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Pocket SDR



GNSS Software Defined Receiver

GNSS SDR Block Diagram I
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GNSS SDR RF Frontends

RF Frontend Vendor # of CH RF Band ADC RF LSI FPGA Host I/F
USRP N210f | - Ettus Research ég: i'?;((; 6DGC I-:z ~ 1(1;(1) Ilo\iltsps Dauglii:;g:)ard SparI;ZrI; . Et(l"an:egran-et
smplervall | UniColorado | JCHOXI L1 LT siGeaizo - s
Stereold! NSL 2CH (RX) L2I/-Est ’ 226/ i’/lz:s Mcﬁi;iig * | spartan-6 USB 2.0
Blade RF ! NuBand ;E: §$))8 32(.)8“22-_"2; N 4102 I\I:;Ii:ps LMS6002D Cyclone IV E USB 3.0
Lime SDR! micrtl-)isrll]siems ig: g;((; 1??% kGHI-TZ~ ~ (;112 l\tjli:ps LM57002M EICDZCCIEZSFI; usB3.0
NUTA4NT (6! NAaTing:t?gn ACH (RX) LLls//LLZG/ 5 93 ﬂtsps NT1065 Lattice ECP5 | USB 3.0
Pocket SDR - 2CH (RX) L2I/-35;L e | - 231 Itcltsps MA))((22771 ] USB 2.0
USRP N210 GN3S Sampler Stereo Blade RF Lime SDR NUTANT

[1] https://www.ettus.com/all-products/un210-kit/, [2] https://ccar.colorado.edu/gnss/, [3] https://gmvnsl.com/advanced-gnns-hw-sw/,

[4] https://www.nuand.com/bladerf-1/, [5] https://limemicro.com/products/boards/limesdr/, [6] https://www.amungo-navigation.com/




Pocket SDR RF Frontend
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LO Frequency

IF Bandwidth
Sampling Rate
Sampling Type

Host I/F
Power

Parts Cost

: CH1 1525 ~ 1610 MHz (L1 band)

: CH2 1160 ~ 1290 MHz (L2/L5/L6 band)

: 2~ 20 MHz
:4,6,8,12,16 or 24 Msps
: lorl/Q, 2 bits

: USB 2.0, microB
: 5V 140 mA, USB bus power

: ~$50

EZ-USB FX2LP MAX2771 x 2

TCXO 24.000 MHz

Size: 60 x 25 x 15 mm

ver. 2.0 ver. 1.4




GNSS SDR Software

Software GNSS-SDR
URL https://gnss-sdr.org
Current Release v0.0.15 (Aug 2021)
GitHub Stars Y7 966
Processing Mode Post Processing, Real-time
GPS L1C/A, L2C, L5
GLONASS L1C/A, L2C/A
Galileo E1B/C, E5a
S(i;gl\rlz\?s Qz55 i
BDS B1l, B3I
NavIC -
SBAS -
Supported USRP, UmTRX, HackRF One,
RF Frontends Blade RF, RTL-SDR
0S Windows, Linux, macOS, others
Language C++, C

GNU Radio, Boost, FFTW3, VOLK,
Armadillo, LAPACK/BLAS, glog,
gflags, matio, pugiXML, Protocol
Buffers, OpenSSL, RTKLIB

External Library

GNSS-SDRLIB

https://github.com/taroz/
GNSS-SDRLIB

v2.0 Beta (Dec 2014)
¥ 299
Post Processing, Real-time
L1C/A
L1C/A
E1B

L1C/A, L1SAIF, LEX

B1l
L1C/A

SiGe GN3S sampler v2/v3,
Stereo, Blade RF, RTL-SDR

Windows, Linux
C, C++/CLI

FFTW3, LIBFEC, RTKLIB, libusb

Pocket SDR

https://github.com/
tomojitakasu/PocketSDR

ver. 0.7 (Feb 2022)
¥c 48
Post Processing
L1C/A, L1C, L2C, L5
L1C/A, L2C/A, L30C
E1B/C, E5a, ES5b, E6B/C

