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* GPS is een publiek/gepubliceerd signaal

Bron: https://www.rand.org/content/dam/rand/pubs/monograph_reports/MR614/MR614.pdf
Bron: https://www.gps.gov/technical/icwg/1S-GPS-800F.pdf
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https://www.rand.org/content/dam/rand/pubs/monograph_reports/MR614/MR614.pdf

* Eerste civiele GPS ontvanger
* Sony PyX|s IPS- 360 (1991)
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Bron: http://retro-gps.info/Sony/Sony-Pyxis-IPS-360/index.html
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* GPS tijd

Eenvoudigste oplossing: doosje met stekkers

12 Juli 2020
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* GPSDO
* Trimble Thunderbolt (uit oude GSM basestation)
* Eenvoudigin gebruik: +12 /-12 / +5V

* Serial output in TSIP, bijv naar Windows (DOS) programma ‘Lady Heather’

- '.'
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UTC time OK 4§ Phase locked Us.88 - 18 Dlec 2816 ROH : 0K
: .22

22:95:53 EST  Temp: 37.829844 °C  App: 2 11 Mar 2082 RAM: DK
(] 11 Jul 2828 ro DAC: -@.831977 U GPS: 18.2 14 Nov 2081 0SC: O
a y ea er Week: 1889  PPST -2.529555 ws  Mfg: 21:88 @7 Jun 2682 FPGA:  OK
TOM: 593771  0SCt 58.976551 ppt COM: 9 Power: OK
UTC ofs: 18  Dly: B.8AABAB ns  Log: OFF

EEFROM DK
Overdetermined clock TC: 1868.8 sec Discipline mode: fintenna OK
Lat: 52.8779183° H DAMP : 1.2Z288 Hormal Almanac DK
Lon: 4.3923668° E GAIN:-5.888 Hz-VY Holdover: B secs Discipline OK
Alt: 36.5867244Z n INIT: B6.888 V Doing fixes Saved posn 0K
Tracking =sats
“AZ “EL dBc DOPFLER Sun az: 328.37861° Position saved
257.6 43.54 48.9 -Y6Z.86 Sun el: -6.99651° Ho leap pend
73.4 21.84 32.8 —31893.7Y5 Moon az: 66.12669° Hormal op mode
299.8 35.81t 44.3 2845.39 Hoon el: —28.35178° Hormal O3SC age
ZB6.2 32.54 48.1 -3145.37 Phaze: 6. 48145% PPS: OH +
149.7 6A.1t+ 47.2 1389.54 Sunrise: BA5:35:470 PV: ON
73.7 598.1)4 46.4 —-1822.96 Sun noon: 13:48:880 STATIC: ON
47.4 16.8t 16.9 -05.39 Sunset: 21:59:330 ALTITUDE : 0N
186.3 35.21 8.8 3173.18 EqTime: —5.65583m
EL: A.am*

AMU : 4.688 3
UIEH: 1Z.8 nin
| | UIEM: 1.8 min/div

FLOTQ: 3.8 day Satellite pozitions
ADEVQ: 33888 pts

rms: B.832877 V rms:  37.887888 °C

ref”<{-B.831988 V> ref~<{37.868 °"C>
DAG™ (168 uYrsdiv) TEMPT(18.8 MOE/qu)

http://www.ke5fx.com/heather/readme.htm
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Lady Heather supported hardware

Trimble Thunderbolt and Thunderbolt-E
Acron Zeit WWVB receiver

UCCM - Trimble / Symmetricom GPSDOs
DATUM STARLOC Il GPSDO

NEC GPSDO (STAR-4 compatible)

GPSD interface

Jupiter-T (aka Zodiac)

Lucent KS24361 REFO/Z3811A (19200:8:N:1)
Motorola binary format

Generic NMEA receiver

Trimble Resolution T family with odd parity
Sirf binary

Generic Trimble TSIP binary

Ublox UBX binary

Venus mixed binary / NMEA

Nortel SCPI-compatible GPSDOs (NTWB, NTPX, etc.)
Z3801A and compatible SCPI GPSDOs

HP 5xxxx-style SCPI

Oscilloguartz STAR-4 (via the management interface)
NVS binary

PC system clock (no receiver)

12 Juli 2020
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Keuze van antenne voor GPSDO

- Ruisgetal van eerste versterker is dominant

(Friis formula for noise) g g Pl Bl Fi-l
total —

Gl G1G2 GlgEGE N

- Dit is de versterker
- in de antenne
- of op de module met eigen ceramic patch-antenna

- Lengte kabel tussen het phase-center van de GPS antenne en digitalisatie-stap in ontvanger
wordt onderdeel van de ‘common pseudo-range bias’

- Abusievelijke capacitieve koppeling in GPS-DO kabel / clockdistributie connector heeft tot
een constatering van ‘neutrino’s sneller dan het licht’ geleid...

