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LNA: low noise amplifier, BPF: bandpass filter, LPF: lowpass filter, ADC: analog digital converter, AGC: automatic gain control, IF: intermediate frequency, PLL: phase lock loop, DLL:
delay lock loop, FLL: frequency lock loop, NCO: numerical controlled oscillator, LDPC: low density parity check code, RS: Reed Solomon code, PVT: position, velocity and time
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GNSS SDR

* SDR (Software Defined Radio)
— RF Signal Processing by FPGA, DSP, GPP (CPU) or GPU instead of H/W circuits
— RF-frontend: USRP (Universal Software Radio Peripheral) ], RTL-SDR 2], ...
— S/W: GNU Radio [3], LabVIEW 4], MATLAB/Simlink B, ...
— Applications: radio/TV, mobile comm. (WiFi, BT, LTE, ...), radar, measuring instrument, GNSS, ...

— PROS: fast system development, high flexibility by S/W modification, easy upgrade by CPU
replacement, good tool for research, education and training, ...

— CONS: limited sampling rate, narrow BW, high power consumption, large size, heavy weight, ...

* GNSS SDR (Software Defined Receiver) ©!

— GNSS Receiver implemented by SDR
— RF-frontend H/W (+ FPGA) + S/W codes

— Post-processing or real-time F"""&"Eg:;ﬁ @ _ )

— Programming Languages: C/C++, MATLAB, python, ... POSITIONING

— ). B-Y. Tsui, Fundamentals of Global Positioning System Receivers: RECEIVERS
A Software Approach, 2000, John Wiley & Sons 7! CoNs. ot .

— K. Borre et al. (ed.), GNSS Software Receivers, 2023, Cambridge g i o

University Press (8]
[1] https://www.ettus.com, [2] https://rtl-sdr.com/, [3] https://www.gnuradio.org, [4] https://www.ni.com/en/shop/labview.html,
[5] https://www.mathworks.com, [6] https://en.wikipedia.org/wiki/GNSS_software-defined_receiver,
[7] https://onlinelibrary.wiley.com/doi/book/10.1002/0471712582, 4
[8] https://www.cambridge.org/core/books/gnss-software-receivers/7F2858B9EC73EBD40A07602966878430
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OSS GNSS SDR

Software
URL

Current Release
License
GitHub Stars/Forks
Processing Mode
PVT

Output Format

GPS
GLONASS
Galileo
Supported
GNSS Qzss
Signals
BeiDou
NavIC
SBAS
Supported
RF frontends
0s

Programming Language

External Libraries

GNSS-SDR

https://gnss-sdr.org
https://github.com/gnss-sdr

v0.0.20 (April 2025)
GPL-3.0
¥ 1.8k / 639
Post Processing, Real-time
Single, PPP

KML, GeolJSON, GPX, RINEX,
NMEA, RTCM3, Custom

L1C/A, L2C, L5
L1C/A, L2C/A
E1B/C, E5a, ESb, E6B

B1l, B3I

USRP, UmTRX, HackRF One,
Blade RF, RTL-SDR

Linux, macOS

C++, C
GNU Radio, Boost, FFTW3, VOLK,

Armadillo, LAPACK/BLAS, glog, gflags,

matio, pugiXML, Protocol Buffers,
OpenSSL, RTKLIB

GNSS-SDRLIB

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

v2.0 Beta (Dec 2014)
GPL-2 or later
Ye 487 /177
Post Processing, Real-time

RTCM3, RINEX

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

FFTWS3, LIBFEC, RTKLIB, libusb

Pocket SDR
https://github.com/tomojitakasu/

PocketSDR

ver. 0.14 (March 2025)
BSD 2-clause
¥¢ 356/ 111

Post Processing, Real-time
Single

NMEA, RTCM3, CSV Log,

Raw binary
L1C/A, L1C, L2C, L5
L1C/A, L2C/A, L10C, L20C, L30C
E1B/C, E5a, E5b, E6B/C

L1C/A, L1C/B, L1C, L1S, L2C,
L5, L5S, L6D/E

B1l, B1C, B2I, B2a, B2b, B3I
L1-SPS, L5-SPS (,S-SPS)
L1C/A, LS

Pocket SDR FE 2/4/8CH

Windows, Linux, macQOS,
Raspberry Pi OS

Python 3, C++, C

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


https://gnss-sdr.org/
https://github.com/gnss-sdr
https://github.com/taroz/GNSS-SDRLIB
https://github.com/taroz/GNSS-SDRLIB
https://github.com/tomojitakasu/PocketSDR
https://github.com/tomojitakasu/PocketSDR

Pocket SDR

O tomojitakasu / PocketSDR Q Type[7)to search 7] README 218 License Vi

Code (&) lssues 16 11 Pullrequests 5 © Discussions (& Actions [ Projects [0 Wiki @ Security [ Insights

# PocketSDR e 2 tin | ©wan 31 - Pocket SDR - An Open-Source GNSS SDR, ver. 0.14

¥ master = F 1Branch © 0Tags Q Gotofile ¢ Addfle - Overview

Pocket SDR is an open-source Global Navigation Satellite System (GNSS) receiver based on software-defined radio

(SDR) technology. It consists of RF frontend devices named Pocket SDR FE, utilities for these devices, and GNSS SDR
applications (APs) written in Python, C, and C++. It supports almost all signals for GPS, GLONASS, Galileo, QZSS,

W FE2CH Updated. 2 months ago !

BeiDou, NavIC, and SBAS.

% tomojitakasu Fixed #39 982605 - last month 5 898 Commits

W FE4CcH Updated. 2 months ago
The Pocket SDR FE device includes 2, 4, or 8 RF frontend channels, supporting the GNSS L1 band (1525 - 1610 MHz)

W FEBCH Updated. 2 months ago or L2/L5/L6 bands (1160 - 1290 MHz). For these signal bands, refer to GNSS Signal Bands. Each RF channel of the

Pocket SDR FE device provides IF (intermediate-frequency) bandwidth of up to 36 MHz. The ADC sampling rate can
™ app Fix segfault 2 months ago :
be configured up to 32 Msps (FE 2CH) or 48 Msps (FE 4CH and FE 8CH)

bi Updated. last mo

b peed fmonth Pocket SDR also includes utility programs to configure the Pocket SDR FE devices, capture, and dump digitized IF
| conf CRLF->LF 2 months ago data. Additionally, Pocket SDR provides GNSS SDR APs to display the PSD (power spectrum density) of captured IF
data, search for GNSS signals, track these signals, decode navigation data, and generate PVT (position, velocity, and

| doc Updated 2 months ago time) solutions. These utilities and APs are compatible with Windows, Linux, Raspberry Pi OS, macOS, and other
m driver Updated 4 months ago environments.
W image Added 2 months ago The supported GNSS signals by Pocket SDR are as follows. For details on these signals and Pocket SDR signal IDs,
refer to GNSS Signals.
m b Updated. last month
® GPS: L1C/A, L1C-D, L1C-P, L2C-M, L5+, L5-Q
ixed #39 last my
B python Fsed #39 fmont « GLONASS: L1C/A (L1OF), L2C/A (L2OF), L10Cd, L10Cp, L20Cp, L30Cd, 130Cp
| sample ttp -> https. 2 months ago * Galileo: E1-B, E1-C, ESa-l, E5a-Q, ESb-I, E5b-Q, E6-B, E6-C
[ Fixed segfault for INTEX2 format input. ast month * QZSS: L1C/A, L1C/B, L1C-D, L1C-P, L1S, L2C-M, L5-I, L5-Q, L5S-I, L5S-Q, L6D, L6E
* BeiDou: B1l, B1C-D, B1C-P, B2a-D, B2a-P, B2, B2b-I, B3|
o test CRLF->LF

NavIC: L1-SPS-D, L1-SPS-P, L5-SPS
SBAS: L1C/A, L5-1, 15-Q

.

History

These utilities and APs are written in Python, C, and C++ in a compact and modular way, making them easy to modify
for adding custom algorithms.

2021-10-20 (v0.1): Initial draft version.

2021-10-25 (v0.2): Added rebuild firmware and write firmware image to Pocket SDR.
2021-12-01 (v0.3): Added and modified Python scripts,

2021-12-25 (v0.4): Added and medified Python scripts.

2022-01-05 (v0.5): Fixed several issues.

2022-01-13 (v0.6): Added and modified Python scripts.

2022-02-15 (v0.7): Improved performance and added more Python scripts.

2022-07-08 (v0.8): Added C-version of pocket_acq.py and pocket_trk.py.

2024-01-03 (v0.9): Added C-version of pocket_snap.py. pocket_trk now supports multi-signal and multi-
threading

2024-01-12 (v0.10): Added support for NaviC L1-SPS-D, L1-SPS-P, GLONASS L10Cd, L10Cp, and L20Cp.

2024-01-25 (v0.11): Added support for decoding GLONASS L10Cd NAV data and NB-LDPC error correction for
BDS B1C, B2a, and B2b.
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2024-05-28 (v0.12): Performance optimizations. Added support for PVT generation, RTCM3, and NMEA outputs.
2024-07-04 (v0.13): Added GUI-based GNSS SDR receiver AP. Added support for macOS and Raspberry Pi OS5
2025-03-21 (v0.14): Added Pocket SDR FE 8CH. Fixed various issues.

https://github.com/tomojitakasu/PocketSDR
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GNSS Receiver (pocket_sdr.py) (1/3)

Receiver Tab

RF CH Tab

BB CH Tab

# Pocket SDR ver.0.14 - o x # Pocket SDR ver.0.14 - o x ¢ Pocket SDR ver.0.14 - o x
Start Stop Input .. Output .. Signal .. System ... Help Ext Start Stop Input .. Outpat .. Signa .. System ... Help ... Ext Stert Stop Input Output . Signal System Help ... Ext
Receiver RF CH BB CH Correlator Satellites Solution Log Receiver RF CH BB CH Correlator Satelltes. Solution Receiver RFCH BB CH Correlator Satellites. Solution Log
F_5: 16.000000 MHz Fiter BW (MHz) [16.4_~|[3rd | LMA Gan <] avets 001 -] | | Rec B -] System | AL -] state[LOK -] ? BUFE: 2% SRCH: 230 LOCK: 268/1275
Power Spectral Density (dB/Hz) s Histogram I | | & R’ osaT si6 PRM LOX(s) /N0 (dBHz)  COFF(ms) DOP(Hz) ADR(cyc) SYNC #NAV SERF #LOI FEC
Receiver Time (s} 247306 Time (GPST) 20250307 00:21:55. T i T T T Tl | 41 G4 ucA w41 018 umu 02100689 10041 3041233 BRR 45 0 0 O
Input Source #F_Frontend  Solution Status X gggﬁ 035 poipvn I 81 G noa 6 57.59 04350030 34790 2005440 -BFR 8 0 0 0
. - B = || 161 66 uca 16 27818 471 mmlm 03750422 6678 1970407 -BRR 45 0 0 0O
¥ pata it/ # RF €4 Rz © weo= 3 o || 181 618 uca 18 27797 423 JiiNNNl 03293672 9476 2809731 BRR 45 0 0 0
LO Frequencies (MHz) Longitude () 1383 39 9 0.251 } 26 1 G26 LICA 26 276.54 Asl 1 0.6487529  686.0 180646.5 -BFR 4 o0 0 o0 |
1575.42,1561.00,1602.00,1227.60  Altitude (m) 1003.341 b4 0.2 271 627 uca 27 27643 43.7 |INIIN 03932829 28529 8021384 -BFR 44 [ 0 0
|| 221 68 uca 28 27636 44.6 ijiilll 07724474 25018 6768822 BR 44 0 0 O
IHEIDIITEASIZTILIZTI00 & Sats Used /AN e VHS || 221 629 uca 20 27634 405 Jillil 0.7 3644.6  -1000837.3 BF- “4 0 0 0
Sampling 1010,10,101Q,12,10.19  Solution Latency (s) 0.312 Hspg 311 631 LICA 31 27608 490 I[Nl 08041287 -13156  -46611.9 -BF- “4 0 0 0
sampling Rate (Msps) 16,000 Output TLicA 33 RO GICA 7 27581 368 Il 02505432 23475 6443610 SBF- 66 2 0 O
343 R%6 GICA 6 27564 342 || 06203151 13422 3070513 8- 135 0 0 0
# B3 CH Locked /AN 61275 # PUY Sohitions 28 36 3 R0S GICA 4 27544 349 || 09289104 39808 10877631 BR 135 0 0 0
IF Data Rate (MB/s) 645 & OBS/NAV Data 228/446 R 37 3 RIS GICA -3 27533 508 [IIIIIIIIIl 0845219  -750.9 -173073.7 SBRR 135 0 0 0
IF Data Buffer Usage (%) 36 IF Data Log (MB) 0.0 Quantzed Value 38 3 RO GICA -2 27530 486 |I[I|II[Ill  0.6699316 14212 3046240 BFR 135 0 0 0
39 3 RI6 GICA -1 27519 485 [IlilIl[Ill 09755981 -1281.0 3455719 SBF- 135 0 0 0
Histogeam @ 40 3 RIS GICA 0 2755 442 [llilliI 03433121 28731 7894624 BRR 135 0 0 0
Signal C/HO (dB-Hz) 651 0. 43 3 RI9 GICA 3 274.66 41.0 |IlII1 06563755  25685.5 732918.6 SBFR 133 0 0 0
- v 002 443 RI7 GICA 4 27453 393 [l[i] 0063763 37014 9975454 BR 135 0 0 0
sl #4474 GREICIS . Std: 1.86 453 RO7 GICA 5 27444 474 [llIlIIIIl 05121685 -1417.5 -359842.6 SBFR 135 0 0 0O
03] 46 3 RB GICA 6 27433 380 |llI 07121691 17356 5010208 -BRR 120 0 0 O
48] 70 48 1 E02 EIB 2 27349 475 (Il 23340078 9369 2535665 B 135 0 0 0
| _ 033 s31 E07 EIB 7 26099 434 [|[I[l}] 14323021 8367 2300060 8- 134 0 0 0
40, A 0] 541 EO8 EB B 26035 472 [Ilillilll  1.0880850 -18533 4856283 BFR 133 0 0 0
| oisl 71 Ell EB 1 267.42 365 || 34199107 4147 953568 BF 132 0 0 0
35 sk - 701 B25 E18 25 25742 419 [illll 02715689 22624 5834735 8 126 0 0 0O
| | 0.1 76 1 E30 EIB 30 253.57 4.1 1NN 0.2059666 9424 241600.2 -8F- 125 0 o 0
0 — ~ 8 1 E3%6 EB 36 24889 421 [llilll 35635897 16789 4252784 B 123 0 0 0
25 = 1575.420000 Mtz 10 (2 bits) 0051 8 1 302 UCA 194 2802 461 [IlIIIIIl 02111017 8473 2129209 -8R 0 0 0 0
BO i i L - L L " 0! 85 1 03 LUCA 195 247.92 389 |l 0.9062184 52.2 12322.8 8F 40 0 0 0
20 1568 1570 1572 1574 1576 1578 1580 1582 86 1 )04 LICA 19% 247.86 359 |I| 0.2200464 -570.8 -1416329 -8F- 39 0 o 0
0084 RERESIS T 702308 2IBEW. 7901222476 TN EZBIEZEAE I Frequency (MHz) Quantzed vaks 8 1 207 LCA 190 24733 379 || 07751210 3378 847032 BR 40 0 0 0O
Receiver started. (bus/port=, conf=C:/share/PocketSDR/ conf/packet_L1B1611262LSESHLE_1 6MHz.conf) Time: 247.315 8 Receiver started. (bus/port=, conf=C:/share/PocketSDR/confpocket_L181G1L2G2LSESBLE_16MHz.conf) Time: 265.763 § Recewver started. are/PocketSDR/ conf/pocket_L181G1L2G2LSESDLE_16MH2.conf) Time: 281.017 s
Correlator Tab Satellites Tab Solution Tab
# Pocket SDR ver.0.14 - o x ¢ Pocket SDR ver.0.14 - o x # Pocket SDR ver.0.14 - o x
Stert Stop Tput ... Outpat.. Signa .. Start Input Output Signal System Help ... Ent Start Stop Input .. Outpat .. Signal ... System ... Help ... Exit
Receiver RF CH BB CH Correlator Satellites BB CH Correlator Satelites Solution Log Receiver RF CH BB CH Correlator Satellites ‘Solution Log
BBCH [« [ 53 > SATiEN? SIG:E18 PRN:7 LOCK: 208.31s # Sats Used)/Sats Tracked/Signals: 42/74/271 RefPos | Clear | Span(s)[300 | Range(m)[ 10 -
1+ sign(ie) »-qp SAT FCN PVT 0BS EPH SVH AZ(®) EL(®) SIGI GNO SIG2 G/NO SIG3 C/NO SIG4 G/NO SIGS C/NO SIGE C/NO 2025-03-07 00:23:40.0 GPST 35 I763° 13t i6376° 1003.946m 45771 FIX |
04T ! ! ! ! DA | [oos - ok Ok OK 00 2996 324 LicA 433 LD 404 LiP 448 LM 445 (S 443 tsq 436 || el T |
ok 0 | oK OK OK S = R AL e 2 & n 1 |
0.2] | OK OK OK LICP 436 L20M 420 ST 401 U5Q 364 K e [
| OK OK OK LSt 413 (5Q 434 - - - -] 2 |
o | oK oK OK q s o T S i S 2 E
i - » | oK OK 0K UG 473 LM 469 ISI BS5 15Q 466 1 : ' L . 4 |
| oK OK OK - - e T r r -
21 | oK OK OK S - pos N (m} 1
oK
. e 02 : £ S 1
P T 0.3 * % o L T 1
= 1 ; GO (ms) L L1 oK OK OK 6300 416 . 4
14155 1416 14165 1417 14175 1418 14185 1419 54030204 0 010203 04 o 4 . .
oK G0 417 GO 417 T T T
Time (5) - /0P oK OK [ — 1
.3 G/NO: 42.8 Bz COFF: 14173713 ms DOP: 8243 Hz ADR: 2624254 oy SYNC: -8F- #HAV: 148 —P—Qp g: g: & - - - - - - e 1
: .- - S | - - —— —
2 it e st T e
0K OK OK ESAl 48.1 ESAQ 47.8 ESBI 468 ESBQ 46.9 ke |
oK - 4 I I i
oK 0K 0K ESAl 442 ESAQ 440 ESBI 430 ESBQ 42.9
0K OK OK ESAl 468 ESAQ 465 ESBI 46.0 ESBQ 459 C T — ——
0K OK OK $ < . g = S : 2 MprEss i —— - 1
OK OK OK ESAl 413 ESAQ 414 ESBI 403 ESBQ 40.1 5 ’
oK OK OK ESAl 452 ESAQ 453 ES8l 429 ESEQ 428 i ;;_/mf_i —
oK 3
030 0K OK OK 40.5 ESBQ 40.3 = 1
. oK OK OK 473 ISl 482 L L .
308.3 308.4 308.5 308.6 08.7 088 3089 09 300.1 309.2 309.3 ikniiiad o 00:19:00 00:20:00 00:21:00 00:22:00 00:23:00
Recaver started. (bus/part=, conf=C:/share/PocketSOR/confipocket_L181G1L2G2LSESbLE_1GMHz.conf) Time: 309.328 5 Recewver started. (bus/port=, conf=C:/share/PocketSDR/conf/pocket_L181G1L2G2LSESbLS_16MHz.conf) Time: 324.123 5 Recawver started. (busfport=, conf=C:/share/PocketSDR/conf/ pocket_L18161L2G2LSESBLE_16MHZ.conf) Time: 351.960 §