L1C/A, L1C/B, L1C, L1S, L2C,
L5, L5S, Le6D/E

B1l, B1C, B2I, B2a, B2b, B3I
L5-SPS
L1C/A, L5

Pocket SDR RF Frontend
Windows, Linux

Python 3, C

FFTWS3, LIBFEC, LDPC-codes,
RTKLIB, CyAPI or libusb-1.0




Pocket SDR Software

RF Frontend Utilities
— pocket_conf : Device Configurator for RF Frontend
— pocket_dump :IF Data Sampler for RF Frontend

GNSS SDR Software
— pocket_psd.py : PSD Analysis of Sampling Data
— pocket_acq.py : GNSS Signal Search and Acquisition
— pocket_trk.py : GNSS Signal Tracking and Navigation Data Decoding
— pocket_snap.py :Snapshot Positioning with Sampling Data

Environment

— Windows or Linux, Python 3 (Numpy, Scipy and matplotlib)

Digital IF data: FILE = L1 bin - L X N SIG=E1B.PAN = 4, FILE = L1bin, T= 10.60s } }
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Supported GNSS Signals

Spreading Code

Spreading Code

Freq. q q " Nav Freq. . q " Nav
System (MHz) Signal Modulation Prm.\ary Ove.rlay Data System (MHz) Signal Modulation Prm.\ary o\,e'ﬂay Data
(chips) (chips) (chips) (chips)
L1C/A BPSK(1) 1023 - LNAV L2C-M 10230 - CNAV
1227.6 BPSK(1), TDM
1575.42 |L1C-D BOC(1,1) 10230 - CNAV-2 L2C-L 767250 - -
L1C-P | TMBOC(6,1,4/33) 10230 1800 - L5-1 BPSK(10) 10230 10 (NH) CNAV
GPS L2C-M 10230 - CNAV L5-Q BPSK(10) 10230 20 (NH) -
1227.6 BPSK(1), TDM QzZss 1176.45
L2C-L 767250 - - (cont.) L5S-1 BPSK(10) 10230 10 (NH) L5S
1176.45 L5-1 BPSK(10) 10230 10 (NH) CNAV L55-Q BPSK(10) 10230 20 (NH) -
' L5-Q BPSK(10) 10230 20 (NH) - L6L 1048575 - -
1602.0 + 1278.75 |L6D BPSK(5), TDM 10230 - CLAS
L1C/A BPSK(0.5) 511 10 GLO-STR
0.5625K L6E 10230 - MADOCA
GLONASS 1246.0+ L2C/A BPSK(0.5) 511 10 GLO-STR 1561.098 | B1I BPSK(2) 2046 20 (NH) bl
0.4375K ' ' - D2
L30Cd BPSK(10) 10230 10 (NH) | GLO-STR B1C-D BOC(1,1) 10230 - B-CNAV1
1202.025 1575.42
L30Cp BPSK(10) 10230 5 (BC) - B1C-P | QMBOC(6,1,1/11) | 10230 1800 -
E1-B CBOC(6,1,1/11) 4092 - I/NAV 20 (NH) D1
1575.42 1207.14 |B2I BPSK(2) 2046
E1-C CBOC(6,1,1/11) 4092 25 - BDS - D2
E5a-I BPSK(10) 10230 20 F/NAV B2a-D BPSK(10) 10230 5 B-CNAV2
1176.45 1176.45
Galil E5a-Q BPSK(10) 10230 100 - B2a-P BPSK(10) 10230 100 -
alileo
ESb-I BPSK(10) 10230 4 I/NAV - B-CNAV3
1207.14 1207.14 | B2b-I BPSK(10) 10230
ESb-Q BPSK(10) 10230 100 - - B2b-PPP
E6-B BPSK(5) 5115 - C/NAV 20 (NH) D1
1278.75 1268.52 | B3I BPSK(10) 10230
E6-C BPSK(5) 5115 100 - - D2
L1C/A BPSK(1) 1023 - LNAV NaviC 1176.45 |L5-SPS BPSK(10) 10230 - IRN-NAV
av
L1C/B BOC(1,1) 1023 - LNAV 2492.028 | S-SPS BPSK(10) 10230 - IRN-NAV
Qzss 1575.42 | L1C-D BOC(1,1) 10230 - CNAV-2 1575.42 |L1C/A BPSK(1) 1023 - SBAS
L1C-P | TMBOC(6,1,4/33) 10230 1800 - SBAS 1176.45 L5-1 BPSK(10) 10230 10 (NH) | L5SBAS
L1S BPSK(1) 1023 - L1S ' L5-Q BPSK(10) 10230 20 (NH) -