12 Juli 2020
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* Antenna: Aliexpress...
RT-290 O

GNSS Antenna

GES+BEINOU+GALILEO+GLONASS [y GPS CLONASS
L1L2 G1 G2
_ _ L 1>5.5dBi G1>5.0dBi
Gain at Zenith _ _
L 2>5.0dBi G2>5.0dBi
Polarization RHCP

Horizontal Coverage  360°
Output Impedance 50Q
Output VSWR <15

*GPS:L1L2 = GLONASS: G1 G2 Axial Ratio at Zenith  <3dB

'+ BEIDOU: B1 B2 B3 & GALILEO: ET ESE aicEENe) )
— Accuracy

<Z2mm

GALILEO
E1 ESb

E1>5.0dBi
ES5b>4.5dBi

https://beitian.en.made-in-china.com/product/gCUnrKpPHyhD/China-Beitian-Gnss-Antenna-3V-18V-Zed-F9p-High-
Gain-Cors-Rtk-Glonass-Beidou-Galileo-GPS-Antenna-High-Precision-Survey-Gnss-Antenna-TNC-K-Bt-290.html

12 Juli 2020 @@@ RF-SEMINAR 2020
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https://beitian.en.made-in-china.com/product/gCUnrKpPHyhD/China-Beitian-Gnss-Antenna-3V-18V-Zed-F9p-High-

* Low-noise Amplifier integrated with antenna

Low Noise Amplifier

Gain (40+2)dB
Noise Figure <1.8dB
Input VSWR <2.0

Output VSWR <2.0

Delay of Differential

Transmission =oMS

Supply Voltage 3.0V - 18.0V
Supply Current <45mA

Mechanical Characteristics

Dimensions ®150mm*63.7mm
Connector TNC-K

Weight 400g

Ingress Protection P67

12 Juli 2020
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* Bronnen van interferentie / blocking
* L-band

1,558.450 33278 INMARSAT 4-F3 97.57W 3372bps QPSK - Inmarsat AMSC LES rep. pat/idle
1,575.420 24307 INMARSAT 3-F2 178.55E  EGNOS overlay
1,575.420 39215 ALPHASAT (I-4A 24.51E Egnos overlay data (xBr recording)

F4)

Bron: https://uhf-satcom.com/satellite-reception/l-band
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GPS en GNSS theorie

GNSS - Global Navigation Satellite System(s)

- Frequenties
- Signalen op die frequenties — allemaal pseudo-random ‘noise’

- Methodes van ontvangst van de signalen (correlatie/de-spreading, demodulatie)

- Werken met known-data (A-GPS databit wipe-off/gevoeligheidsverbetering)

- Verwerking van de data tot een volledig bericht
(GPS: 30 seconden per satelliet, of 12.5 minuten voor complete ‘almanac’-download incl UTC offset)

- Verwerking van de pseudo-ranges tot een PVT (position-velocity-tijd) oplossing

- Ontvangen tijdinformatie inzetten voor sturing van de OCXO

12 Juli 2020
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* Bronvermelding: 2007

* Aalborg University i dec Applied and Numerical Harmonic Analysis

* http://gps.aau.dk/softgps < onbereikbaar |
In spring 2012 the scientific management for
Aalborg University decided to discontinue

the master study in GPS Technology at Aalborg University.

