$GLGSV,3,3,10,87,18,031,45,88,35,086,51,1%70
$GLGSv,2,1,07,68,29,210,46,69,46,274,49,78,47,043,50,79,49,313,50,3%72
$GLGSvV,2,2,07,80,08,276,26,81,18,143,40,88,35,086,44,3%40
$GAGSV,2,1,07,02,66,032,53,03,19,168,43,07,41,302,50,08,57,215,50,2%7B
$GAGSvV,2,2,07,10,04,030,36,11,12,055,39,30,51,265,51,2

S GA (IR () AR () AQ 0O O N7 4 () AR




NMEA What?

e National Marine Electronics Association
e Every GNSS receiver in the world outputs NMEA

$GNGLL ,4001.0836551,N,10516.9559378,W,033943.75,A,D*6A
$GNRMC,033944.00,A, 4001 0836582 N 10516 9559415,w,0.004,,230923,,,D,V*03
$GNVTG, , T, ,M, 0. 004 =08

$GNGGA, 033944, o)

SGNGSA,A,3,02,07,-., 2 1.
$GNGSA,A,3,87,68,81,70,7 8 79, 69 88,,,,, 87,

$GNGSA,A,3,11,07,02,08, 03 30,,,,,,,0 0 45,

$GNGSA,A,3,19,20,28,27, 3/,36 46,,,,,,0 87 0.4

$GNGSA A, 3,,,,,,,,,,,,,0 87,0.45,0.75,5% 09
SGPGSV,4,1,14,02,14,114,44,04,07,160,36,07,7 ,038,50,08,49,065,47,1%65
$GPGsv,4,2,14,09,31,177,42,13,11,321,34,14,42,258,46,21,15,106,39,1%6A
$GPGSv,4,3,14,22,25,250,41,27,16,041,43,30,58,314,49,44,42,198,46,1%62
$GPGSv,4,4,14 ,46,38,215,45,51,44,183,28,1%6B
$GpPGSv,2,1,07,04,07,160,35,07,78,038,47,08,49,065,46,09,31,177,43,6%6C
$GPGSvV,2,2,07,14 ,42,258,45,27,16,041,41,30,58,314,46,6%51
$GPGSV,1,1,02,17,07,197,,20,01,270, ,0%6F
$GLGSvV,3,1,10,68,29,210,48,69,46,274,51,70,11,335,38,77,01,079,12,1%7C
$GLGSV,3,2,10,78,47,043,54,79,49,313,52,80,08,276,25,81,18,143,41,1%70
$GLGSv,3,3,10,87,18,031,45,88,35,086,51,1%70
$GLGSv,2,1,07,68,29,210,46,69,46,274,49,78,47,043,50,79,49,313,50,3%72
$GLGSvV,2,2,07,80,08,276,26,81,18,143,40,88,35,086,44,3%40
$GAGSV,2,1,07,02,66,032,53,03,19,168,43,07,41,302,50,08,57,215,50,2%7B
sGAGSV 2:25 0/ 10 04, 030 36 11 12 055 39 30 51 265 = g 2*49




NMEA What?

e National Marine Electronics Association
e Every GNSS receiver in the world outputs NMEA

$GNGLL ,4001. 0836551 ,N,10516. 9559378,W,033943.75,A,D*6A

SGNRWC,033944.00,4,4001 0836582, N, 10516. 9559415, ,0. 004 ,,230923, D, V*03
SGNVTG. ,T, .M, 0. 004 hrOr08

$GNGGA, 033944 o) ,12,0.4 m -21.300,M, ,0131%41
$GNGSA . A, 3,02,07 ,U8% 0. 7,0 45 0.7

$GNGsA,A,3,87,68,81,70,78, 79’69 88,,,,,0 87
$GNGSA.A.3.11.07.02.08. 03 30 0.87.0.45. 0 7S 3 02

“Talker” ID Time of fix ~ Receiver status Latitude Longitude Heading Magnetic variation ~ Magnetic variation

“GP" = GPS receiver 10:26:42 UTC A =0K North East 156.6705° 20.32° off true north  East