GNSS Receiver (pocket_sdr.py) (2/3)

Input Options Dialog

Output Options Dialog

# Output Options = X

Signal Options Dialog

. ¢ signal Options =

X

System Options Dialog

/| # system Options

System Satellite No GNSS Signals

Output Paths (File: local_path[::!

=tint], TCP: [addr]:port)

@ PVT Solutions (NMEA 0183)
./log/test_%Y%m@%d%h%M.nmea::5=1

@ 085S and NAV Data (RTCM3)
../log/test_%Y%mebdh%M.rtem3::

@ Receiver Log (CSV Text)
../log/test_%Y%m%%d%h%M.lo

# Input Options = X
Input Source O I Data
RF Frontend
Device Selection (Blank: Any) USB Bus/Port
@ Device Configuration File
C:fshare/PocketSDR/conf/pocket_L1B1G1L2G2L5E5bL6_16MHz.conf | ...
IF Data
Path (Fie: local_path)
C:fshare/PocketSDR/test/L1.bin Izl
Time Offset (s) 0.0 Time Scale 1.0
IF Data Format™® RAW32
Sampling Rate (Msps)* 24.000
RF LO Freq (MHz)* VIQ* Bits™ RF LO Freg (MHz)* VIQ* Bits™
CH1 1568.000 1Q 2 CH5 1602.000 | 1Q 2
CH2 1227.600 | IQ 2 CHE 1246.000 | IQ 2
CH3 1176.450 | 1Q 2 CH7 1207.140 | 1IQ 2
CH4 1278.750 | 1Q 2 CHs 1268.520 | 1Q 2

() IF Data Log (RAWS, RAW16 or RAW32)
../log_bin/test_%Y%m%d%h%M.bin

B BT OE]

@uca Buo @uce B

B @

@ cps 132

Epoch Interval for PVT (s)
Max Epoch Lag for PVT (s)
Elevation Mask for PVT ()

10~

=)
tn

II
X

—
o

<

@ clonass -7-6/1-27 @ Gica @ Gloco @ cioce @ Gaca

@ czoce @ G3ocp @ G3oce

B Galileo 1-36 @ep @ec @esa @esaQ
@eser @eseq @ese @EsC

Qutput Receiver Log Types
B Tive @ros @oes @nav @saT @cH OerH @ oG

Keywords Replacement in Path
%Y=VYear(yyyy) Yy=year(yy) Y%m=month{mm) %d=day(dd)
%h=hour(00-23) %M=minute{00-59) %S=second(00-59)

* Automatically configured if <Path>.tag file exists.

oK Cancel

oK Cancel

Correlator Spacing (chip)
Integration Time for Acquisition (s)
Integration Time for DLL (s)

DLL Loop Fitter Bandwidth (Hz)

.02 ~
.02 ~
025 ~

Il Al B *
EHENE .
IESIES <

® qzss 1-10 Bucs Bl Buo Buce PLL Loop Fiter Bandwidth (Hz)

Bus @eav @151 @150 FLL Loop Filter Bandwidth Wide (Hz)

@sst @ussv @Lsso B Lssov FLL Loop Fiter Bandwidth Marrow (Hz)

G0 Bl Max Doppler Frequency to Search Signal (Hz} 5000
@ BeDou 1-63 @51 @810 @sice @B24D C/N0 Threshold for Signal Locked (dB-Hz) 34.0 -~

@s24r @821 @sm1 @83l C/NO Threshold for Signal Lost (dB-Hz) 300
8 navic 114 @nso @nse @5 (s Bump Jump for BOC Modulation o~
@ s8a5 120158 @ uca @51 @150 ERvasicm ath
RF CH Assignments (<sig=:<ch>[-<ch=][,...][ ...])

oK Cancel oK Cancel

00




GNSS Receiver (pocket_sdr.py) (3/3)

Log Tab

# Pocket SDR ver.0.14
Start Stop nput ... Output ... Signal ... System ... Help ... Bxit
Receiver RF CH BB CH Correlator Satellites Solution Log
| eer Pouse | Clear

$CH,28.128,62,1,E16,E1E,16,18.764,41.4,3.450005194, -1792.186,-19279.797,0,1,1,1,0,-0.016,-6.200,8,-1,0,12,3,8,
$CH,28.120,71,1,E25,E1B,25,4.272,46.4,2.811457716, -1912.350,-4323.965,0,0,,0,0,-0.007,0.201,0,-1,0,0,0,8,0, a
$CH,28.128,38,3,R13,G1CA,-2,22.625,33.7,8. 874988667, - 3474806, - 78480.401,0,1,1,1,8,-8.060,-0.803,0,-1,0,12,9,0
$CH,28.128,18,1,G1,L1CA,16,26.915,39.5,8.038567751,1129.624,30669.397,6,1,1,1,6,-0.851,0.963,1,185622915, 2357
$CH,28.120,48,1,E02,E1B,2,20.668,47.2,0.653868554,1173.070,24295.250,8,1,1,1,8,0.014,-0.003,8, 185022917, 2357, 1
$CH,28.128,27,1,G27,L1CA,27,24.400,46.6,8. 164926464, - 2063 . 723, -56249.381,0,1,1,1,8,8.013,-0.200,1, 185622925, 23
$CH,28.128,33,3,R14,61CA, -7,23.482,50.0,8. 225327552,192.934,4771.030,1,1,1,0,1,-0.603,0.002,0,-1,,12,18,0,8,8
$CH,28.120,21,1,G21,L1CA,21,25.171,45.4,8.151999219,1179.009,29951.925,0,1,1,1,0,8.006,-0.801,1,185022929, 2357
$CH,28.120,23,1,G23,L1CA,23,24.939,38.0,8. 546446266, -773.221,-19645.828,0,1,1,1,0,-.015,-0.201,1,185622913, 23
$CH,28.128,44,3,R17,61CA, 4,21.925,48.7,2.388191577, 2466.167,54246.486,0,1,1,0,0,0.018,-6.064,0,-1,0,12,9,0,8,0
$CH,28.120,56,1,E1@,E16,10,14.992,39.6,3.776267973, - 2563. 627, - 3842.789,0,1,1,9,0,.855,-2.001,0,-1,9,10,5,8,@
$CH,28.120,16,1,G16,L1CA,16,25.951,43.6,8.736556553, - 2398 . 051, -62087.120,0,1,1,0,0,8.038,-0.002,1,185022922, 23
$CH,28.128,1,1,601,L1CA,1,25.101,39.2,6.640917323,3476.859,97912.064,2,1,1,1,8,-0.633,0.001,1, 185622928, 2357, 2
$CH,28.120,42,3,R24,G1CA,2,22.039,50.6,8.224137693, -1474.126, - 32299.928,0,1,1,1,0,-0.019,-9.201,8,-1,0,12,9,8,
$CH,28.120,7,1,687,L1CA,7,27.235,45.7,0.632243623,1295 989, 35603.291,0,1,1,1,8,-0.018,-6.000,1,185022923, 2357,

$CH,28.120,8,1,608,L1CA,8,27.186,48.9,8.711713265, -114.677,-2964.781,0,1,1
$CH,28.120,54,1,E08,E16,8,16.348,34.1,3.021771846, -2671. 513, -33833.349,0, 1

,1,0,-0.822,-6.001,1,185022929, 2357,
,1,8,0,-2.029,-0.609,8,-1,8,19,6,0,8

$NAV,26.207,E11,E18,11,0,128,82555555555555555555555553520260
$NAV,26.211,E10,E18,10,6,125,4BAFSC680073550684 1F 760084657271
$NAV,26.283,E25,E16,25,0,128,49E499C50449667 584 3801E757685A6C
$NAV,26.207,E16,E16,16,0,128,4BE 3BBE6280BABDEBG5AIB1BDASDCAAE
$NAV,26.219,E24,E18,24,0,128,49C315BAE7 27305BC7EEA53912117DCT

SNAV, 26.203,E02,E18,2,0,125,431DB4A5FDF 35EE67B4C1A4B5E516505
$NAV,26.215,E08,E18,8,9,128,49E87075ECB1B327A4804F 209437 C686
$0BS,28.12@,2025,3,11,3,23,43.060,601,1C,39.0, 24175538820, -97911.564,3476.859,0,8
$0BS,28.120,2025,3,11,3,23,43.000,602,1C,43.0, 22475424, 623, - 62744, 500, 2228 673,6,8
$0BS,28.120,2025,3,11,3,23,43.060,607,1C,45.7,2327356@. 954, -35602.791,1295.990,0,8
$0BS,28.12@,2025,3,11,3,23,43.080,608,1C,48.9, 21498630790, 2985 281, - 114. 677, 8,0
$0BS,28.120,2025,3,11,3,23,43.000,618,1C,39.5, 25493921, 250, - 36665, 897, 1129.624,6,8
$0BS,28.120,2025,3,11,3,23,43.000,616,1C,43.6, 23684625 822, 62687 . 129, -2398.952,0,8
$0BS,28.12@,2025,3,11,3,23,43.000,621,1C,45.4, 21330832 .733, -29951.425,1179.960,0,8
$0BS,28.120,2025,3,11,3,23,43.000,623,1C, 35.9, 26245764, 317, 19646 . 326, -773.221,8,8
$0BS,28.120,2025,3,11,3,23,43.000,626,1C, 36.6,25754737. 980, 74807 . 763, -3061.816,8,0
$0BS,28.12@,2025,3,11,3,23,43.080,627,1C,46.6, 22533878, 836, 50249 . 881, -2063.723,0,8
$10G,28.120,PNTPOS ERROR,lack of valid sats ns=5

Receiver started. (bus/port=, conf=C:/share/PocketSDR/conf/pocket_L1B1G1L262LSESbLE_16MHz.conf) Time: 28.752 §

Receiver Logs

$TIME, time, year ,mon,day,hour,min,sec,tsys (time info)

$0BS, time, year ,month, day,hour,min,sec, sat, code, cn@,pr,cp,dop,11i,fcn (0BS data)

$NAV, time,sat,sig,nerr,size,data (raw NAV data HEX dump)

$P0S, time,year,month,day,hour,min,sec,lat, lon,hgt,Q,ns,stdn,stde,stdu,dtr (position solution)

$SAT, time, year,month, day,hour,min,sec, sat,pvt,obs,cn0,az,el,res (satellite info)

$EPH, time,sat,sig, IODE,I0DC,SVA,SVH, Toe,Toc, Ttr,A,e,i0,0MEGAD, omega, M0, delta-n,0MEGAdot, Idot,Crc,Crs,Cuc,Cus,Cic,Cis, Toes,
Fit,Af0,Af1,Af2,TGD, code,flag (decoded ephemeris)

$CH, time, ch, rfch,sat,sig,prn,lock,cn0,coff,dop,adr, ssync,bsync, fsync,rev,srev,err_phas,err_code, tow_v, tow,week, type,nnav,
nerr,nlol,nfec (receiver channel info)

$LOG, time,message (error, warning, general info message)




Pocket SDR Documents

pocket_sdr.py help

ver.0.14 2025-03-20

al Window
Poc ket SDR Ver- Ol 14 Page Tabs: i":ﬂ"""wm‘“ — —_— — —_— o~ um Command Buttons
bbbl o - e~ v | Start the receiver

current page
Stop  :Stop the receiver

Command Refe rences J— un e woanan | g . nput... Shaw nput Optians dilos
mow: sauren Satten seaeus - . Output... : Show Output Options dislog

: Signal... : Show Signal Options dialog

| System... : Show Systam Options dialog

Help Show Help dialog

Exit Exit the receiver

2025-03-20

Sy )

Contents o

Satellite ID and Signal ID

Status Bar: —

Status info or error _— — __ Receiver Time:

message for the Elapsed time since the

receiver receiver started (s)

pocket_scan ...
pocket_conf ...

pocket_dump.

pocket_acq...

pocket_trk....