* http://ccar.colorado.edu/gnss

* Birkhauser
ISBN-13 978-0-8176-4390-4
ISBN-10: 0-8176-4390-7

*DVD? A Single-Frequency
Approach
Kai Borre s e e e

Dennis M. Akos
Nicolaj Bertelsen

Peter Rinder

Soren Holdt Jensen

12 Juli 2020 (:)(:)(5) RF-SEMINAR 2020


http://gps.aau.dk/softgps

A-GPS Assisted GPS, GNSS and SBAS
Frank van Diggelen
2009

ISBN-13: 978-1-59693-374-3
ISBN-10: 1-59693-374-7

FRANK VAN DIGGELEN

12 Juli 2020
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*\&&; esa navipedia

European Space Agency

Navigation

Main page Main page Discussion Read View source View history |Search Navipedia
Starters Guides

Bookshelf

Acronyms If you wish to contribute or participate in the discussions about articles you are invited to join Navipedia as a registered user

Recent changes

*“ The reference for Global Navigation Satellite Systems."*

Work in progress

Draft articles

e e e Browse Articles by Category News
H01_w to comment an i i
article global navigation satellite systems « ESA Navigation newse

e GSA news®

e Inside GNSS news#

BEIDOU e GPSWorld newse#

e GNSS Science Support Centre news®

Portals

Educational tools

External links GALILEO GLONASS
Multimedia/ News

Information

Quick References

About navipedia satellite based augmentation systems
Who is who ¢ GALILEO Brochure

o ﬂ E =

Help e Current and Planned
Bron: https://gssc.esa.int/navipedia/index.php/Main_Page

How to register

Global and Regional

Tools Navigation Systems
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GNSS overzicht
<€ Lower L-Band > «€— Upper L-Band =

ARNS ARNS

RNSS [7 RNESSE

GPS Bands | GLONASS Bands [ GALILEO Ba GALILEO SAR Downlink

ARNS : Aviation Radio Navigation Service RNSS : Radio Navigation Satellite Service

Bron: https://gssc.esa.int/navipedia/index.php/GNSS signal
Bron: https://gssc.esa.int/navipedia/index.php/Main_Page
Bron: A-GPS Assisted GPS, GNSS and SBAS - Frank van Diggelen
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* E6 1273.75-1283.75
* https://gssc.esa.int/navipedia/index.php/Galileo_High_Accuracy_Service_(HAS)

Lower L-Band
| ARNS | ARNS
RMNSS RNSS
ESa | ESb E6 B o v R N e g \ T
ENENNE X i !
L5 : L L1
r_j'_:".. : 3\ f : MHz:
" | | 1 | r
; & & o / a
B A " A Y L)
& N A LB A . & o &
£ & & @ Fy RE I N R I C OO
Galileo Mavigation Bands GPS Navigation Bands
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3PS C/'A
=90+ = = =Noise floor, 2 MHz BW
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Bron: A software-defined GPS and Galileo receiver — A single-frequency approach - Kai Borre et al
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* Galileo N
0 = = =Noise floor, 2 MHz BW
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Satellite power: P, =27 W |
Satellite antenna gain: G, = {100 17} |
Effective power: {283 to 458} W

o Received Power = 1.41x10- % W
= - ¥ 3.9 |".':E|:'I':

Received Power = 1.41x10-"% W
= -128.5dBm

Received Power = PTGTGAM::HTI

Bron: A-GPS Assisted GPS, GNSS and SBAS - Frank van Diggelen
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Power afhankelijk van elevation (hoek van inval op antenne)

- 27 watt gericht op de aarde
- 100 attowatt buiten, binnen O tot 10 attowatt
- Acquisitie GPS data (1e 30 seconden) heeft 50 bps betrouwbaarheid nodig

- integratietijd < 20 msec (50 bps data)
RECEIVED POWER AT 3dB, LINEARLY POLARIZED ANTENNA (dBw)

-135.5
C/A-L1
-158.5 1 =+ -
128.5 dBm
0° 5° 20° 40° 60° 80° 909 1009

USER ELEVATION ANGLE (DEG)
Bron: A-GPS Assisted GPS, GNSS and SBAS - Frank van Diggelen
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Carrier - CW signaal 1575.42 MHz
- Real continuous (niet onderbroken!) wave

1540 carrier-cycles voor elke ‘chip’
- ca 1 usec (1/1023) msec

1023 chips = 1 PRN sequence
20 PRN sequences = 1 bit (50 bps)




Correlatie als ont tmethod :
S Sl 1x PRN sequence ‘A’ = 1023 chips = 1 msec

- In tijJddomein < >
1 ... 20 of zelfs 40 msec met data-wipeoff
PRN lock over 1...20 msec 001110010
20x PRN sequence ‘A’ = 20x1023 ‘chips’ = 20 msec
50 bps - 0" ---> 001110010001110010 - 001110010
20x PRN sequence ‘A’ = 20x1023 ‘chips’ = 20 msec
50 bps - 1"---> 110001101 110001101.. 110001101