Red: supported by pocket_acq.py and pocket_trk.py




GitHub

€) tomojitakasu/PacketSDR X+

< C & github.com/tomajitakasu/PocketSOR B 2 %

Pulls lssues Marketplace Explore

Other 0.2%

PocketSDR - An Open-Source GNSS SDR,
ver. 0.6

Overview

PocketSDR is an open-source GNSS (Global Navigation Satellite System) receiver
based on SDR (software defined radio) technology. It consists of a RF front-end
device, some utilities for the device and GNSS-SDR APs (application programs)
witten in Python. It supports almost all signals for GPS, GLONASS, Galileo, QZSS,
BeiDou and SBAS.

The RF front-end device consists of 2 CH Maxim MAX2771 GNSS RF front-end IC
(LNA, mixer, filter, ADC, frequency synthesizer) and Cypress EZ-USB FX2LP USB 2.0

lar + tto boct DCe Tha fonnt and CH1 ic dad oL

MISS 11 band

B tomojitakasu / PocketSDR  Public X Unpin  @Umwaich 9 = | % Fork 15 ¥ str 48 -
<> Code (D Issues 1 11 Pullrequests  ® Actions [ Projects M wiki @ Security |7 Insights
P master - Gotofle | Addfile~ About &

No description, website, or topics
¥ tomojitakasu Add sample data links. ontdlan @M provided.
m oW PocketSDR ver.0.1 4monthsago L Readme
o View license
I HW Add PCB schematic and layout PDF 3 months ago
Yr 48stars
M bin Updated. lastmonth & g watching
W conf CH2 filter order: 3rd -> 5th lastmonth ¥ 15 forks
B doc PocketSDR ver.0.1 4 months ago
B driver/Win10/x64 Added. lastmonth  Releases
M image Add images 2 months ago
m e Added. last month
thon Support tracking of L6D, L6E last month
i il 9 Packages
M sample Add sample data links lastmonth s published
Publish your first package
m s Add -lavrt to LDLIBS for Windows. last month ubstsh your fist packag
[ UCENSEt PocketSDR ver.0.1 4 months ago
Languages
[ README.md PocketSOR ver.0.6. last month 9uag
® Python551% @ C288%
= READMEmd A e Cealdin @ Assembly 17%

€) tomojitakasu/PocketSDR X 4+

&«

C @& github.com/tomojitakasu/PocketSDR
README.md

The RF front-end device consists of 2 CH Maxim MAX2771 GNSS RF front-end IC
(LNA, mixer, filter, ADC, frequency synthesizer) and Cypress EZ-USB FX2LP USB 2.0
controller to connect to host PCs. The front-end CH1 is dedicated for GNSS L1 band
(1525 - 1610 MHz) and CH2 is for GNSS L2/L5/L6 band (1160 - 1290 MHz). The
frequency of the reference oscillator (TCXO) is 24.000 MHz and ADC sampling
frequency can be configured up to 24 MHz.

PocketSDR contains some utility programs for the RF front-end device to configure
the device, capture and dump the digitized IF (inter-frequency) data. These supports
Windows, Linux and other environments.

PocketSDR also provides GNSS-SDR APs to show the PSD (power spectrum density)
of captured IF data, search the GNSS signals, track these signals and decode
navigation data in them. The supported GNSS signals are as follows. These APs are
written in Python by very compact way. They are easily modified by users to add
user's unique algorithms.