Receiver Page

pocket_snap...

fftw_wisdom

Receiver Time:
Elapsed time since the receiver started Output Status
Input Source . i
F data source (RF_Frontend or IF_pata)  Receiver Status Panel System Selection for Indicators
IF Data Fmt/# RF CH: \ Skyplot and C/NO Plot / for PVT solution, OBS/NAV
data, receiver log and IF data
log

convbin...

pocket_sdr.py.... 4
IF data format **and number of RF CHs \
LO Frequencies. T roartsonern N\ X a
Local oscillator frequencies for each RF - .
CH(MHz) - o
sampling:
IF data sampling type for each RF CH
pocket_acq.py... 31 {toria)
Sampling Rate:
IF data sampling rate (Msps)
#BB CH Locked/All:
Number of BB CHs tracked and all
IF Data R
IF data transfer rate (MB/s)

IF Data Buffer Usage
Receiver internal IF data buffer usage
rate (%)

Time (GPST):

PVT Solution time in GPST
Solution Status:

PVT Solution status {- or FIX)
Latitude, Longitude and Altitude:
PVT Solution latitude/ longitude (deg) g

and ellipsoidal height (m) foruiges o
#Sats Used / All T e B e
Number of used satelltes for PVT and | * 16N System Color

all satelltes with OBS data Number of used Signal C/NO (dB-Hz) Plot Sowm 665

Sciution Latanoy, satellites and all for Each Satellite and 4
PVT Solution latency (s) e il
#PVT Solutions: satellites with OBS data Signals (stacked) 12 Blue: 255
Total count of PVT solutions. Red: BeiDou
# 0BS/NAV Data: Blue-Green.

Total count of OBS and NAV data *2 Satellite 1D complies wiith RINEX convention Grey
IF Data Log *3 INTS (int8 I-sampling), INTBX2 (interleaved-int8 1Q-sampling), RAWS, White wt-color
Recorded size of IF Data log (MB) RAW16 or RAW32 {Pocket SDR FE 2CH, 4CH or 8CH raw format) unused satellites for solution

pocket_plot.py .... waiting for
connection
Green: data OK
data active
Red: error
Ahite: no output

pocket_trk.py....

pocket_psd.py...

" Satellite Positions
in Skyplot 1 *2

pocket_snap.py.

ey =Emen

https://github.com/tomojitakasu/PocketSDR/doc/ https://github.com/tomojitakasu/PocketSDR/doc/
command_ref.pdf pocket_sdr_help.pdf



https://github.com/tomojitakasu/PocketSDR/blob/master/doc/command_ref.pdf
https://github.com/tomojitakasu/PocketSDR/blob/master/doc/command_ref.pdf
https://github.com/tomojitakasu/PocketSDR/blob/master/doc/pocket_sdr_help.pdf
https://github.com/tomojitakasu/PocketSDR/blob/master/doc/pocket_sdr_help.pdf

Modernized
GNSS Signals
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GNSS Signal Structure

GNSS Signal

i

RF Carrier

®

(Sub-carrier)

®

Primary Code
+1
(Secondary Code) .
+1

Navigation Data

+1

+1

-1

1

V2P C,, (1) C,pi (1) C (1) D(t) cOS(27 (F t + )

/2P cos (2n (f.t +¢))

Csub (t)
Primary Code Cycle

1 Chip —»| j—

TR R T Tl

Cpri (t)

C...(1)

sec

D(t)

f.: Carrier Frequency (Hz), ¢: Initial Phase (cycle)

12



GNSS Signal Bands

1561.098 1575.42 1602 + 2492.028
Gps [ Beibou [_| el 0.5625K |
NavIC D Llp(y) ................ 1600.995 E
salileo [ ] sBas » i ey . |
azss [] i L10C L1C/A | [] s-sps
E1-B,C g
L1C/A, L1S ' : )
L1C/B, L1C 2470 2480 2490 2500
e, LTE band 21 DL su[ ] B
"""""""  (1495.9-1510.9) L1-SPS RNSS: Radionavigation Satellite Service
""""""""""" IVI 55(15251559) L1C/A MSS: Mobile Satellite Service
1560 1570 -1580.... 1590 1600 1610
(MHz)
( RF Bands | RNSS (1164-1300) | RNSS |(1559-1610) /
d 1050 1110 1150 1200 1250 1300 1350 1400 14501500 1550 1600 1650 )
1176.45 1191.795 1207.14 1227.6 1246 + 1268.52 1278.75
’ i : 0.4325K
| c | 1202025 | LoC 124}8.06
130C (5c/al | L20cC
L2/15/ E5a | | ESatb | ESb | E6
L6 L5, 155 | 12¢ [] L6
I B2 [ 1] I B3
I B2a |..B2avb_| B2b I
T I e N S S A
e L N S A S A m__a._t_f-iu_r__'.%_a_d!fz..2.3.9.@__.ben.d_..(.,1._2_4_9_.l%QQ.)__.__.__.__.__.__.__.__E
1170 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290



GNSS Signals (1/3)

System

GPS
(102131

GLONASS
[41051061(71

Galileo!®!

Carrier
Freq.
(MHz)

1575.42

1227.6

1176.45

1602.0 +
0.5625K"2

1600.995

1246.0 +
0.4375K"2

1248.06

1202.025

1575.42

1176.45

1207.14

Signal

L1C/A
L1P(Y)
LIM
L1C-D
L1C-P
L2C/A
L2P(Y)"1
L2M

L2C-M

L2C-L
L5-I
L5-Q
L1C/A™
L1P
L10Cd
L10Cp
L1SC
L2C/A™S
L2P
L2CS!
L20Cp
L2SC
L30Cd
L30Cp
E1-A
E1-B
E1-C
ESa-I
E5a-Q
ESb-I
E5b-Q

I/Q

t-pp—--popo--o o-o- £ --po----0

o —

Min Rec.
Power
(dBW)

-158.5
-161.5
?
-163.0
-158.25
-164.5

-164.5/-161.5
2

-160.0/
-158.5

-157.9/-157.0
-157.9/-157.0

-161.0
?

?

?
-167.0

?
?
?
?
?
?
?
-157.0

-155.0

-155.0

Modulation

BPSK(1)
BPSK(10)
BOC(10,5)
BOC(1,1)

TMBOC(6,1,4/33)

BPSK(1)
BPSK(10)
BOC(10,5)

BPSK(1)+TDM

BPSK(1)+TDM
BPSK(10)
BPSK(10)
BPSK(0.5)

BPSK(5)
BPSK(1)+TDM
BOC(1,1)+TDM
?
BPSK(0.5)
BPSK(5)
BPSK(1)+TDM
BOC(1,1)+TDM
?
BPSK(10)
BPSK(10)
BOC(15,2.5)
CBOC(6,1,1/11)
CBOC(6,1,1/11)
BPSK(10)
BPSK(10)
BPSK(10)
BPSK(10)

Primary Code

Length
(chip)

1023
1week
?
10230
10230
1023

1week
?

10230

767250
10230
10230

511
5110000
1023
4092
?
511
5110000
?
10230
?
10230
10230
?
4092
4092
10230
10230
10230
10230

Chip
Rate
(Mcps)
1.023
10.23
5.115
1.023
1.023
1.023
10.23
5.115

0.5115

0.5115
10.23
10.23
0.511

5.11
0.5115
0.5115

?
0.511

5.11
0.5115
0.5115

?
10.23
10.23

2.5575
1.023
1.023
10.23
10.23
10.23
10.23

Cycle Length
(ms)  (chip)

1 -
1week -

? ?

10 -

10 1800

1 -
1week -

? ?

20 -
1500 -

1 10(NH)

1 20(NH)

1 -/27
1000 -

2 2 (MC)

8 -

? ?

1 -/2%3
1000 -

? ?

20 50

? ?

1 5 (BC)

1 10(NH)

? ?

4 -

4 25

1 20

1 100

1 4

1 100

Secondary Code

Cycle
(ms)

100
20
100
4
100

Data

LNAV
LNAV
?
CNAV-2
LNAV
LNAV
?
LNAV
CNAV

CNAV

GLO-STR
?
GLO-STR

?
GLO-STR
?

?

?
GLO-STR
G/NAV
I/NAV

F/NAV

I/NAV

Symbol
Rate

(sps)

50
50
?
100

250

Navigation Data

Data
Rate

(bps)

50
50
?
50
50
50
?
50
25

50

50
?

125

125

FEC

?
BCH,LDPC

1/276

?
1/2 7

1/276

1/27¢

Military or Restricted Signal

Notes

Block IIR-M~
GPS I~
Block IIR-M~

Block [IR-M~

Block IIR-M~

Block IIF~

GLO-K2~

GLO-K2~

GLO-K1~

PRS
0S, Sol, CS

0s, CS

0S, Sol, CS

Pocket
SDR
Signal ID

L1CA

L1CD
L1CP

L2CM
(L2CL)
L5l
L5Q
G1CA
G10CD
G10CP

G2CA

G20CP

G30CD
G30CP
E1B
E1C
ESAI
ESAQ
ESBI
ESBQ

*1 ASON, *2K={-7, ..., +6}, *3 Odd FCN, *4 L10F, *5 L20F, *6 Convolutional Code (R=1/2, K=7), NH: Neuman Hoffman Code, MC: Manchester Code, BC: Barker Code
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GNSS Signals (2/3)

System

Galileo
(Cont.)

QZss
[9]110][11][12]

BeiDou
[13][14][15]
[16][17]

Carrier
Freq.
(MHz)

1191.795 E5a+b*?

E6-A
E6-B
E6-C
L1C/A
L1C/B
L1C-D

1278.75

1575.42
L1C-P

L1S
L2C-M
L2C-L
L5-I
L5-Q

1227.6

1176.45  L5S-I

L55-Q

L6D
L6L
L6E

1278.75

1561.098 B1l

B1Q

B1C-D
B1C-P
B1A-D
B1A-P
B2a-D
B2a-P

1575.42

1176.45

1207.14 B2l

Signal

Min Rec.
Power
(dBW)

I/Q

- | (-152.0)
?

-155.0

-158.5"8
-158.5
-163.0%
-158.25
-158.25"10
-161.0/-158.5
-160.0/
-158.5
| -157.9/-157.0
Q -157.9/-157.0

--p-pot -0

-157.0"11
Q
-155.7
| -163.0
Q ?
| -159.0/
+Q  -161.0
o ?
Q
| -156.0/
Q -158.0

I ?

Modulation

8-PSK(10)
BOC(10,5)
BPSK(5)
BPSK(5)
BPSK(1)
BOC(1,1)
BOC(1,1)
BOC(1,1)
TMBOC(6,1,4/33)
BPSK(1)
BPSK(1)+TDM
BPSK(1)+TDM
BPSK(10)
BPSK(10)

BPSK(10)

BPSK(10)

BPSK(5)+TDM™12
BPSK(5)+TDM
BPSK(5)+TDM™12

BPSK(2)

BPSK(2)
BOC(1,1)
QMBOC(6,1,4/33)

BOC(14,2)

BPSK(10)
BPSK(10)

BPSK(2)

Primary Code

Length
(chip)

10230
?
5115
5115
1023
1023
10230
10230
10230
1023
10230
767250
10230
10230

10230

10230

10230
1048575
10230

2046

B

10230
10230
?

?
10230
10230

2046

Chip
Rate
(Mcps)
10.23
5.115
5.115
5.115
1.023
1.023
1.023
1.023
1.023
1.023
0.5115
0.5115
10.23
10.23

10.23

10.23

2.5575
2.5575
2.5575

2.046

2.046
1.023
1.023
2.046
2.046
10.23
10.23

2.046

Cycle
(ms)

1500
1
1

1

Secondary Code

Length = Cycle
(chip)  (ms)
100 100
? ?
100 100
1800 = 18000
1800 = 18000
10 (NH) 10
20(NH) 20
2 (MC) 2
20 (NH) 20
2 (MC) 2
2(MC) 820
20(NH) 20
? ?
1800 18000
? ?
? ?
5 5
100 100
20(NH) 20

Data

G/NAV
C/NAV

LNAV
LNAV
CNAV2

B-CNAV1

?