Digitaliseren van ruis: Integreren van kansen op 1 en O ‘chip’, optellen, en over 1 tot 20 milliseconden checken of
correlatie Positief (bit==1) of Negatief (bit==0) is

- Alternatief: software in frequentiedomein (via FFT/ IFFT over signaal van die lengte)

CO®S




Auto-correlatie (ACF) properties GPS C/A ‘Gold’ codes

M, Sy W . |
" | v 1y

FIGURE 2.4. Stem plot of an ACF for a Gold sequence. The left stem has correlation value

\ _ e o _ 63 ] 65 , : .
rp(0) = 1; all other correlation values are o357, 733 ©F To33- Only the first 50 lags out

of 1023 are shown.

Bron: A software-defined GPS and Galileo receiver — A single-frequency approach - Kai Borre et al

@@@ RF-SEMINAR 2020

12 Juli 2020




Genereren en ontvangen van DSSS Satellitt GPSPRN Codephase Code  First

1D signal selection  delay 10 chips

. TRy SN R .

Pseudo-random noise / pseudo-random bit/’chip’ patronen number number G chips octal

o o 1 1 286 5 1440

— Direct Sequence Spread Spectrum signalen 2 2 37 6 1620

| - 3 3 498 7 1710
N_— _ 4 4 599 8 1744
‘I 5 5 1@9 17 1133

(1) e 6 . 2910 18 1455

7 7 1®8 139 113]

I 8 8 2699 140 1454

S — | — . 9 9 3@ 10 141 1626

| — 1 |2 [ 3 4|5 l 6 |7 |8 ! 9 |10 — > 10 10 2@3 251 1504
> 1l 1 3@4 252 1642

1 12 12 s®6 254 1750
Lo — : 13 6@7 255 1764
S e N 14 7®8 256 1772
— — N —— i5 15 8@®9 257 1775
| 16 16 9@®10 258 1776

:1‘ ede 17 17 | & 4 469 1156

ey 18 18 2@5 470 1467

19 19 3@6 471 1633

20 20 4@7 412 1715

21 21 S®8 473 1746

1 22 y 689 474 1763

| 23 23 1 ®3 509 1063

| | | 24 24 436 512 1706
{23456 |7 |89 [ T - 25 25 s@7 513 1743

26 26 6®8  Sl4 176l

— 27 27 7@9 515 1770

Decode ‘ o 28 28 8@ 10 516 1774

29 29 1©6 89 1127

] 30 30 297 860 1453

_ 31 31 3®8 861 1625

Gy Giencrstor + 30 - SOH. 32 32 4 3] 9 862 1712

- 33 5®10 863 1745

; . . . —_ 34 4610 950 1713

Bron: A software-defined GPS and Galileo receiver — A single-frequency approach - Kai Borre 1®7 947 1134
—_— 36 268 948 1456

37 4 1713
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FIGURE 6.6. PSD plot of the incoming signal multiplied by a locally generated PRN code

sequence. (a) When multiplying with a perfectly aligned PRN code, the output will show

4 peak at the carrier frequency. (b) When multiplying with a nonaligned code, the output
| will not show any peaks. The IF is 9.548 MHz. The Doppler frequency is the same on IF
. and RF, and thus also the difference between the IF and the peak frequency.

Bron: A software-defined GPS and Galileo receiver — A single-frequency approach - Kai Borre
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FIGURE 7.20. The block diagram of a complete tracking channel on the GPS receiver.
Bron: A software-defined GPS and Galileo receiver - Kai Borre
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x 107 Correlation results, in—phase arm

3r .
: ;
e I
P
‘ ;
: 0, T
20 40 60 80 100 120
Time [ms]
% 107 Correlation results, quadrature arm 10’ Correlation results, in—phase arm
23
2
1.5
: 6
US k el 2 : - A £ 4 f ] - .. '.':‘.' )\;“_ ‘1 !'\ -, 2 ;"_:‘;\"" "!’\\‘.\.'.\.-"Il{.ﬂ "."- t“: .- “!l.
Voo b alytis e e Moy \ TSN b AU S
20 40 60 80 100 120 | b : A2 " Bl e B L —
Time [ms] 20 40 60 80 100 120

Time [ms]
FIGURE 7.13. Output of the six correlators in the in-phase and quadrature arms of the

tracking loop. Acquisition frequency offset is 20 Hz and PLL noise bandwidth is 15 Hz

7 Correlation results, quadrature arm
(for demonstration purpose). x 10
12F e QP
10} E
8t e
6f P
ol i
2; 40 60 80 100 120

Time [ms]

FIGURE 7.14. Output of the six correlators in the in-phase and quadrature arms of the
tracking loop. The local carrier wave is in phase with the input signal.