GPS: L1C/A, L1CP, L1CD, L2CM, L5I, L5Q, GLONASS: L1C/A, L2C/A, Galileo: E1B, E1C,
ESal, ESaQ, ESbl, ESbQ, E6B, E6C, QZSS: L1C/A, L1C/B, L1CP, L1CD, L1S, L2CM, LS|,
L5Q, L5SI, L5SQ, L6D, L6E, BeiDou: B1l, BICP, B1CD, B2I, B2aD, B2aP, B2bl, B3I, SBAS:
L1C/A, LSI, L5SQ

Package Structure

PocketSDR --+-- bin  PocketSDR utility binary programs for Windows

+-- src PocketSDR utility source programs

+-- python PocketSDR utility Python scripts

+-- 1ib External shared library for Python scripts

+-- conf  Configuration files for device settings

+-- driver Windows driver for EZ-USB FX2LP/FX3 (cyusb3.sys) ([4])
+-- doc Documents (ref {1], [2])

ve- FW Firmeare source programs and images

| +-- cypress Cypress libraries for EZ-USB firmmare development

https://github.com/tomojitakasu/PocketSDR




Applications of Pocket SDR



QZSS L6 Signal

Qzs-1 Qzs-2, 3,4, 1R, ...
CLAS 1744 bps 2000 b CLAS 17441 2000 b
" P I Rs(255,223) b —122 0P8 1 Rs(255,223) Ps

LeD L6D L6D

4 ms, 2.5575 Mcps (LEX-S) 5.115 4 ms, 2.5575 Mcps L6D 5.115
L61 Code 1 » CSK w L62 Code 1 > CSK w

L6 L6

410 ms, 2.5575 M 4 ms, 2.5575 M

161 Code 2 ms cpsAr ? 4ms L62 Code 2 ms cps | csk ? 4ms
L6L L6E
(LEX-L) 1
820 ms cyc : 1744 b
0,1,0,1,.. CLK L6E 72 OP° )1 Rs(255,223) CLK
5.115 MHz MADOCA-PPP 2000 bps 5.115 MHz
(Experiment)
Header(49) PRN(S) 2000 bits = 250 symbols=1s 2000 bps
?;?)s | [ [ Message Body (1695) | Rs(256) |
‘ ‘ | Preamble(32) 8 bits/symbol
¢ l l 2.5575 Mcps
1 symbol =4 ms 4 ms 4 ms /
L6D [ [ 5
10230 chips 10230 chips - 10230 chips —
symbol 0 symbol 1 symbol 2
(shift: 0-255 chips) (shift: 0-255 chips) (shift: 0-255 chips)

e (] ][] [ EIEIEIEIEIEIEIEIDEIEIEIEIDEIEIDD

LeD LeD LeD
L6L/E L6L/E
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L6 CSK Receiver (1/2)

Existing Technique to Decode L6 CSK
— Decoding CSK referenced to L6L pilot (only for QZS-1)
— Decoding CSK referenced to L1 or L2C pilot (need dual freq. or wide BW)
— No Tracking L6D/E directly (no pseudorange or carrier-phase w/o DLL or PLL)
— NovAtel (only track QZS-1), u-blox D9C (L2C pilot), Allystar HD9310 (L1 pilot ?)

L6 CSK Receiver w/o pilot signal by Pocket SDR
— pocket_trk.py (ver. 0.6 ~)
— Narrow BW (10 MHz) IF to track BPSK(5)
— L6 Pseudorange and carrier-phase available for PVT

CSK Symbol [ b v
L6D Code FET ® FET > Interp. |, Detect Frame N Decode
+ Corr. Peak [ Sync RS
E, L v L6D Nav Data
IF Carrier i P

IF Carrier \g { FLL/pLL P _

. NCO y ¥ L6 Carrier-Phase
Signal ™ ier ' >
—> FFT ¢

Sample [ >
f E L N L6 Pseudorange
DLL [« <,
Code Offset A
E, L
(Optional) L6E Code FET c;) FET > Interp. L, Detect [— Frame [ J Decode
Corr. Peak Sync RS

P
CSK Symbol | L) L6E Nav Data




L6 CSK Receiver (2/2)

Generate Correlator Outputs EPL

Datax _ per

Carrier Interp. Detect FLL/PLL
IFFT > Peak

Code —»FFT o = Pt

1 chip =
391 ns

* peak PM E

a
)I
1

+255 (chips)

-255 -95
Code Shift

J

Frame Synchronization

/ 1frame=1s

<|—95|86|131|—92|72|

0 (Code Offset
at Acquisition)

1 symbol
=4 ms

[—

|
[ 95 [ 86 131 02| 72|

[ o [181]226] 3 [167]

P 1

[ o [181]226] 3 |167]