B-CNAV2

D1
D2

Navigation Data

Symbol Data
Rate Rate
(sps) | (bps)

? ?
1000 500
50 50
50 50
100 50
500 250
50 25
100 50
500 250
500 250
2000 2000
2000 2000
50 50
500 500

? ?
100 50

? ?
200 100
50 50
500 500

RS
BCH
BCH

?
NB-LDPC

?
NB-LDPC
BCH
BCH

Military or Restricted Signal

Notes

PRS
CAS, HAS

Block |
Block Il ~
SLAS

Normal mode
Verif. mode
Normal mode
Verif. mode
CLAS

Block |
MADOCA-PPP

GEO

BDS-3

BDS-3

GEO

*7 AItBOC, *8 -164.0 dBW (SVID=7), *9 -167.2 dBW (SVID=7), *10 -162.4 dBW (SVID=7), *11 -162.6 dBW (SVID=3), *12 +CSK by Nav Data

Pocket
SDR
Signal ID

E6B
E6C
L1CA
L1CB
L1CD
L1CP
L1CP
L1s
L2CM
(L2CL)
L5
L5Q
L5S
L5SIV
L55Q
L5sQV
L6D

L6E
B1l
B1l

B1CD
B1CP

B2AD
B2AP
B2l
B2|
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GNSS Signals (3/3)

Carrier Min Rec. Primary Code Secondary Code Navigation Data Pocket
System  Freq.  Signal I/Q Power Modulation | ength Chip Cycle Length Cycle Symbol  Data Notes SDR
(MHz) (dBW) (chip) Rate i) (chip) i) Data Rate Rate FEC Signal ID
(Mcps) (sps)  (bps)
B2Q Q ? BPSK(10) | 10230 | 10.23 1 ? ? ? ? ? ? =
-160.0/ B-CNAV3 1000 500 | NB-LDPC BDS-3 B2BI
1207.14 |B2b-| ! -162.0 BPSK(10) 10230 10.23 ! i B2b-PPP 1000 = 500 | NB-LDPC BDS-3, GEO |B2BI
B2b-Q | Q ? BPSK(10) | 10230 | 10.23 1 ? ? ? ? ? ?  |BDS-3 =
BeiDou 1191.795 B2a+b'3 - ? 8-PSK(10) 10230 10.23 1 ? ? - - - - -
(Cont.) 1 | 20(NH) 20 D1 50 50 BCH B3I
B3I [ -163.0 BPSK(10) 10230 10.23 1 ) i i 500 500 sch 160 B3l
1268.52 B3Q Q ? BPSK(10) ? 10.23 ? ? ? ? ? ? ? -
B3A-D [ , BPSK(10) ? 10.23 ? ? ? ? ? - -
B3A-P [ BPSK(10) ? 10.23 ? ? ? - - - - -
L1-SPS-D Q = -159.6 10230 = 1.023 10 - - IRN-NAV 100 50  BCH,LDPC . 11SD
157542 1 sps-p 1sgy  SBOCBLIL) ooa0 1023 10 1800 = 18000 - - - - VS0l 11SP
L5-SPS  *14  -159.0 BPSK(1) 1023 1.023 1 - - | IRN-NAV | 50 25 1/2 6 55
Navic  1176.45 [5-RS-D *14 ? BOC(5,2) ? 2.046 ? ? ? ? 50 25 1/2 6 -
(18]29] L5-RS-P | *14 ? BOC(5,2) ? 2.046 ? ? ? - - - - -
S-SPS *14  -162.3 BPSK(1) 1023 1.023 1 - - | IRN-NAV | 50 25 1/2 6 (1sS)
2492.028 S-RS-D  *14 ? BOC(5,2) ? 2.046 ? ? ? ? 50 25 1/2 6 -
S-RS-P | *14 ? BOC(5,2) ? 2.046 ? ? ? - - - - =
. 157542 L1C/A [ - BPSK(1) 1023 1.023 1 - - SBAS = 500 250 | 1/276 L1CA
SBAS "1 117645 5 | - BPSK(10) 10230 10.23 1 2(MC) 2 L5SBAS 500 250  1/2°6 PRN120-158 |LSl
' L5-Q Q - BPSK(10) 10230 10.23 1 2 (MC) 2 - - - - L5Q

*13 ACE-BOC, *14 Interplex Modulation, *15 including QZSS L1Sb, BeiDou BDSBAS-B1C/B2a

Military or Restricted Signal

[1] IS-GPS-200K, Navstar GPS space segment/navigation user interfaces - interface specification, 2019, [2] IS-GPS-800F, Navstar GPS space segment/user segment L1C interface - interface specification,
2019, [3] IS-GPS-705A, Navstar GPS space segment/user segment L5 interface - interface specification, 2010, [4] GLONASS interface control document - navigation radiosignal in bands L1, L2, version 5.1,
2008, [5] GLONASS interface control document - code division multiple access open service navigation signal in L1 frequency band, edition 1.0, 2016, [6] GLONASS interface control document - code
division multiple access open service navigation signal in L2 frequency band, edition 1.0, 2016, [7] GLONASS interface control document - code division multiple access open service navigation signal in L3
frequency band, edition 1.0, 2016, [8] European GNSS (Galileo) open service signal-in-space interface control document (OS SIS ICD), Issue 1, Revision 3, 2016, [9] Quasi-Zenith satellite system interface
specification - satellite positioning, navigation and timing service (IS-QZSS-PNT-003), 2018, [10] Quasi-zenith satellite system interface specification - sub-meter level augmentation service (IS-QZSS-L1S-

003), 2018, [11] Quasi-zenith satellite system interface specification - centimeter level augmentation service (1S-QZSS-L6-003), 2018, [12] Quasi-zenith satellite system interface specification - positioning
technology verification service (IS-QZSS-TV-004), 2023, [13] BeiDou navigation satellite system signal in space interface control document - open service signal B1l, version 3, 2019, [14] BeiDou navigation
satellite system signal in space interface control document - open service signal B1C, version 1.0, 2017, [15] BeiDou navigation satellite system signal in space interface control document - open service
signal B2a, version 1.0, 2017, [16] BeiDou navigation satellite system signal in space interface control document - open service signal B3I, version 1.0, 2018, [17] BeiDou navigation satellite system signal in
space interface control document - Precise Point Positioning service signal PPP-B2b, version 1.0, 2020, [18] Indian Regional Navigation Satellite System, Signal in space ICD for standard positioning service
version 1.1, 2017, [19] NAVIC signal in space ICD for standard positioning service in L1 frequency version 1.0, 2023, [20] RTCA, Minimum Operational Performance Standards for Airborne Equipment Using
Global. Positioning System/Wide Area Augmentation System, DO-229, 1996 16



Modulation
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BPSK: Binary Phase-Shift Keying, BOC: Binary Offset Carrier, (k): k * 1.023 Mcps
ACF: Auto Correlation Function, PSD: Power Spectral Density, —— ACF with 4 MHz LPF,
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MBOC

. Modulated Codes -
10/ ACF
Lo M 00T 1 rmnnm arT nnnennmn M1 ] 0.8
GPS/QZSS 05 06|
L1C-P: >4
TMBOC o0 >
(6,1,4/33) . ° \\/ \/
—0.2
-1.0 [ - 50 1 T R S S S S SRS S SEE SRS RN RS L L 4 —0.47
=0.6
—-1.5+ T T T U u T U -0.8 T T T T
0 5 10 15 20 25 30 35 40 =15 -1.0 =0.5 0.0 0.5 1.0 1.5
Modulated Codes THEm)
1.5 1.2
10| ACF
1o | e
I | ‘ 0.8 1
0.6 4
Galileo ] o
E1B/C: 0.0 4 0.2
CBOC 00
(6,1,1/11) \\/ \//
101 |‘ \|\ ‘ ! I| ‘ ‘\ | —0.41
_06_
-15 ‘ ‘ ‘ ‘ y ‘ ‘ -0.8 : : . ‘
0 5 10 15 20 25 30 35 40 -15 -1.0 -0.5 0.0 0.5 1.0 15
TIME (me) Code Offset (us)

10 * log(10/11) =-0.41 dB
BDS B1C-P -> QMBOC(6,1,4/33), NaviC L1-SPS -> SBOC(6,1,1/11), Galileo E5 -> AltBOC(15,10)
MBOC: Multiplexed BOC, TMBOC: Time-multiplexed BOC, CBOC: Composite BOC, QMBOC: Quadrature-multiplexed BOC, SBOC: Synthesized BOC 18
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RF Frontend

RF Signal 1| RF Frontend — —
«— Analog > e Digital >
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— PVT, ...
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Down Conversion and Sampling
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RF Frontends

[1] https://www.ettus.com/all-products/ub210-kit/, [2] https://ccar.colorado.edu/gnss/, [3] https://gmvnsl.com/advanced-gnns-hw-sw/,

# of CH # of PLL Sampling .
RF-frontend Vendor RF Bands RF LSI FPGA Host I/F Price
RX TX RX  TX Type/Rate
Ettus Research 70 MHz ~ 1Q, 12 bits ADI Spartan 6
[1] ’
USRP B210 NI 2 2 1 1 6 GHz < 61.44 Msps AD9361 XCESLX150 USB 3.0 $2,165
i lorlQ, 2 bits
SiGe GN33 GNSS Lab 1 -1 - GPS L1 SiGe 4120 - USB2.0  $496
Sampler 2] Univ Colorado <16.368 Msps
GNSS 1+1Q, 2/3 bits ~ MAX2769B +
3] - - -
Stereo NSL 2 2 L1/L2/L5/L6 26 Msps MAX2112 + . Spartan-6 USB 2.0 $800
500 kHz ~ 1Q, 8 bits R820T +
- [4] - - - -
RTL-SDR RTLSDR.com 1 1 1.75 GHz <2.56 Msps RTL2832U USB2.0 $20-S$50
300 MHz ~ 1Q, 12 bits Lime Micro.
[s]
Blade RF NuBand 2 2 1 1 3.8 GHz < 40 Msps LMS6002D CycloneIVE USB 3.0 $520
Lime 100 kHz ~ IQ, 12 bits Lime Micro. Cyclone IV
i (6]
Lime SDR Microsystems 2 2 ! ! 3.8 GHz < 61.44 Msps LMS7002M EP4CE40F23 Us8 3.0 3299
Amungo GNSS I, 2 bits NTLab .
[7] - -
NUTANT Navigation 4 2 L1/L2/L5/L6 <99 Msps NT1065 Lattice ECP5 USB 3.0 $399
Analog Devices 325 kHz ~ IQ, 12 bits ADI
(8] _
Pluto SDR (ADI) 1 1 1 1 3.8 GHz < 61.44 Msps AD9363 Zynq Z-7010 USB 2.0 $233
Pocket SDR ) 2/4/ 2/4/ GNSS lorlQ, 2/3 bits  mAx2771 ] USB  $60/$130/
FE 2/4/8CH 8 8 L1/L2/L15/L6  <32/48 Msps X 2/4/8 20/3.0  $200*
* Parts only
USRP B210 GN3S Sampler Stereo Blade RF Lime SDR RTL-SDR NUT4ANT Pluto SDR

[4] https://rtl-sdr.com/, [5] https://www.nuand.com/bladerf-1/, [6] https://limemicro.com/products/boards/limesdr/, [7] https://www.amungo-navigation.com/,

[8] https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
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AD9361

RF Agile Transceiver

= RF 2 x 2 transceiver with
integrated 12-bit DACs and ADCs

 TX band: 47 MHz to 6.0 GHz

* RX band: 70 MHz to 6.0 GHz

« Supports TDD and FDD operation

+ Tunable channel bandwidth: <200
kHz to 56 MHz

= Dual receivers: 6 differential

» Superior receiver sensitivity with a
noise figure of 2 dB at 800 MHz LO

« RX gain control

= Real-time monitor and control
signals for manual gain

ANALOG
DEVICES

Independent automatic gain
control
Dual transmitters: 4 differential
outputs
Highly linear broadband
transmitter
o TXEVM: <
o TX noise: =-

-40 dB
157 dBm/Hz
noise floor

range with 1 dB accuracy
Integrated fractional-N
synthesizers
2.4 Hz maximum local oscillator
(LO) step size
Multichip synchronization
CMOS/LVDS digital interface

TX1A_P,
TX1A_N

AD9361

&S

<&}

&,

FoACly;

A

:@Ac i

DATA INTERFACE

L e

D PO0_[D11:D0})/
TX_[D5:D0]

YP1_[D11:D0)/
RX_[D5:D0]

) RADIO
SWITCHING

CLK _ouT

AUXADC AUXDACx XTALP XTALN

https://www.analog.com/en/products/ad9361.html

Block Diagram
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MAX2771 (1/5)

Multiband Universal GNSS Receiver

* Multi-Constellation Support: GPS, Galileo, GLONASS, BeiDou,
IRNSS, QZSS, SBAS

* Multiband Support: L1, L2, L5, E1, E5, E6, B1, B2, B3

* Programmable IF Bandwidths of 2.5MHz, 4.2MHz, 8.7MHz,
16.4MHz, 23.4MHz, 36 MHz: Supports Wide-Band Carriers for
Precision Applications (e.g., GPS L5, Galileo E5)

* Operatesin Low IF or Zero IF Mode: Programmable IF Center
Frequency

* Fractional-N Synthesizer with Integrated VCO Supports Wide
Range of Reference Frequencies

*  On-Chip LNAs to Support Multiple Bands

* 1.4dB Cascaded Noise Figure and 110dB of Cascaded Gain
with Gain Control Range of 59dB from PGA

* Integrated Crystal Oscillator

* Supply Voltage Range: 2.7V to 3.3V

* 28-Pin, RoHS-Compliant, Thin QFN Lead-Free Package (5mm x
5mm)

LANIN_HI

LANOUT_HI

&)

maxim
integrated.

| Mxin_Lo

—E LNAQUT_LO

ﬁ ANAIPOUT m

—E LNAIN_LO
5 | veor
— = [ mour

MIXIN_HI 2

NC

LD

CLKOUT

XTAL

12
MAX2771

TS

Qo

o

VCCADC

4@V
N
1 (=] [ [ =] =] ]

SHDN

CSN

CPOUT

ADC_CLKIN o
-
SDATA 3__'
SCLK ;'——

Block Diagram

ADI/maxim integrated, MAX2771 Multiband Universal GNSS Receiver Data Sheet, 2018
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MAX2771 (2/5)

Frequency Synthesizer (PLL)

fXTA L

—

Reference

100.00

110.00

120.00

L
130.00

140.00

150.00

1/R

Divider

Integer-N PLL
PFD LoopFilter VCO

O\ O

Main Divider
1

N

fLO

fxra fio
R D L )
Reference
R= 1~1023 Divider Main Divider
N= 36~32767
F= 0~1048575 1
K = 1048576 (229) N +F/K

Fractional-N PLL

PFD Loop Filter VCO

PFD: Phase Frequency Detector, VCO: Voltage Controlled Oscillator, fy, : TCXO freq. (Hz), f,o: Local Oscillator Freq. (Hz)
PLL Phase Noise (Simulated) (dBc/Hz)