Bron: A software-defined GPS and Galileo receiver - Kai Borre
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Alignment van code onder de ruis:

- Lock op een of meer msec aan PRN code,
positieve of negatieve piek boven ruis

- Daarna zoeken naar (mogelijke) bit-transitie
op exact 20 msec

- A-GPS met mternet veel bits zijn al van tevoren bekend
- A-GPS me minuut aan goed ontvangen data van

elke satellet/alamanac

alle bits zijn bekend (tot er 2 uur om is en nieuwe data
verwacht wordt)

CO®S



Subframes

29 Broadcast data organization: frames, subframes, and words. Each subframe has ten words. Each
has 30 bits and takes 0.6s. Subframes 1, 2, and 3 repeat every 0.5 min; subframes 4 and 5 repeat every
min. Subframes 1, 2, and 3 are specific to the transmitting satellite; 4 and 5 are common to all satel-
£ach subframe contains a time tag in the handover word (HOW), broadcast once every 6s. Ephemeris
clock corrections) is broadcast once every 30s. Each satellite broadcasts its own ephemeris. Almanac,

corrections, and UTC offset are broadcast in pieces, over 25 frames or 12.5 min. Each satellite
the complete almanac.

Bron: A-GPS Assisted GPS, GNSS and SBAS - Frank van Diggelen
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Eisen aan ADC en front-end in het geval van smalbandige interferentie (CW, SSB, bijv @ 23 cm + E6)

4.2.5  Analog-to-Digital Converter

The final component in the front-end path is the analog-to-digital converter. This
tevice is responsible for the conversion of the analog signal to digital samples.
Ihere is a wide variety of ADCs available on the market, with a dizzying set of
parameters for each. Consider, for example, the Texas Instruments ADSE30 ADC,
see focus.ti.com/lit/ds/symlink/ads830.pdf. Such an ADC has an overwhelming
number of parameters, the majority of which are not discussed here. An applica- ey ; ——
tion nole can help wsers sort out the vericus parsmeters associated with ADCa: -;I_{'grnduu_nn in the resulting processing is less than 2 dB: see Bastide et al. (2003).
see Anonymous (2000). Further, if conservative 2- or more bit sampling is utilized with proper quanti-
The key parameters to consider for this discussion are the number of bits, the zation, the degradation is less than 1dB. The minimum number of bits on most
maximum sampling frequency, the analog inpur bandwidth, and the analog input commercial ADCs is B as is the case for the ADS830. Thus, in designing a GNSS
range. front end, it is most convenient to either utilize a hard limiter to obtain a single
‘ The CIJMA. nature of the GNSS signal n:quljr-:s very little dynamic range from bit or use a commercial ADC taking all or just a subset of the resulting bits of
the sampled signal. It has been shown that if single bit sampling is used, then each sample. It is also important 1o recognize that if multibit sampling is em-
ployed, then some form of gain control must be implemented to provide proper

quantization.
One might ask if the penalty for using single bit sampling is less than 2 dB, why
Bastide, F. Akos, D, Macabiau, C & Returier, B. any front end would utilize multibit sampling and then incorporate the overhead
(2003), Automatic Gain Control (AGC) as an associated with automatic gain control? The key point to remember is that the

interference assessment tool. In 16™ International Ir:*.-'n-;-lllmn le.lﬁ []ll:ﬂi-l:!l}'.l'!i- for the ideal case. If, for example, there exists narrow-
band interference within the GNSS L1, then single bit sampling will be captured

Technical Meeting of the Satellite Division of the : i B
by the interference source and prevent GNSS processing. Thus, although the theo-

Institute of Navigation, pages 2042-2053 retical penalty for single-bit sampling is less than 2 dB, the nature of the operating
environment may dictate the need for multibit sampling.