Signature
Start of new
sentence

$GPRMC, 102642.03,A,4813.7943164,N,01621.5693035,E,7.158,156.6705,020713,020.32,E*5E

Sentence type ID Latitude Longitude Ground speed Date of fix Checksum

“RMC" = GPS/Transit fix 48° 13.7932164° 16° 21.5693035° 7.158 knots February 7, 2013




1.515 GHz



1.515 GHz 1.22] GHz



GPS L5
Pre-operational

1.515 GHz 1.22] GHz 1.116 GHz



1m Accuracy
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RTK = Real Time Kinematics
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State-wide Corrections




DIY Base Station

A —

STR;BICTON;Shrewsbury;RTCM 3.3;1002(1), 10
STR;BIDEFORD;BIDEFORD;RTCM 3.3;1004(1), 10X
STR;bie@@1;Biervliet;RTCM 3.3;1004(1),100
STR;BlankFarm;Eimsiedlin;RTCM 3.3;1004(1)
STR;bldr_SparkFunl;Boulder, CO;RTCM 3.2;1(

STR;Blue_Base;Avoca MN;CMR+;CMR+(1);0; ;SN
STR;BOBAN;Belgrade;RTCM 3.2;1005(30),1074
STR;BOBASL ;Slepcevic;RTCM 3.2;1005(30),10




Sargasso
Sea

Gulf of
Mexico







ANADIA  PRATE
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The estimated coordmates ITRF14 2021-02-02 for the SparkFun UFO PPP 24 Hours le obs ‘~. 550

Latitude N40° 05’ 25.0612" + 0.002 m (95%)
Longitude W105° 11' 06.2074" = 0.002 m (95%)
| Ellipsoidal Height 1560.089 m = 0.008 m (95%)

@ O ihometric Height CGVD2013 CGG2013a 1576.6944 m

[40.09029479.-105.18505761.1560.089]

UTM Zone 13 (North)

Northing 4437795542 m
Easting 484224 360 m
Scale factor (point) 0.99960306
Scale factor (combined) 0.99935848

-~ [4437795.542.484224 360.1560.089]

- Cartesian coordinates

X -1280206.568 = 0.003 m (95%)
Y -4716804.403 £ 0.006 m (95%)

— V4 4086665.484 = 0.005 m (95%)
'+ [-1280206.568.-4716804.403,4086665.484]




The estimated coordinates ITRF1

Latitude

Longitude

e Ellipsoidal Height :
B Orthometric Height CGVD2013 ¢
[40.09029479.-105.18505761,15 %88

UTM Zone 13 (North)
Northing

Easting

Scale factor (point)

. Scale factor (combined) 0.99¢
| [4437795.542.484224.360.1560.(

Cartesian coordinates

-1280206.568 = 0.003

ECEF =
X -1280194 .313 +~ 6mm
Y-4716761.545 +/- 11'mm
Z 4086701 091 +/-12mm

40.09079849 +/- 4mm
-105. 18505054 +/- &4mm
1548 90@ M:ﬂ@mm
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“A man with a watch knows what time it is.
A man with two watches is never sure.”

San Diego Union, 1930 a.k.a ‘Segal’s Law’



Timebase

2ppm
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Timebase

Quartz = 50ppm

RTC = 2ppm

NMEA Time and Date
Pulse Per Second

Ins accuracy = 2000x improvement

GPS 8:30:00 GPS 8:30:01

TIMEPULSE ‘ | ’ |

100 ms
> <«
1000 ms




Timing Applications

® Cellular communication
e Wildlife triangulation
e Infrastructure coordination

»4 AC-DC-AC tie




Wild Success

e $1.7 Trillion in economic benefits
e 6.5 Billion receivers worldwide






The RQ-1/0 Incident

e Spoofing = False Signals

LimeSDR

Antenna
coupler




The RQ-170 Incident

e Spoofing = False Signals
e 2011 Jamming + Spoofing

LimeSDR l
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GPSJAM

Daily maps of GPS interference o i
About | FAQ 49&5_}:‘5‘&&"

Modern Problem

More




What can we do?

e Spot beams!
e Regional Military Protection Capability




0S-NMA

e Open Service Navigation Message
o Galileo
® Nearly operational

N

\\ Missiony
\Uplink »
\ ~

Auth
data

Galileo Core
Infrastructure