(FLo=1575 MHz, Hi-Band)

pll_1/f

pll_flat

0.1

-

10, 100 1000 10000

fira =24 MHz, RDIV=8,

C1=15 pF, R2=15 KQ,

Loop Filter RC:

C2=750 pF

-50.00

-60.00

:IB:/H%

i
15}

0.00

-110.00

120.00

130.00

-140.00

150.00 -

(FLo=1176 MHz, Lo-Band)

pll_1/f

pll_flat

L 4 »

0.1 1 10 100
offset frea (KHz)

https://www.analog.com/media/en/designtools/calculators/max2771-pll-simulator.xisx

maxim integrated, MAX2771 PLL Loop Filter Calculator User Guide, 2018

10000
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MAX2771 (3/5)

MAGNITUDE  (dB)

=
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Filter Response (3rd-order Butterworth)
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| | \
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ADI/maxim integrated, MAX2771 Multiband Universal GNSS Receiver Data Sheet, 2018

BASEBAND FREQUENCY (MHz)
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MAX2771 (4/5)

ADC
ADC Quantization Levels [1] SNR Losses due to N-Quantization [2]
2‘5 19 L 13 13
— (BW = 10/* chip|rate)
" N 32 (1+bit)
)
w S |
w
o w .
S (2-bits)
Ll L1 T N T N | =
T J T T T 1T 1T T 1 o
N - . =
| < .
I S
NZ-Bits)
N
-------- 2-bits o ﬂf,.f-’ —MIS Nl= 25
—— 3-bits N
— 0 I I L I
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
output Data Format 1! Ratio of Maximum Threshold to One-sigma Noise Level
INTEGER SIGN/MAGNITUDE UNSIGNED BINARY TWO'S COMPLEMENT BINARY
VALUE 1b 2b b 1b 2 b 1b 2b b AGC
7 0 01 o1 1 11 11 0 01 011 .
5 0 01 010 1 1 110 0 01 010 Arjalog D'g_'t'ZEd
3 0 00 001 1 10 101 0 00 001 Signal Signal
1 0 00 000 1 10 110 0 00 000 ADC >
A 1 10 100 0 01 o1 1 1 1
3 1 10 101 0 01 010 1 1 10
" p " o 0 0 001 ] 10 01 VGA AGC: Automatic Gain Control
7 1 11 11 0 00 000 1 10 100 VGA: Variable Gain Amplifier

[1] ADI/maxim integrated, MAX2771 Multiband Universal GNSS Receiver Data Sheet, 2018
[2] C.J.Hegarty, Analytical Model for GNSS Receiver Implementation Losses, Navigation, 2011 27
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MAX2771 (5/5)

Register
CHIPEN
IDLE
MIXPOLE
LNAMODE
MIXERMODE

FCEN

FBW

F30R5
FCENX
FGAIN
ANAIMON
IQEN
GAINREF

SPI_SDIO_CONFIG
AGCMODE
FORMAT

BITS
DRVCFG
DIEID

GAININ
HILODEN
FHIPEN

PGAIEN
PGAQEN
STRMEN
STRMSTART

Configuration Register Settings

Description
Chip enable (0:disable, 1:enable)
Idle enable (0:operating-mode, 1:idle-mode)
Mixer pole selection (0:13MHz, 1:36MHz)
LNA mode selection (0:high-band, 1:low-band, 2:disable)
Mixer mode selection (0:high-band, 1:low-band, 2:disable)
IF filter center frequency:
(128-FCEN)/2*{0.195|0.66|0.355} MHz
IF filter BW (0:2.5MHz, 1:8.7MHz, 2:4.2MHz, 3:23.4MHz,
4:36MHz, 7:16.4MHz)
Filter order selection (0:5th, 1:3rd)
Polyphase filter selection (O:lowpass, 1:bandpass)
IF filter gain setting (0:-6dB, 1:normal)
Enable continuous spectrum monitoring (0:disable, 1:enable)
| and Q channel enable (0:I-CH-only, 1:1/Q-CH)
AGC gain reference value (0-4095)
SPI SDIO pin config
(0:none, 1:pull-down, 2:pull-up, 3:bus-hold)
AGC mode control (0:independent-1/Q, 2:gain-set-by-GAININ)
Output data format (0:unsigned, 1:sign-magnitude, 2:2's-
complement)
Number of bits in ADC (0:1bit, 2:2bit, 4:3bit)
Output driver config (0:CMOS-logic, 2:analog)
Identifiers version of IC

PGA gain value programming in steps of approx 1dB per LSB (0-

63)
Enable output driver to drive high loads (0:disable, 1:enable)

Enable highpass coupling between filter and PGA
(0:disable,1:enable)

I-CH PGA enable (0:disable, 1:enable)
Q-CH PGA enable (0:disable, 1:enable)
Enable DSP interface (0:disable, 1:enable)
Enable data streaming (rising edge)

Register
STRMSTOP

STRMBITS
STAMPEN
TIMESYNCEN

DATASYNCEN
STRMRST
LOBAND
REFOUTEN
IXTAL

IcP

INT_PLL
PWRSAV

NDIV

RDIV

FDIV

EXTADCCLK
PREFRACDIV_SEL

REFCLK_L_CNT

REFCLK_M_CNT
ADCCLK

REFDIV

FCLKIN

ADCCLK_L_CNT

ADCCLK_M_CNT
CLKOUT_SEL
MODE

Description
Disable data streaming (rising edge)
Number of bits streamed (1:IMSB/ILSB,
3:IMSB/ILSB/QMSB/QLSB)
Enable insertion of frame numbers (0:disable, 1:enable)

Enable output of time sync pulse when streaming enabled by
STRMEN

Enable sync pulse at DATASYNC

Reset all counters

Local oscillator band selection (0:L1, 1:L2/L5)

Output clock buffer enable (0:disable, 1:enable)
Current programing for XTAL (1:normal, 3:high-current)
Charge pump current selection (0:0.5mA, 1:1mA)

PLL mode control (0:fractional-N, 1:integer-N)

Enable PLL power-save mode (0:disable, 1:enable)

PLL integer division ratio (36-32767):

F_LO= F_XTAL/RDIV*(NDIV+FDIV/2/20)

PLL reference division ratio (1-1023)

PLL fractional division ratio (0-1048575)

External ADC clock selection (O:internal, 1:ADC_CLKIN)
Clock pre-divider selection (0:bypass, 1:enable)

Clock pre-divider L counter value (0-4095):
L_CNT/(4096-M_CNT+L_CNT)

Clock pre-divider M counter value (0-4095)

Integer clock div/mul selection (0:enable, 1:bypass)
Integer clock div/mul ratio (0:x2, 1:1/4, 2:1/2, 3:x1, 4:x4)
ADC clock divider selection (0:bypass, 1:enable)

ADC clock divider L counter value (0-4095):
L_CNT/(4096-M_CNT+L_CNT)

ADC clock divider M counter value (0-4095)

CLKOUT selection (0:integer-clock-div/mul, 1:ADC-clock)
DSP interface mode selection

ADI/maxim integrated, MAX2771 Multiband Universal GNSS Receiver Data Sheet, 2018 28
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Example of MAX2771 Setting

$ pocket_conf PocketSDR/conf/pocket_L1L5 24MHz.conf; pocket_conf -a

#
# Pocket SDR device settings (MAX2771)
#
# [CH1] F_LO = 1575.420 MHz, F_ADC = 24.000 MHz (IQ), F_FILT = 0.0 MHz, BW_FILT = 4.2 MHz
# [CH2] F_LO = 1176.450 MHz, F_ADC = ©0.000 MHz (IQ), F_FILT = 0.0 MHz, BW_FILT = 16.4 MHz
[CH1]
CHIPEN = 1 # Chip enable (0:disable,1:enable)
IDLE = 0 # Idle enable (@:operating-mode,1:idle-mode)
MIXPOLE = 0 # Mixer pole selection (0:13MHz,1:36MHz)
LNAMODE = 0 # LNA mode selection (@:high-band,1:1low-band,2:disable)
MIXERMODE = 0 # Mixer mode selection (@:high-band,1:low-band,2:disable)
FCEN = @ # IF filter center frequency: (128-FCEN)/2*{0.195]0.66]0.355} MHz
FBW = 2 # IF filter BW (0:2.5MHz,1:8.7MHz,2:4.2MHz,3:23.4MHz,4:36MHz,
# 7:16.4MHz)
F30R5 = 1 # Filter order selection (0:5th,1:3rd)
FCENX = 0 # Polyphase filter selection (0:lowpass,1:bandpass)
FGAIN = 1 # IF filter gain setting (0:-6dB,1:normal)
ANAIMON = 0 # Enable continuous spectrum monitoring (@:disable,1:enable)
IQEN = 1 #1I and Q channel enable (0:I-CH-only,1:I/Q-CH)
GAINREF = 170 # AGC gain reference value (0-4095)
SPI_SDIO_CONFIG = @ # SPI SDIO pin config (@:none,1:pull-down,2:pull-up,3:bus-hold)
AGCMODE = @ # AGC mode control (0:independent-I/Q,2:gain-set-by-GAININ)
FORMAT = 1 # Output data format (@:unsigned,1:sign-magnitude,
# 2:2"'s-complement)
BITS = 2 # Number of bits in ADC (0:1bit,2:2bit,4:3bit)
DRVCFG = 0 # Output driver config (0:CMOS-logic,2:analog)
DIEID = 0 # Identifiers version of IC
GAININ = 58 # PGA gain value programming in steps of approx 1dB per LSB (0-63)
HILODEN = 0 # Enable output driver to drive high loads (0:disable,1:enable)
FHIPEN = 0 # Enable highpass coupling between filter and PGA
# (0:disable,1:enable)
PGAIEN = 1 # I-CH PGA enable (0:disable,1:enable)
PGAQEN = 1 # Q-CH PGA enable (@:disable,1:enable)
STRMEN = 0 # Enable DSP interface (0:disable,1:enable)
STRMSTART = 0 # Enable data streaming (rising edge)
STRMSTOP = 0 # Disable data streaming (rising edge)
STRMBITS = 1 # Number of bits streamed (1:IMSB/ILSB,3:IMSB/ILSB/QMSB/QLSB)
STAMPEN = 0 # Enable insersion of frame numbers (0:disable,1:enable)

TIMESYNCEN

DATASYNCEN
STRMRST
LOBAND
REFOUTEN
IXTAL

IcP
INT_PLL
PWRSAV
NDIV

RDIV
FDIV

EXTADCCLK
PREFRACDIV_SEL
REFCLK_L_CNT

REFCLK_M_CNT
ADCCLK
REFDIV
FCLKIN
ADCCLK_L_CNT

ADCCLK_M_CNT
CLKOUT_SEL
MODE

[CH2]
CHIPEN
IDLE
MIXPOLE
LNAMODE
MIXERMODE
FCEN

FBW

F30R5

S - O - -

26257

400

o owoe o

NSO - 2O -

#
#
#

TR R R R R B R E R E R B R B R B R B RE R R &R R

Enable output of time sync pulse when streaming enabled by
STRMEN

Enable sync pulse at DATASYNC

Reset all counters

Local oscillator band selection (0:L1,1:L2/L5)

Output clock buffer enable (@:disable,1:enable)
Current programing for XTAL (1:normal,3:high-current)
Charge pump current selection (0:0.5mA,1:1mA)

PLL mode control (0:fractional-N,1:integer-N)

Enable PLL power-save mode (@:disable,1:enable)

PLL integer division ratio (36-32767):
F_LO=F_XTAL/RDIV*(NDIV+FDIV/2/20)

PLL reference division ratio (1-1023)

PLL fractional division ratio (0-1048575)

External ADC clock selection (@:internal,1:ADC_CLKIN)
Clock pre-divider selection (0:bypass,1:enable)

Clock pre-divider L counter value (0-4095):

L_CNT/ (4096-M_CNT+L_CNT)

Clock pre-divider M counter value (0-4095)

Integer clock div/mul selection (@:enable,1:bypass)
Integer clock div/mul ratio (0:x2,1:1/4,2:1/2,3:x1,4:x4)
ADC clock divider selection (0:bypass,1:enable)

ADC clock divider L counter value (0-4095):

L_CNT/ (4096-M_CNT+L_CNT)

ADC clock divider M counter value (0-4095)

CLKOUT selection (0:integer-clock-div/mul,1:ADC-clock)
DSP interface mode selection

Chip enable (0:disable,1:enable)

Idle enable (0:operating-mode,1:idle-mode)

Mixer pole selection (0:13MHz,1:36MHz)

LNA mode selection (0:high-band,1:1low-band,2:disable)

Mixer mode selection (0:high-band,1:1low-band,2:disable)

IF filter center frequency: (128-FCEN)/2*{0.195|0.66]|0.355} MHz
IF filter BW (0:2.5MHz,1:8.7MHz,2:4.2MHz,3:23.4MHz,4:36MHz,
7:16.4MHz)

Filter order selection (0:5th,1:3rd)

29



Reference Oscillator

TCXO (Temperature Compensated Crystal Oscillator)

EPSON TG2520SMN-24.0000M-MCGNNM3

(1) (2 (3) (4)(5)(6) (7)
(1) Model (TG2016: 2.0 x 1.6 mm, TG2520: 2.5x 2.0 mm)  (5) Freq./temp. charac. (C: 0.5 x 10, F: ==2.0 x 10°°* MAX)
(2) Output (S: Clipped sine wave) (6) Operating temperature: (G: -40 C~ +85 C)
(3) Frequency (7) VC function (N: non, B: 0.9V, C: 1.4V, D:1.5V, E: 1.65V)
(4) Supply voltage (E: 1.8V, M: 2.8 ~ 3.3V)
Iltem Symbol VC-TCXO | TCXO Conditions / Remarks
10 MHz to 55MHz
Output frequency range fo 16, 16.368, 16.369, 19 2, 20, 24, 25, 26,
27,276, 30, 32_38.4_40, 48_ 5052 MHz Standard frequency
Supply voltage Vec 18V01V/28V5%/30VH%/33ViH% Supply voltage range :1.7 Vto 363V
Storage temperature T stg -40 °C to +90 °C Storage as single product.
Operating temperature T _use G:40 Cto+85 C
Frequency tolerance f tol +1.5 x 10° Max. After reflow, +25 C
Frequency/temperature C:#05x10°Max /G: 40 Cto+85 C - -
characteristics fo-Te F-+20x10°Max. /G: 40 Cto+85 C Standard stability version
Frequency/load coefficient fo-Load +0.1 x 10° Max. 10 kQ // 10 pF £10 %
Frequency/voltage coefficient | fo-Vcc +0.1 x 10°® Max. Vect5%
+25 C, First year, 10MHz,
+0.5 x 10 Max. 12 MHz< fo <20 MHz,
h 24 MHz= fo <40 MHz
Frequency aging f_age 325 C First year, 10 MHz< fo <12 MHz,
+1.5 x 10° Max. 20 MHz< fo <24 MHz,
40 MHz< fo <55 MHz
1.5 mA Max. 10 MHz< fo €26 MHz
Current consumption lec 1.8 mA Max. 26 MHz< fo <40 MHz
P 2.0 mA Max_ 40 MHz= fo <50 MHz
2.1 mA Max_ 50 MHz< fo =55 MHz
Input resistance Rin 500 kQ Min._ - Vc - GND (DC)
B:Vc=09Vi06V (Vcc=18V)or
= trol f t +8.0x10° C:Vc=14V+10V (Vcc=28V)or
fequency control range _con to +12.0 x 10° - D: Vc =15V +10V (Vcc =3.0 V) or
E:Vc=165V+1.0V (Vcc=33V)
Frequency change polarity - Positive polarity -
Symmetry SYM 45 % 10 55 % GND level (DC cut)
Output voltage Vep 0.8V Min. Peak to Peak
Start-up time t sir 1.0 ms Max. T=0 at 90% Vcc
. Load R 10kQ .
Output load condition Load C 10 pF DC cut capacitor = 0.01 pF