@@@ RF-SEMINAR 2020
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x 10

10

Ocurrence

—GPS L1
—GALILEO LI

0 | | | | I
-4 -3 -2 -1 0 1 2 3 4

Doppler Frequency Offset [kHz]
https://gssc.esa.int/navipedia/index.php/GNSS Interference Model

@@@ RF-SEMINAR 2020

12 Juli 2020




Range-Resolution: snelheid propagatie beinvloed door Total Electron Content tussen satelliet en antenne

FALY 210" a1y’ u" 1a' B 15" [2+)

. 2 car cycle v2.54 FI107
0 51 T T

! ! I

g Al = =
£00 -
on° _- , .
A ‘; 5
iy 2 .
r; B
ﬂnl ;D‘ﬂ g = _:
50 100 -
An E
2y’ 20" 2 u" 44" " 14" 10" F
s m— —" ——— v Llpﬂinn1 75 1947 1982 136¢ 1967 1974 681 ‘OBB 1994 2001 2008
O B ED 20 k) AGD ABD EO AL FED B ABL B Feara
frameless & frameless o

Figure 1: Figure at left: Vertical Total Electron Content in units of 0.1 TECU s ~ 1.6 em of delay in the GPS L1
signal at 19UT of the 26th of Juhe of 2000. The plot at right shows the Solar flux evolution during the last solar
cycles.
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Effecten van Multipath op GPS BPSK / Gold code en Galileo BOC codes

1

80
e =] .0
60k —d= 0.5
—d=0.1

——g = ]
~=ed=05

=i =)
d=0.1(C/A)

Ranging error T [m)

o —

0 100 200 300 400 500
Multipath delay & [m)]

FIGURE 7.17. Multipath error envelope for noncoherent early/late detector for C/A code.
« = (.5. The positive multipath error corresponds to constructive interference while nega-

| live multipath error corresponds to destructive interference.

_80 A A ' A J
0 100 200 300 400 500

Bron: A software-defined GPS and Galileo receiver - Kai Borre Multipath delay & [m]

FIGURE 7.18. Multipath error envelope for noncoherent early/late detector for BOC(1,1).
Negative ranging error corresponds to destructive interference.
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* GPS RF frontends keuze

* Voor oplossingen zonder module (zelf alle processing doen)

12 Juli 2020
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* GNSS rec

Actve antenna
Gain = 30dB
Noise figure &~ 2.5dB

\%

eiver RF frontend

Analog-to-digital

Amplifier(s) Amplifier(s) converter
Gain =~ 50dB Gain = 50dB fsampling = 38.192 MHz
Noise figure = 4,0 dB Noise figure =~ 4.0dB 4-bit samples
—»BPF BPF |—>{ >—»[BPF}—>{ADC
Bandpass filter Bandpass filter Bandpass filter 1
Seenter = 1575.42 MHz Jeenter = 47.74MHz  feenter = 47.74 MHz
3dB BW = SO MHz 3dB BW = I§MHz 3dB BW =~ 6.0 MHz
Sampled signal
lo be processed
IF = 9.548 MHz
TCXO TiEs
£ =1000MHz O > PLL Sampling
PLL output clock
f = 1527.68 MHz

@ 7dBm

Bron: A software-defined GPS and Galileo receiver — A single-frequency approach - Kai Borre et al
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Implementatie van GNSS receiver front-end

Discreet: Andrew Holme's Homemade GPS Receiver (September 2014 GPL)

Single-chip RF frontend: stabieler, I/Q sampling en multi-bit ADC (0 en 90 deg LO) mogelijk

Volledige controle over software-definieerbare aspecten van GNSS ontvangst

Ontvangers zonder module, met, open-source of zelfontwikkelde software:
Swift-nav Piksi receiver (2013): Maxim MAX2769 + Xilinx Spartan-6 FPGA + STM32 Cortex M4

a - ale - - alaYala a - ANERY, - ) A- as - - - alaalta -
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KIWI-SDR Beagle-bone shield: Skyworks RF frontend
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* SiGe SE4110L (2006) [ ™+

LNA_OUT JH }_i MIX_IN

* Automatic gain
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fﬁlu/\%ﬁeference {

I Buffer
WTUME T T
LL Loop

P
‘ Filter ATALY ATALZ

https://ccar.colorado.edu/gnss/files/SE4110L_Datasheet Rev3.pdf
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Swift-Nav Piksi Commercieel, Open-Source GPS L1 receiver (Kickstarter 2013, Colin Beighley en Fergus Noble