+95| S |1i1|2%6| 3 | 167 |

1 :V 1l ‘: Compare I
<| 0 |181|226| 3 | 167 |

[ 26 [207] 252 [ 29 | 193
PRN

[ 26 | 207 ] 252 [ 29 | 193 |
PRN

Preamble Preamble

-0.2

NAV
DATA

. PocketSDR - GNSS SIGNAL TRACKING - o

SIG = L6D, PRN = 194, FILE = L6.bin, T= 15.60 s

1+ sign(1P)

IP= 0.076
QP=-0.007

E= 0.027 P= 0.076 L= 0.007 IP- QP

eyt e e e e

(ms)

2965 2966 2967 2968 2969 2970 2971 -03 =02 =01 00 01 02 03

COFF= 2.9681256 ms DOP= -203.8 Hz ADR= -3180.3 cyc C/NO= 42.9 dB-Hz Ld

A AUNA NN A oy i~ A o T 1 .
VST SN A AA AN R AT v WA 0]

SYNC=-BF- #NAV= 14 #ERR= 0 #L0L= 0 NER=0SEQ= 0 (s)

6 148 150 152 154 156

16.74: 1ACFFC1DC]
11.74: 1ACFFCIDC2A17F49EF19200AAB2760655FF21708180BD0403FE3FECFBOF 1FFA401500520131FBDDFE27FAGF .
12.74: 1ACFFC1DC2A0000088078780783B027FFD3FERFCO2003DE221DDE25BCA7E4BAE20DOFF60051C0020201E00.
13.74: ]ACFF[ll)EZAB?E13FA5575lSBDlF”ElBB‘)BBB#BSZM(ZEIAZFli\1EE97E9lFEBEFF,SBFABDETNA(S]SBZEGS. .

C/NO (dB-Hz)

ocket SDR - GNSS SIGNAL TRACKING LOG - o

65

SIG = L6D, PRN = 194, TYPE = C/NO, FILE = L6_20220212.log

# L6FRM = 61623 / 86400 (71.3 %)

¥ [\
" Vi

] 2 4 6 8 10 12 14 16 18 20 2

Hour (GPST)

24H Real-time Tracking Status by pocket_trk.py
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Snapshot Positioning (1/2)

Snapshot Positioning Snapshot Positioning Flow

NAV Coarse Coarse (No Coarse
— i data Position Time Position)
Recode only DIF data in < 100 ms (<60km) (< 1min) :
. |
— PVT by post-processing !
.. I
— NAV data provided by external sources Segg‘;zl}i’t"‘é':"e !
|
— Very low power consumption by duty-cycling Visible oiF :
eye . Sat List data '
Snapshot Positioning by Pocket SDR Vyoee ]
~ Parallel Code Parallel Code
- pocket_snap.py (Ver- 0.7 ) Search with Search with
. Doppler
— GPS L1C/A, Galileo E1C, QZSS L1CP, BDS B1CP Freq.
Y
— 4 or 6 Msps x 1/Q x 2bits x 8 ~ 20 ms DIF | Positioning by
. - Doppler Freq.
— Input RINEX NAV for Ephemerides
Code Coarse
Snapshot Receiver Example Offsets | [ Position
V CPU: STM32L4 (16MHz) Power Budget Resolve milli-seconds
MAX D MAX2769B : 20 mA x 25 ms Integer Ambiguity
27698 |1 CPU 32GB STM3214  :0.5mA x105 ms
TCXO :1.5mA x 25ms Code Phases ¢
m CR3032 SD-Card : 30mA x 80ms R
; (3V, 500mAH) Subtotal : 0.0083 mAH / snapshot i PVT by Code Phases
6 Msps x I/Q x 2 bits x 20 ms = 60 kB / snapshot Standby : 0.0002 mAH /H ¢
60 kB x every 1 min x 370 days = 32 GB Total : 444 mAH / (1440 x 370) ) . .
Time, Fine Position 13




Snapshot Positioning (2/2)

4 Mspsx8ms,GPS = -

L

. .
., .30 *
s T
.
- ‘ - + -
P4 .’.—. t s * *
* RS POE Ni *
Toe e v, LR .
) % HE Y 2 .:‘ .
* * .oo.:....~. o . *
* L (Y R adid .
b S . 1w PO o‘ﬂ'.o ‘e
-60 . 307 SR e P E R 4 60
.0 P .'. %""o.‘o ; i *
LR, R ol * *
e S ) 0"“ 0..
* @ . ., . *
Y ALIN - 3.°.~,-|
[ * >,
* v - % *
. : 16 kB / snapshot
.
* *
#SAT=6"~8