Seiko Epson, VC-TCXO/TCXO High Stability / Low Noise TG2016SMN/TG2520SMN Data Sheet



https://download.epsondevice.com/td/pdf/brief/TG2520SMN_en.pdf

Pocket SDR FE

Device FE 2CH FE 4CH (ver.0.13 ~) FE 8CH (ver.0.14 ~) Notes
Antenna DC
RF Input SMAx 1 SMAx 1 SMA x 8 4.2-5V, < 100mA"
# of RFCH 2 4 8
(CH1: L1, CH2: L2/L5/L6) (CH1-4: L1 or L2/L5/L6) (CH1-8: L1 or L2/L5/L6)
LO Frequenc 1525- 1610 MHz (L1) or
q ¥ 1160 - 1290 MHz (L2/L5/L6)
Sampling Type I-sampling (2 or 3 bits) or IQ-sampling (2 bits)
Sampling Rate 4,6,8,12,16, 24 or 32 4,6,8,12,16, 24,32 or 48
pling Msps Msps
. Bandpass or Lowpass, 3rd or 5th-order Butterworth, "
IF Filter Bandwidth: 2.5, 4.2, 8.7, 16.4%, 23.4* or 36* MHz Lowpass Only
USB 2.0 (480 Mbps), USB 3.0 (3.2 Gen 1, 5 Gbps),
Host Interface micro-B (v.2.1),Type-C (v.2.3) Type-C
Output Format RAWS RAW16 RAW32
Power 5V, 140 mA 5V, 240 mA 5V, 330 mA USB Bus Power
Size (D x W x H) 67 x 25 x 15 mm 84 x41x15 mm 77 x 110 x 30 mm Including Case
Price ~ $60 *2 ~$13072/5249 ~$200 *2/ $550 *

*1 Total < 500mA (FE 8CH), *2 Parts only, *3 https://www.datagnss.com/collections/evk/products/pocketsdr-gnss-receiver

FE 2CH Prototype FE 2CH FE 4CH FE 8CH
3 v.4.0 3 1

v. 1.1 (2019.5) v.2.1 v.2.0 v.1.4 v.1.3 v.2.1 v.2.3 v.3.0
(2021.10) (2021.10) (2021.9) (2019.7) (2021.10) (2024.2) (2024.5) (2024.11)

Protétype


https://www.datagnss.com/collections/evk/products/pocketsdr-gnss-receiver

Pocket SDR FE 8CH (1/3)

* Configurable by External RF-dividers

Y Y |
i Div 2P 7|
[
I o Pocket ap Pocket - 2p Pocket ;Q Pocket
v
8p SDR FE SDR FE Y SDR FE \v4 SDR FE
8CH | Div 8CH 2P 8CH ¥ 1 8CH
4ap - 2p <
All L-band GNSS receiver GNSS-compass 4-elements 8-elements
(L1+B1+G1+L2+G2+L5+ (qual frep ) Antenna-array Antenna-array
E5b/B2+B3/L6) 9 9- (dual-freq.) (single-freq.)
* Parts Cost
A B C E F G H J K L
1 [No[,t|Reference ~|Value ~|Qty [+ Assy+|Supplier ~|Supplier Part # - |Price [+]|Total [+|URL -
38 3711 USE Type-C Receptacle USB 3.2 1 1 GCT USB4080-03-A 226.0 226.0 https
39 38 J12,J13 2-PIECE SHIELD Frame 2 0 Masach MS448-10F 234.0 468.0 https
40 39 J12-5,J13-8 2-PIECE SHIELD Cover 2 0 Masach MS448-10C 230.0 460.0 https
41
42 Subtotal 233 217 26836.5
43
44 41 PCB FR-4, d-layer 1 0 JLCPCB 7845 784.5 5pcs + metal mask
45 42 CASE BODY M¥ 3 mobile case 1 0 Takachi MX3-11-85SBP 781.0 781.0
46 43 CASE PANEL SLA(Resin), Black, Sanding-Ger 1 0 JLC3DP 777.0 777.0 2pcs (F+B)
47
48 Subtotal 23425
49
50 Total 29179.0  (Yen)




Pocket SDR FE 8CH (2/3)
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Pocket SDR FE 8CH (3/3)

Pocket SDR FE 8CH-2ANT

.
.
.
.
.
.
.
.
.
.
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IF Data Formats

I, :iCHl-sample, (@ :iCHQ-sample
«— 8 bits / sample —» |
INT8 (int8) 2 I (int8) I, (int8) I, (int8) I, (int8) >
le—— 16 bits / sample —— ]| |
INT8X2 ) ! o : i intg) 1
(interleaved int8) *2 ity : Q, (int8) I (int8) ! Q (int8) 5
le— 8 bits / sample —»| |
RAWS a, 1, o 1J]a 1, o 1l 1, o 1Ja 1, _a 1
(FE 2CH raw) I, Iy I I l ly I Iy
«— 16 bits / sample ———— | |
RAW16 q, T, o nh1a T, & nla T a hia T & &
(FE 4CH raw) I, Iy i Iy I3 I, 1, | I, I,
< 32 bits / sample > |
RAW32 7S 75 P PO P S 0 P PO P AP
(FE 8CH raw) I, I, : Iy Iy . I L I I
MSB LSB
. . . . *1 Polarity inverted due to MAX2771 convention
2 bits 1Q-sampling 2 bits |-sampling *2 Quantized values only supported in the range [-7 ... +7]
bits | 00 01 11 bits ~ **00 **01 **10 **11 ,
| 1 43 3 IF Data Tag File (<path>.tag)
Q! 1 3 +3 [ +1 43 -1 -3 PROG = Pocket SDR
TIME = 2024/11/01 20:48:00.776 (Start Time GPST)
3 bits I-sampling FMT = RAW16 (Format)
F.S =24 (Sampling Freq. MHz)
bits 0000 1000 0001 1001 0010 1010 0011 1011 F_LO = 1568,1237.8,1176.45,1278.75 (LO Freq. MHz)
IQ =2,2,2,2 (Sampling, 1:I, 2:IQ)
' +1 5 o+ 1 3 5 BITS = 2,2,2,2 (Sampling Bits)
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Baseband Signal
Processor
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Baseband Signal Processor

RF Signal

DIF

- SN Baseband Signal PV,
: : Processor : :
Signal Acquisition
Signal Tracking
C/NO Estimator » C/NO

. » Navigation

VS?F::?):‘f Correlators ) Symbols

. e ;< g >——* > l—o
_./ 7'y P
‘s » >—.® > »| DLL > Code Offset
A
—" % } E >
Code NCO < i
Carrier NCO N FLL/PLL i > ADR,
Doppler Freq.
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Signal Acquisition (1/4)

Coherent Noncoherent Signal Lock
Integration Integration Detector
. Doppler Freq,
DIF . ‘ s CAF Peak Lock Code Offset
> > b3 » ¥ 2 1 i s +
Search Decision
exp(-j2m(f + fy)t) Clt - top) ‘
Tcoh =nT= Tncoh =n Tcoh = . . .
Carrier NCO Code NCO 1~100 ms 10 ~ 1000 ms Decision Metric

fy=

tosr = 0' ATI ZAT, vee
de' 1:do"'Af; fd0+2Af, I off

i

+fdmax
~
<
. o
Signal 2
Search &5
Space 2o CAF
P ] Peak
AF=0.5/Tg, :I:
'fdmax
Code Offset (s) e T
fdmax é fc * (drmax/ C+ AfTCXO / f‘rcxo) (W/O assistance) AT é 05 Tc

f.: Carrier freq. (Hz), f: IF freq. (Hz), fy: Doppler freq. (Hz), t.4: Code offset (s), Af: Frequency search step (Hz), AT: Code search step (s),
T: Primary code cycle (s), T,,: Coherent integration time (s), T,.,,: Non-coherent Integration Time (s), T.: Code chip period (s),
CAF: Cross ambiguity function, dr,,,: Max range-rate between satellite and receiver (m/s), f;cyo: TCXO freq. (Hz), Af;yo: TCXO freq. offset (Hz)



Signal Acquisition (2/4)

Acquisition Algorithms

Serial Search (Sequential Search)

Parallel Freq. Search (PFS)

Parallel Code Phase Search (PCPS) (Circular Correlation)
Partial Matched Filter (PMF-FFT) (1]

DBZP 121, mSBZP-PCM B, ...

Considerations for Acquisition Design

Acquisition Time vs. Sensitivity to Weak Signal
Coherent vs. Noncoherent Integration Time

Doppler Variation including Reference Clock Instability
Bit-Transition by Navigation Data or Secondary Code
Ambiguous Peak Search for BOC-Modulation

exp(-j2m(f,e + fy)t)

Assisted Acquisition

Warm-Start with Almanac and Coarse Time/Position
Re-Acquisition with Coarse Doppler and Code Offset
External Assisted Information by A-GNSS
Multi-Stage Search Strategy with Multiple Signals

Parallel Freq. Search (PFS)

DIF CAF
FFT o 1*)2 ——
Clt-tog)

Code NCO

I

t =0, AT, 24T, ...

Parallel Code Phase Search (PCPS)

CAF
FET a(%)—» IFET [ %12 —

FFT+conj.
Carrier NCO T C(t)
T Code NCO

f,= fu0 FigtDF, F0+20F, ...

F(Conv(x, y)) = F(x) * F(y)"
DFT: O(N2) vs FFT: O(NlogN)

[1] W.Guo et al., A new FFT acquisition scheme based on partial matched filter in GNSS receivers for harsh environments, Aerospace
Science and Technology, 2017, [2] D.M.Lin et al., Direct P(Y)-code acquisition algorithm for software GPS receivers, ION GPS 1999,
[3] J.Svaton et al., Novel partial correlation method algorithm for acquisition of GNSS tiered signals, Navigation, 2020 39



Signal Acquisition (3/4)

Channel Initialization

IFData (N=f,xTx 2)

P [ S I R S o) —
T i t t+Tx2
i Zero-Padding (zP) ~ |
i I e (2°) 0 I | foof g IF Carrier - exp(-j2n(f + fy)t) Carrier
i i e Mixing NCO
i Resampling (N = f, x T x 2) i 1
; Cit) | D(t) exp(-j2ri(fi+f.)t) |
i FFT and Conjugate i FFT fy..
i ! ! l
FFT(C(t)) * }‘—@'—1 FFT(D(t) exp(-j2m(f+f,)t)) |
IFfT f
- _ Acquisition ref Doppler
! IFFT(FFT(C(t)) ™ * FFT(!D(t) exp(-j2m(f,+f,)t))) | Assistance—’ Freq. Bins
! 0 = 5k (Hz) (initial),
P rnax Non-coherent | * |2 Stem: 0.5 /7 (1)

Integration (< 10 ms)
Tost - Code

. Offset (s)
Correlation )
Detect Estimate fy Doppler
o Peak ] ——— —
; Signal Lock Fine Doppler Freq. (Hz)
o 2-D Search C/N, = C/NO Polynomial Fitting /
o 2? _ 02 lock C/N, C/NO
i, fy C/No (dB-Hz) = > da)

10 lo P__-P P T
P(t.s fy): Correlation Powers B10((PrvaPave)/Pave /T)

f.: Sampling Rate (sps), T: Primary Code Cycle (s), f: IF Carrier Freq. (Hz), f4: Doppler Freq. (Hz), t4: Code Offset (s), C/NO,,: Lock Threshold (dB-Hz)
f.: Carrier Freq. (Hz), f o: Local Oscillator (PLL) Freq. (Hz) 40



Signal Acquisition (4/4)

C/NO (dB-Hz)

Correlation Power

Correlation Power

$ pocket_acq.py L1.bin -f 16 -sig LLCA -prn 1-32 -tint 10

500
Coherent Integration =1 ms
47.5 Noncoherent Integration = 10 ms
45.0 4
425 4
40.0 4
37541
35.04
32.54
30.0 -
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PRN Number
$ pocket_acq.py L1.bin -f 16 -sig LLCA -prn 11 -|
1.0
Coherent Integration =1 ms
0.8 .
Noncoherent Integration = 10 ms
0.6 4
0.4+
]
0.2 :

04 06 08 (ms)

0.4+

0.2 1

00

Doppler Frequency

4000 (Hz)

C/NO (dB-Hz)

Correlation Power

Correlation Power

500

$ pocket_acq.py L1.bin -f 16 -sig L1CA -prn 1-32 -tint 100

47.5 A

45.0 4

IS

™~

n
I

=

e

o
L

37.5 1

350 1

325

300 -

10

Coherent Integration =1 ms
Noncoherent Integration = 100 ms

T T
1 2 3 45 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

PRN Number

$ pocket_acq.py L1.bin -f 16 -sig LLCP -prn 11 -|

08 A

0.6 4

04 4

0.2 4

Coherent Integration = 10 ms
Noncoherent Integration = 10 ms

0.0

10

038

0.6 4

04 A

02 4

Doppler Frequency

(ms)

0.0

T
—4000

T
—2000

u T T
0 2000 4000

41

(Hz)



Signal Tracking (1/4)

Carrier Tracking Loop (FLL/PLL)

Code

ST~ -~ )

Wipe-off

—~

Doppler Freq.