External Patch
Antenna Antenna

Samples, - ~
Clock High-speed
Front-end > SwiftNAP FIFO USB UART UsSB
o (MAX2769) |, .| (Spartan-6) (FT232H) |~
: P U,:.,RTI
Config. SPI1 X uC ALB
Flash SPI2 | (STM32F4)
Figure 2: Piksi Block Diagram
D I GPS RTK t Ll Programmable notch filters
oel. me —
band signalen, rover Samples J = |
en base, differential | r =K } '
pSEUdO'rangeS Sample L] Cw Sample Acquisition Tracking Master
RAM detector RAM channel channels Timer
STM32F4 + FPGA + | ‘ vt 1 il : t se
Maxim e o e :

Timing signal

Bron: https://docs.swiftnav.com/pdfs/piksi_datasheet v2.3.1.pdf (via Archive.org 12 sep 2014)
Figure 3: SwiftNAP Block Diagram
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https://docs.swiftnav.com/pdfs/piksi_datasheet_v2.3.1.pdf

* Swift-Nav Piksi: Maxim MAX2769C
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https://datasheets.maximintegrated.com/en/ds/MAX2769C.pdf
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Swift-Nav Piksi: MAX2769C multi-bit digitizer: nauwkeurigheid

2-BIT ADC TRANSFER CURVE 3-BIT ADC TRANSFER CURVE
35 - N
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1
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https://datasheets.maximintegrated.com/en/ds/MAX2769C.pdf
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e Andrew Holme’'s homebrew GPS receiver (May 2013

Front-end
Signal processing up to and including the hard-limiter:
+28dB +20dB +20dB +20dB +20dB +59dB
IF P
sAw Hezz=orr IF 3-L IF 31- S Lvos
T T IF N
1575.42 MHz]  MGA-86563 22.6 MHz discrete (6 x BFS17) LMH7220
Commercial patch antenna ‘ Frac-N LO balanced IF Hard-limiter
with integral LNA & SAW 1552.82 MHz -3dB bandwidth ~ 2.5 MHz (1-bit ADC)
sgn(sin(wet)) Sampling rate = 10 MHz Software
E P FFT Length = 40000 (4ms)
a @ re re Complex
IF N Conjugate ®
0"
’ i -im Multiply

10 MHz 0°
under- — sgn(sin(wct))

. im im) i
sampling _leg_ ﬂh sgn(cos(wct))
clock C/A Code — > —
FPGA
Bron: http://www.aholme.co.uk/GPS/Main.htm
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Input Current
VS.
Differential Input Voltage
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5
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https://www.ti.com/lit/ds/symlink/Imh7220.pdf
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e KiwiSDR.com (Maart 2016)

KiwiSDR: Wide-band SDR + GPS cape for the BeagleBone Black o

: 5 Hm*jﬂﬂ"f

;@n
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* Hardware en software voor KiwiSDR GNSS ontvanger

* Tracking: Correlator based approach (weinig FPGA resourc

* Code search: Beaglebone software (FFT/IFFT methode)

6.4.2 GPSDO possibilities

[f anyone knows of some simple hardware changes that could be made to enable actual GPSDO
experimentation I'd really like to know. There 1s a DNL U.FL connector and coupling cap for supplying
an external clock input. But any experimentation 1s probably limited by the quality of the L1 PLL
inside the chip. But I don't understand enough about GPSDO issues to know.

Questions:

* Any opinions about this from you GPSDO experts?

http://kiwisdr.com/docs/KiwiSDR/KiwiSDR.design.review.pdf
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John Seamons Kiwi-SDR frontend: Skyworks SE4150, FL101 SAW filter, 16.368 MHz TCXO PN

["193 E:LQZ TP102
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http://www.kiwisdr.com/docs/KiwiSDR/kiwi.schematic.pdf
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* SAW filter ‘FL1071’

* Geen bijpassende datasheet gevonden

Mogelijke alternatieven
Mouser: 2..3 MHz bandbreedte 1575.42 MHz

* Abracon AFS20A02-1575.42-T3 2 MHz

* RF360/Epcos B39162B9417K610 2 MHz January 23, 2009

* EOL RF360/Qualcomm B39162B4060U810 January 31, 2013
Digikey:

* Kyocera SF14-1575F5UUA1 3MHz

* Taiyo Yuden F6KA1G5751L4A)-Z 2 MHz

* Enkele varianten Kyocera/Taiyo Yuden
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KiwiSDR/John Seamons RF Frontend: Skyworks SE4150