-dn *
10m

RMSE E: 29.34 m, N: 22.99 m, U:35.71 m +——

6 Msps x 20 ms, GPS+GAL+QZS

60 kB / snapshot
#SAT =12~ 15

10m

RMSE E: 4.75 m, N: 5.86 m, U:13.98 m P

6 Msps x 8 ms, GPS+GAL

-60 -40 20 40 60

24 kB / snapshot
#SAT=10~14

10m

RMSE E: 5.43 m, N: 7.83 m, U:18.80 m =

6 Msps x 20 ms, GPS+GAL+QZS+BDS

* 'i..o
60 kB / snapshot
#SAT =20~ 23

1n0m

RMSE E: 3.54 m, N: 5.73 m, U:9.48 m

Horizontal Scatter Plots of 300 Snapshots, Post-processed by pocket_snap.py



GNSS Signal Recorder

| Compact PC |
o\ |

GNSS Signal Recorder by Pocket SDR

— 2 CH x 24 Msps x 1/Q x 2 bits (L1 + L5)
Compact PC (Core i5 7260U, 2C/4T, RAM 8GB)

+ Ubuntu 18.04 LTS (Linux kernel 4.15)
Max Capture Time: ~4.5H / M.2 SSD 512 GB

Signal Analysis by pocket_trk.py mosaic-X5,
i ZED-FoP,

BD990

) PocketSDR - GNSS SIGNAL TRACKING — o X
SIG = E1C, PRN = 3, FILE = ch1_20220201_052327.bin, T= 131.50 s
COFF= 3.0967622 ms DOP= -2945.5 Hz ADR= -34118.2 cyc C/NO= 41.3 dB-Hz
B D:¥data¥20220201¥bd990_20220201_0506.0bs
1 * sign(IP) File Edit View Windows Help
w1 = = Skypot v L1 v AL v & @ B » ERY
N
= 3
030 15
025 §
020 30
015 @ g
010 § 4 %

’gﬁ )
#,w, 7% %
@ 4

5 O'ON @
-0.001 20
+ '\%@ % @ $

[
-0.002 o
Galileo EO3, )
L1 —0.004 E= 0.013 P= 0.026 L=E1<C j @ .

s

02

%
.
e (5) 128

130

1]2022/02/01 05:25:38.000 UTC : N=36 NSAT=35 SMR=...45. ..35.. .25 <25 +

SYNC=S--- #NAV= 0 #ERR= 0 #LOL= 0 NER=0SEQ= 0

Post-processed by pocket_trk.py



Future Work

14 CH GNSS SDR RF Frontend

GPS L1C/A, Galileo E1B/C, QZSS L1C/A and BDS B1C

MAX2769B x 8 + EZ-USB FX2LP (QFP100, 16 bit Slave FIFO) / board

8 CH x 6 Msps x 1/Q x 2 bits / board

14 CH x 6 Msps x 1/Q x 2 bits / 2 boards (each 1 CH for board-synchronization)
Total Parts Cost ~ $150 / 2 boards

For Multipath-rejection, Anti-jamming, Anti-spoofing, ...

CH1

CH2

CH3

CH4

sp; CHS EXT SYNC
|_1J"L —> |_rf"L —> |OOO | EEPROM
MAX | cik MAX |

# L] 27698 |«— # L| 27698 |«— sPI

— —> «

I CH6 L

l—> [—> CLK
P max P max ] CK Uss
7 L| 27698 |«— 7 L| 27698 |+— Gen

—> —> I 2.0

CH7 Tcxo | | SYNC| Ez-usB [« T
Fef . > |-rl"l- «—> FX2LP
I MAX T MAX I (QFP100)
L] 27698 [«— L] 27698 [+*— —0O0O0—
—> —>
CH8

[e—> [—>
He MAX e MAX
F L| 27698 |+— # L| 27698 |«—

— —>

8 CH GNSS SDR RF Frontend Board 14 Elements GNSS Antenna 16