DIF P=1+Qj A, Af ADR
> > 2 Discriminator » Loop Filter >
exp(-i2n((fi+fy)t+d))) Clt - top)
Code Tracking f, d
Carrier NCO |«
Discriminator Loo PLL Discriminator
_ ' —— Costas ATAN y
Costas ATAN : Ad=atan(Q/1)/m Costas | x Q
Costas | * Q tAb=1*Q/m R [
PLL4 Costassign(l)*Q : Ad =sign(l)*Q/n 050 PLLQ
PLL ATAN2 : Ad =atan2(Q, I)/ T
L PLLQ :Ad=Q/m g 0.25
[ FLL ATAN2 : Af = atan2(dot, cross) / (t,-t,) /2m £
FLL FLL cross : Af=cross / (t,-t;) / 2n 8 0001
FLL sign(dot) *cross : Af = sign(dot) * cross / (t,-t;) / 2n £ _o2s]
(dot=1*1,+Q,* Q,, cross = 1,* Q, - ,* Q;) g
-0.50 { ~
State Transition of Tracking Loop ]
@ a @‘3 -1.00 // I I ) ) I I !
-1.00 -0.75 —0.50 -0.25 0.00 0.25 0.50 0.75
Start

Tracking Coarse

Pull-in

Frequency
Frequency Pull-in, Very-Low-
C/NO Tracking

Low-C/NO
Tracking

High-C/NO
Tracking

Phase Error (cycle)



Signal Tracking (2/4)

Code Tracking Loop (DLL)
T wedll] e TUNMATATINTLIL

® s |t E=lg+ Qg P=lp+Qy, L=1 +Qj
DIF 1 T‘—» At Code Offset
> =® " 2 » Discriminator » Loop Filter >
exp(-j2m((f e+ )t+d))) ‘.@ H 3 fy I Carrier Aiding
Carrier Tracking t Carrier Tracking
CodeNCO [+ >
Discriminator 06 DLL Discriminator
= (E-LM/(E+L)/2
NoncoherentE-L : At=1/2*(E-L)/(E+L)*T, (:EE"IZL—LQ"Z)!(E"2+L"2)I4
oLL Noncoherent E2- 12 : At=1/4* (E2-12)/ (E2+12) * T, 04 By o
CoherentE-L PAt=1/2%(l-1) * T,
Coherent (E-L)*P : At=1/2%*(Ic-1)*1,*T, z .l
(E=sart( 12+ Qg?), L=sqrt( 12+ Q%) g
Multipath Mitigation g oo
« Narrow Correlator (spacing = 0.01 ~ 0.1 chip) £
* Double-Delta Correlator (E2+E1+P+L1+L2 Correlators) E ol
* Strobe Correlator ] 5
e MEDLL (Multipath Estimating DLL) (> 10 Correlators) [2]
* VDLL (Vector DLL), Deeply-Coupled INS Integration, ... 0.4+
Side Peak Tracking for BOC Correlator Spacing = 1.0 chip
* Bump-jumping (BJ) L -10 -0.5 0.0 05 10 15

Code Offset (chips)

e Astrium Correlator, Double Correlator, ASPeCT, SCM, SLC, ...

[1] L.Garin et al., Strobe & edge correlator multipath mitigation for code, ION GPS 1996
[2] B.R.Townsend et al., Performance evaluation of the multipath estimating delay lock loop, Navigation 1995



Signal Tracking (3/4)

Primary Code + Sub-carrier IFData (N=f,xT)
([ -- SSZI g | | D(t) | )
Resampling (N = f, x T) t+ T x floor(tyq/T,) <
v .
Resampled o IF Carrier ® exp(2n((f+f)t+0)
Code Bank | C(t) Mixing
(n=10) . rem(tyq To)
Code Shift Code Bank Selection
Clt- t] I @ D expln((fer L0 ]
P —» |e—
t.,.: Correlator Coherent
E L : .
N " position Integration | z | Signal Carrier
+S l—] N | E P L Acquisition NCO
Correlator
Spacing tofm far C/No
] B et s B L Doppler
! ] i Freq. (Hz),
|:|_|_/p|_|_ i . &> Updat i
i A, Af, pdate i fy,®| ADR
WBFLL(0.55) > i P Di FL.L/I.)LL © Ay, L Car:_el'.r Carrier-phase/ : d (cyc)
NBFLL(0.55) > | iscriminator oop Filter Af, Doppler Freq. i
PLL H ATAN(QP/IP) (Costas) BW=5->2Hz (FLL), 5Hz (PLL, 2nd-Order) E
IL._. N Y A fd p——
i E i Code
: ’E_’ DLL Dty Code Aty ™ Update Pt Offset (s)
DLL i L Discriminator Loop Filter Code Offset i
i_ Noncoherent Integ. (IE[-ILD/CIET*+IL]) / 2 BW=0.25Hz (1st Order) i
Navigation b Detect
Data = 31— om | omne P o o
N . . > > Signal Lost
Decoder —————] 5 |——{ Estimation LPF C/N, (dB-Hz)

Teno=1s 10 log,o(|P12/IN]2/T)
E/P/L/N: Early/Prompt/Late/Noise Correlation, f,: Sampling Rate (sps), T,: Sampling Cycle (s), T: Primary Code Cycle (s), f.: IF Carrier Freq. (Hz),
f4: Doppler Freq. (Hz), t.4: Code Offset (s), @: Carrier-phase (cyc), Afy: Doppler Error (Hz), At 4 Code Offset Error (s), AD: Carrier-phase Error (cyc) 44



Signal Tracking (4/4)

GPS
PRN11
L1C/A

GPS
PRN11
L1Cp

-0.

0.6
0.5
0.4
0.3
0.2
0.1

0.1

0.6

0.4

0.2

=]

-0.2

-0.4

-0.6

0.6
0.5
0.4
0.2
0.2
0.1

-0.1

0.6

0.4

0.

=]

=]

P

-0.4

-0.6

. . . ! .s'gn(lp) . . . : 0.6 L —
" BPSK(1), T, =1ms 1
L COFF (ms)
0.0955 0.096 0.0965 0.097 0.0975 0.008 0.0985 0.099
Time (s) - IP/QP
C/ND: 46.5 d3-Hz COFF: 0.0971377 ms DOP: -1152.0 Hz ADR: -2060.7 cyc SYNC: B~ #NAV: 0 ' ' " p—o
- Ml b Jl 4T
Yo i o v |
<—— WBFLL — «<— NBFLL > < PLL (Costas) ———— |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
1* sign(IP) P-QP
T T T T T T T T 0.6 T T T T
" TMBOC(6,1,4/33), T.o, = 10 ms 1 0.4
i j .
- i D é '.;
5 1 0.2 :
w \.,/'/ 0.4
L COFF (ms)
3.0055 3.096 3.0965 3.097 3.0975 3.008 3.0085 3.009 8% 04 02 0 02 04 06

Time (s) - IP/QP

T T T T T T
C/NO: 48.4 dB-Hz COFF: 3.0971427 ms DOP: -1152.1 Hz ADR: -2071.8 oyc SYNC: — #NAV: 0

MU [
WY I

'l,l’l|l't'|,l,

t'i,l,)’l |

+«—— WBFLL —> «<—— NBFLL > <

’Ill‘l'l't'l,lli'l,ll

it

PLL (Costas) ——

W

0

L
0.2

0.4

L
0.6 0.8 1

1.2

L
1.4

1.6

1.8

FLL/PLL

FLL Loop Filter BW =

5Hz (WB), 2Hz (NB)

PLL Loop Filter BW =
10Hz

DLL

DLL Loop Filter BW =
0.5Hz

T 20 ms

ncoh ~
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Navigation
Processor
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Navigation Processor

RF Signal

Navigation
Symbols

Code Offset

Doppler Freq.

ADR

PVT: position, velocity and timing, SF: subframe, SPP: single point positioning, RTK: Real-time kinematic, PPP:

Navigation PVT
. :
Processor
Navigation Data Decoder
Synchronize Synchronize Forward Error Error
Sec-code/Bits SF/Message Correction Detection SF/
l | Message
Week/TOW Almanac Ephemeris Correction
Detection Decoder Decoder Data Decoder
Symbol Week/ . Correction
Sync Info TOW Ephemeris Data
PPS
, v i
Transmission Pseudorange Fine Ref. Station Data { RTCM Message RTCM 3
Time Estimation Generation Time Decoder
Pseud PVT
seudorange > Solution NMEA 0183
»| SPP, RTK, PPP NMEA Sen?ence .
R Generation
Half-cycle Carrier-phase ’| RTCM Message RTCM 3
Amb. Resolution Generation Carrier- Generation
: hase >
PVT Generation P Receiver Log
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Navigation Data

System

GPS,
QZss

GLONASS

Galileo

QZss

BeiDou

NaviC

SBAS

Signal
L1C/A
L2C, L5Q
L1Cd

L1C/A, L2C/A
L3ocd
L10Cd

E1C, ES5b-I

ESa-|
E6B

L1S

L6D, L6E

B1l, B2, B3I

B1C-D
B2a-D

B2b-I

L1-SPS

L5-SPS, S-SPS
L1C/A
L5l

Navigation
Data

LNAV
CNAV

CNAV-2

GLO-STR
GLO-L3-STR
GLO-L1-STR

I/NAV

F/NAV
C/NAV
L1S

L6D, L6E
D1

D2

B-CNAV1

B-CNAV2
B-CNAV3
B2b-PPP

IRN-L1-NAV

IRN-NAV
SBAS
L5 SBAS

Cycle (s)

30/6
12

18

150/30/2
3
2

720/30/2

600/50/10

1

1

1
720/30/6
360/3/0.6

18

3

1

52/18

12
1
1

Frame/Subframe/Page/Message

(Ss::‘.i) Data Structure (bits)
8 (24 + 6 (parity)) (word) x 10
8 8 (sync) + 268 + 24 (CRC)
52 9 (SF1) + 600 (SF2) + 274 (SF3)
30 1+ 76 + 8 (parity)
20 20 (sync) + 256 + 24 (CRC)
12 12 (sync) + 222 + 16 (CRC)
10 114 + 6 (Tail) (even)
82 + 24 (CRC) + 8 + 6 (Tail) (odd)
12 214 + 24 (CRC) + 6 (Tail)
16 14 + 448 (page) + 24 (CRC) + 6 (Tail)
8x3 8 (sync) + 218 + 24 (CRC)
32 32 (sync) + 17 + 1695 + 256 (RS)

11 (26 + 4 (parity)) + (22 + 8 (parity)) x 9

72 14 (SF1) + 600 (SF2) + 264 (SF3)

24 264 + 24 (CRC)

28 462 + 24 (CRC)

52 9 (SF1) + 600 (SF2) + 274 (SF3)

16 262 + 24 (CRC) + 6 (Tail)
8x3 8 (sync) + 218 + 24 (CRC)
4x6 4 (sync) + 222 + 24 (CRC)

Error Detection and Correction

Hamming(32,26)
1/2(600,300), CRC24

BCH(52,9), BI(38x46), LDPC(1200,600),
LDPC(548,274), CRC24

Hamming(84,76)
1/2(600,300), CRC24
1/2(500,250) , CRC16

BI(30x8), 1/2(250,125), CRC24

BI(61x8), 1/2(500,250) , CRC24

BI(123x8), 1/2(1000,500), CRC24, HPVRS(HAS)
1/2(500,250), CRC24

RS(255,223)

BI(30x10), BCH(15,11,1)

BCH(21,6), BCH(51,8), BI(36x48),

64ary-LDPC(200,100), 64ary-LDPC(88,44), CRC24

64ary-LDPC(96,48), CRC24
64ary-LDPC(162,81), CRC24

BCH(52,9), BI(46x38), LDPC(1200,600),
LDPC(548,274), CRC24

BI(73x8), 1/2(572,286), CRC24
1/2(500,250), CRC24
1/2(500,250), CRC24

1/2: Convolutional Code (R=1/2, K=7), Bl: Block Interleave, LDPC: Low Density Parity Check, RS: Reed-Solomon, CRC: Cyclic Redundancy Check,
HPVRS (High Parity Vertical Reed-Solomon): 24 (header) + 424 (page), 424 x 32 -> RS(255,32,224) -> 424 x 255 -> transmitted by different sats.)
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Error Detection and Correction

*  Error Detection

Bit Error Rate of Uncoded BPSK Signal —  Hamming Code (GPS/QZSS L1C/A)
100 — —  CRC24 (GPS/QZSS L2G, ...)
— o —  CRC16 (GLONASS L10C)
o e Forward Error Correction (FEC)
- — Hamming Code (GLONASS L1C/A, L2C/A)
— Reed-Solomon (RS) Code (QZSS L6D/E, Galileo E6/HAS)
o s — BCH Code (GPS/QZSS L1C, BDS B11/B21/B3l)
@ —  Convolutional Code (R=1/2, K=7) (GPS/QZSS L2G, ...)
- — LDPC Code (GPS/QZSS L1C, NavIC L1-SPS)
— NB (64ary)-LDPC Code (BDS B1C, B2a/b)
o] — Block Interleave (BI) (GPS/QZSS L1G, ...)
*  FEC Decoder Algorithms
10754 - — — — - " —  Convolutional Code: Viterbi Algorithm []
C/NO (dB-Hz) — Reed-Solomon Code: Berlekamp-Massey Algorithm [213]
BeR :lerfc(\/E—T’J :lerfc{\/c—iﬂ,] — LDPC Code: Sum-product, Min—sur.n Algorithm [2.”4]
2 Ng | 2 No —  NB-LDPC Code: EMS (extended-min-sum) Algorithm [3]

erfc(): Complementary error function, E,/N: Bit energy to noise density, T,: Bit period (s)
[1] A.).Viterbi. Error bounds for convolutional codes and an asymptotically optimum decoding algorithm, IEEE Trans. on Information Theory, 1967
[2] CCSDS 131-B-5, Recommendation for Space Data System Standard, TM Synchronization and Channel Coding - Blue Book, September 2023
[3] E.Berlekamp, Algebraic Coding Theory - Revised Edition, World Scientific Publishing, 2015
[4] X-Y.Hu et al., Efficient implementations of the sum-product algorithm for decoding LDPC codes, IEEE Global Telecomm Conference, 2001
[5] E.Li et al., Trellis-based Extended Min-Sum algorithm for non-binary LDPC codes and its hardware structure, IEEE Trans. on Communications, 201349



PVT Generation

 Observation Data Generation

Generate pseudorange with week/TOW and code offset (data signals)

Resolve code-cycle ambiguity by secondary code phase (pilot signals)

Resolve secondary-code-cycle ambiguity by data signal pseudorange (pilot signals)
Generate carrier-phase with ADR

Resolve half-cycle ambiguity by symbol-sync info

Receiver clock steering with fine-time generated by PVT

e PVT Solution

SPP (single point positioning) by pseudorange with or without SBAS correction data
RTK by carrier-phase/pseudorange and reference station data

PPP by carrier-phase /pseudorange and correction data for PPP

PVT algorithms base on RTKLIB 1]