R
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https://media.digikey.com/pdf/Data%20Shee Qrks? oZOPDFs/SE4150I DS.Ef
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- Quantity
Compare | @ Digi-Key Part |Manufacturer .| Available |UnitPrice | Minimum .
Parts ﬂ Number Part Number Description 7 Quantity |Fackaging

’ Tape &
863-1354-2-ND RECEIVEE 12,000 - Reel
o B SE4150L-R  SKMWOKS — gpg Factory  Obsolete : m®
Solutions Inc. 1575 49MHZ
: Stock @ Alternate
24QFN Packaging
’ 863-1354-1-ND SECEIVEE ﬁ‘fﬁgd_iate CutTape
b - L e
o B 7 SEalsoLR  SKMOKS - Gps 12,000-  §3 05000 . ©n®
| 1575.42MHz | Factory Alternate
24QFN stock (2) Packaging
L o mmediat Dig-
: 863-1354-6-ND FECEIVER Mmmediale
o I 7 SE4lSOLR SRS - Gps 12000 pig-reele -  Reel®(®
+ 1575.42MHz Factory Alteﬁwate
24QFN stock (2) Packaging
(D RFIC'S +
: Skyworks
O : SE4150Z-W-ND SE4150Z-W 2 =t I*é“ISSDUI_ES 0 Obsolete : suk(®)

https://www.digikey.com/products/en?keywords=SE4150
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KiwiSDR/John Seamons post-processing FPGA
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* Maar in hardware vooral alles 1-bit...

GPS
e >ampler Mem ——— 16b
64k x 1b
demod ch1-8
Early delay-locked loop
SW — NCO — C/A —»r
: -
Late
costas loop
Precise w w | { o m - C
» NAV
P C data
GPS:

acquisition data sampler &
tracking demod channels
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Kristal uit Kiwi SDR design review (2016)

3.3V LVCMOS Surface Mount
Crystal Clock Oscillator CONNOR

CWX823 WINFIELD

In Stock at Digi-Key
Input Characteristics
Parameter Minimum Nominal Maximum Units Notes
Enable Voltage - (Vih) =272 - - Vdc 2
Disable Voltage - (Vil) - - <038 Vdc

LVCMOS Output Characteristics

Parameter Minimum Nominal Maximum Units Notes
Load - - 156 pF
Vottage 13 (s =97 : 0.33 Vde
High (loh -8 - -
Duty Cycle at 50% of Vcc 40 50 60 %
Rise / Fall Time 10% to 80% - 2 6 ns
Start-Up Time - - 10 ms
Period Jitter - 3 5
Integrated Phase Jitter . 0.3 10 ps RMS

(BW=12KHz to 20MHz)
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* Uiteindelijke schema: 66 MHz clock voor ADC
* J5 UFL als clockinput mogelijk met AEXT low

CTS 357 series
pull +/— 50 ppm 338
stab +/— 50 ppm S
phase jitter <= 1 ps rms | z_.“ﬁ )
-90 @ 100
-130 @ 10K _
—150 > 100K U402
4 lvce RF |—=—AXO_{
66.6666 MHz
1 N 2
AEXT)——9 EN GND —
NC75Z125
3 [ un 4
GND Y
J5 i;
=(o ECLK 2|, .
Sl L ok veel 54 JHﬂ ,
S
U403
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* Conclusie:
Hardware kandidaten voor eigen implementatie GPS-DO

* KiwiSDR — Chips en boards (voorlopig) leverbaar

* Piksi (discontinued, wel dual-frequency opvolgers, maxim chip en
onderdelen leverbaar)

- TCXO defineert afwijking in 66 MHz clock rel. tov. GPS (of E1 Galileo via
SW), reeds zichtbaar in KiwiSDR user-interface

- Galileo satellieten zichtbaar in KiwiSDR, maar niet meegenomen in PVT
solution

Voorstel experiment:

- externe (10 MHz) OCXO samplen met 66 MHz clock, 30 MHz low-pass filter,
track cycle drift

- OCXO heater / tempco aansturen met een (precison) DAC en power stage
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GPS TCXO — long term stability clock source

66 MHz ADC clock = OCXO digitisation clock / HF
receiver

External OCXO / Rubidiun nort term stability
clock to be disciplined / verified