 Message Generation

NMEA 0183 (GNRMC, GNGGA, GNGSA, GxGSV, ... sentences) 12
RTCM 3 MSM (MT1077, 1087, 1097, 1117, 1127, 1137, 1107) with extensions 3!
RTCM 3 EPH (MT1019, 1020, 1045, 1046, 1044, 1042, 1041) (decoded ephemeris)m

Receiver Log

NMEA GNRMC: Recommended minimum specific GNSS data, GNGGA: Global positioning fix data,
GNGSA: GNSS DOP and active satellites, GxGSV: GNSS satellites in view
[1] RTKLIB ver. 2.4.2 Manual, 2013, [2] NMEA 0183, Standard for interfacing electronic devices version 4.10, 2012,
[3] RTCM standard 10403.4, Differential GNSS (global navigation satellite system) services - version 3, November 2024
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RTCM 3

RTCM 3 Message [

| Preamble(8) | 000000 |  Length(10) | Data (Length x 8) | CRC (24) |
MT(12 | Message Body | (bits)
MT (Message Type)
Message GPS GLONASS = Galileo Qzss BeiDou NavIC SBAS
Basic RTK L1 Only 1001 1009 - - - - -
OBS Extended RTK L1 Only 1002 1010 - - - - -
Basic RTK L1 & L2 1003 1011 - - - - -
Extended RTK L1 & L2 1004 1012 - - - - -
Satellite Ephemeris Data 1019 1020 11(;):&.,5*'2 1044 1042 1041 -
MSM 1 (Compact P) "3 1071 1081 1091 1111 1121 1131 1101
MSM 2 (Compact PR) 3 1072 1082 1092 1112 1122 1132 1102
MSM 3 (Compact P+PR) 3 1073 1083 1093 1113 1123 1133 1103
MSM MSM 4 (Full P+PR+CN) *3 1074 1084 1094 1114 1124 1134 1104
MSM 5 (Full P+F‘R+PRR+CN)*3 1075 1085 1095 1115 1125 1135 1105
MSM 6 (Full P+PR+CN+H)*3 1076 1086 1096 1116 1126 1136 1106
MSM 7 (Full P+PR+PRR+CN+H) 3 1077 1087 1097 1117 1127 1137 1107
Orbit Correction 1057 1063 1240™ 1246™ 1258™ - 1252™
Clock Correction 1058 1064 1241 12471 12591 - 12531
SSR Code Bias 1059 1065 12421 12481 12601 - 12541
Combined Orbit and Clock 1060 1066 12431 12491 1261 - 12551
URA 1061 1067 1244*1 1250"! 12621 - 1256"1
High-Rate Clock Correction 1062 1068 1245*1 1251"1 12631 - 125771

Station Coordinates/Antenna Description
Proprietary Information

1005, 1006, 1007, 1008, 1032, 1033

4070~ 4095

*1 Draft version, *2 1045: F/NAV, 1046: I/NAV, *3 P: Pseudorange, PR: PhaseRange, PRR: PhaseRangeRate, CN: CNR, H: High Resolution
[1] RTCM standard 10403.4, Differential GNSS (global navigation satellite system) services - version 3, November 2024



Implementation
of Pocket SDR
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Pocket SDR Features

Supported System and Signals
—  GPS: L1C/A, L1C-D, L1C-P, L2C-M, L5-1, L5-Q
—  GLONASS: L1C/A (L10OF), L2C/A (L20F), L10Cd, L10Cp, L20Cp, L30Cd, L30Cp
— Galileo: E1-B, E1-C, ESa-l, E5a-Q, E5b-I, E5b-Q, E6-B, E6-C
— QZSS: L1C/A, L1C/B, L1C-D, L1C-P, L1S, L2C-M, L5-1, L5-Q, L55-I, L55-Q, L6D, L6E
— BeiDou: B1l, B1C-D, B1C-P, B2a-D, B2a-P, B2I, B2b-I, B3I
—  NavIC: L1-SPS-D, L1-SPS-P, L5-SPS, (S-SPS)
— SBAS: L1C/A, L5-1, L5-Q
Supported RF Frontends
— Pocket SDR FE 2CH, FE 4CH and FE 8CH, ... (planned)

Supported Environments

— Windows 10/11, Linux (Ubuntu, ...), macOS (Apple silicon), Raspberry Pi 4/5 (RasPi OS), ...
Program Languages

— C/C++ (gcc or clang)

— Python 3 (numpy, scipy, matplotlib and TKinter)
External libraries

— CyAPI or libusb-1.0 (USB device driver)

— FFTW3 (FFT/IFFT), LIBFEC and LDPC-code (FEC decoder), RTKLIB (PVT, NAV data decoder, ...)
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Pocket SDR Package

PocketSDR ——— bin

(ver.0.14)

— app

L— convbin
src

python

1lib

— win32
— macos
F— linux
— build
— cyusb
L— RTKLIB
conf

— FE_2,4,8CH
— driver

— doc

— image

— sample

L— test

T 711rr——— ">

#
#

#
#
#

H OH O ¥ ¥ R B

Pocket SDR APs binary programs
Pocket SDR APs source programs

— pocket_conf # Pocket SDR FE device configurator
— pocket_dump
— pocket_scan
— pocket_acq
— pocket_trk

— pocket_snap

# Dump digital IF data of Pocket SDR FE device
# Scan and list USB devices
# GNSS signal acquisition
# GNSS signal tracking and PVT generation
# Snapshot Positioning
# RINEX converter supporting Pocket SDR
Pocket SDR library source programs
Pocket SDR Python scripts
Libraries for APs and Python scripts
# Libraries for Windows
# Libraries for mac 0S
# Libraries for Linux or Raspberry Pi 0S
# Makefiles to build libraries
# Cypress EZ-USB API (CyAPI.a) and includes
# RTKLIB source programs based on 2.4.3 b34
Configuration files for Pocket SDR FE
Pocket SDR FE 2CH, 4CH, 8CH H/W and F/W
Driver installation instruction for Pocket SDR FE
Documents
Image files for documents
Sample digital IF data captured by Pocket SDR FE

Test codes and data
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Pocket SDR S/W Structure

USB Event Handler Thread

Pocket Read R Raw
SDR FE USB Device Data Buffer
IF Data
Receiver Thread Buffer
Receiver Process Loop
INTS,  RAW v
| ! INT8X2, RAW Read IF Data
IF Data vy ¥
File Raw to IF Write IF IF Data
Data LUT Data Buffer Buffer
v v
@ RAW Write IF
Data Log
IF Data 2
Log Update Signal R
Search CH
v
Initialize Update ’
Receiver PVT Solution |
¥
Eﬂ: NMEAO0183 Generate sdr opx8 ¢!
NMEA
NMEA L
RTCM3 MSM7 Generate Observation
RTCM3 OBS Data
- —
—  Navigation ¢
RTCM3 Generate Data
RTCM3 EPH RTCM3 NAV

I
[

BB CH1 Thread

» Control Flow —— Data Flow

~ CH Process Loop
state=SRCH }\ state=LOCK
v v
Search Update
‘_
Signal Time
v v
Detect
—>
signal Lock Correlator
i v
sdr_cox16_t Sync/Remove
x5 Secondary Code
12
Carrier NCO
> FLL/PLL
and Mixing /
[ L S y
i Carrier-mixed-
Data LUT DLL
v
Update C/NO
v
Initialize Decode
BB CH Navigation Data
12
Detect L,
Signal Lost
L2
Update
OBS/NAV Data
| Z——

*1 (4 + 4) bits Fixed Point Complex

*2 (8 + 8) bits Fixed Point Complex
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Optimization (1/4)

Reduction of Memory Bandwidth
— Minimized size of IF data (8 bits and 16 bits fixed-point complex)
— Minimized data copy

Usage of Pre-initialized Lookup Table (LUT)

— Conversion of raw input data to IF data buffer
— Carrier-mixing (multiplication of IF carrier-replica and IF data buffer)

Multi-threading
— Efficient resource utilization of multi-core CPU and SMT (simultaneous muti-threading)
— Assignment of independent and asynchronized threads to each receiver channels
— Minimized synchronization overhead between threads

SIMD Instructions
— Intel/AMD x86_64: SSE2 and AVX2 (128 and 256 bits-wide vector-instructions)
— ARM: NEON (128 bits-wide vector-instructions)
— Correlator, carrier-mixing, multiplication of complexes, ...

Optimized FFT/IFFT
— FFTWS3 for SP-complex 1D-FFT/IFFT with SIMD optimization
— FFTW wisdom for environment specific optimization
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Optimization (2/4)

Carrier NCO and Mixing

PocketSDR/src/sdr_func.c (ver.0.13) buff->data[] : sdr_cox8_ ¢ (4+4) bits x 8 samples
. d
void mix_carr(const sdr_buff_t *buff, int ix, int N, double phi, | _mm_loadu_si128() ——

JD|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|

double step, sdr_cpx16_t *IQ) { // step = Aphi / sample | T = P
const uint8_t *data = buff->data + ix; | _k__.w__T_,"_“,z,SG__f‘_’,teP_‘_‘f_,ep'32() . ydat

double scale = (double)(1 << 24) * NTBL; o [p] o |p] o [p] o o] o |p] o [b] o |D |D
uint32_t p = (uint32_t)((phi - floor(phi)) * scale); // initial phase /

_mm256_slli_epi32() Ieftshlft
uint32_t s = (uint32_t)(int)(step * scale); // phase step / sample v v 3 v 3 3
int i=0; o |pfo| o [pfo] o |pfo] o [pfo] o |pfo] o |pfo] o |D|0 |D|o
__m256i yp = _mm256_set_epi32(p+s*7, p+s*6, p+s*5, p+s*4, ...); phi
__m256i ys = _mm256_set1_epi32(s*8); yp :uint32_t
for (; i<N-16; i+=8){ P+7*s P+6*S p+5*s | p+4*s | p+3*s | p+2* \p+s | p
int idx[8]; _mm256 srllep|32() : rlght shlft
__m128i xdas = _mm_loadu_si128((__m128i *)(data + i)); 5 ‘i‘P 5 ‘i‘P 5 ‘i‘P ' “ T s ‘i‘P T I‘P
__m2561 ydat = _mm256_cvtepu8_epi32(xdas);
__m2561 yidx = _mm256_add_epi32(_mm256_s1li_epi32(ydat, 8), mm256_add_epi32() |—>€ 9
: oani . ) yidx
St L SPLSIR, )i [ To[FT o To[P o To[P o o]el o Tole s Tl Tl [olf]

_mm256_storeu_si256((__m256i *)idx, yidx); —
10[i 1 = mix_tbl[idx[0]1]; // IQ(t)=data(t)*exp(-i*2*pi*(F*t+phi)) W
IQ[i+1] = mix_tbl[idx[1]];

. - mi . . mix tbl Carrier-mixed-data
IQ[i+2] = mix_tbl[idx[2]]; : sdr_prl[ls_t LUT ((8 + 8) bits x 64k)

IQ[i+7] = mix_tb1[idx[7]]; %N

= mm256_add_epi32(yp, ys); 1 T
- praciyp. ¥ ok (el o[l Tal e[ ol Ja] o]
for (p +=s * i; i < N; i++, p +=s) { ys :uint32_t
int idx = ((int)data[i] << 8) + (p >> 24); [ 8*s | 8 | 8% [ 8% | 8% [ 8% | 8 [ 8* |
IQ[i] = mix_tbl[idx]; |
} _mm256_add_epi32() >«

}

_mm_*(), _mm256_%*(): SSE2, AVX2 Intrinsics (1]

[1] https://www.intel.com/content/www/us/en/docs/intrinsics-guide/index.html 57
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Optimization (3/4)

Correlator

PocketSDR/src/sdr_func.c

void dot_IQ_code(const sdr_cpx16_t *IQ, const sdr_cpx16_t *code, int N,

int i = 0;

float s, sdr_cpx_t *c) { // c: correlation

(*c)[0] = (*c)[1] = 0.0f;
__m2561 ysumI =
__m2561 ysumQ =
__m2561 yextI =
__m2561 yextQ =

for (; i<N

}

sum_s16(ysumI, (*c)[0]) // c.real +=
sum_s16(ysumQ, (*c)[1]) // c.imag +=

_mm256_setzero_si256();
_mm256_setzero_si256();
_mm256_set_epi8(0,1,0,1,0,1,0,1,0,1,0,1,...);
_mm256_set_epi8(1,0,1,0,1,0,1,0,1,0,1,0,...);
15; i += 16) {

__m2561 ydata = _mm256_loadu_si256((__m256i *)(IQ + i));
__m2561 ycode = _mm256_loadu_si256((__m256i *)(code + i));
__m2561 ycorr = _mm256_sign_epi8(ydata, ycode);
ysumI = _mm256_add_epi16(ysumI, _mm256_maddubs_epi16(yextI, ycorr));
ysumQ = _mm256_add_epi16(ysumQ, _mm256_maddubs_epi16(yextQ, ycorr));
if (1 % (16 * 256) == @) { // to avoid overflow
sum_s16(ysumI, (*c)[0]) // c.real += sum(ysumI), ysumI = @
sum_s16(ysumQ, (*c)[1]) // c.imag += sum(ysumQ), ysumQ = 0

}

sum(ysumI)
sum(ysumQ)

for ( ; i< N; i++) {

}

(*o)[o]
(*a)[1]

+=

IQ
IQ

+=

[i].I * code[i].I;
[i].Q * code[i].Q;

(*c)[0] *= s * SDR_CSCALE; // correlation I
(*c)[1] *= s * SDR_CSCALE; // correlation Q

}

[1] https://www.intel.com/content/www/us/en/docs/intrinsics-guide/index.html

|« (8 + 8) bits x 16
1Q[]: sdr_cpx16_t

samples =I

ydata

al1|afrlal t]a] ifaf 1faf ra] fa] ifaf rlaf rla] fa] ifaf rlal ra] t]a] 1]

code[] : sdr_cpx16_t

€={1,0,1} ycode

c|clc[c|c|c[c|c|c]c|c|c|c]c[c|c

|c[c]c]c[c]c]cfc]c]c[c]c[cfc]c]c]

_mm256_sign_epi8()

corr

y
HENEEENENENEREE

yextl

lof2fo[1]o]1]of1[o[1]o]1]of1[o[1]o]1]0f1]o[1]o]1]of1[o[1]o]1]of1]

_mm256_maddubs_epil6()

+ 4

[xc|ixc|i=c[ixc|i*c|i*c[i*c ] 1*c

y
i*c | ixc| i*c | ixc| i*c | ixc| i*c | ixc |

|
_mm256_add_epi1|6() E

ysuml

(HE3 I I I A A

3 I A A

—’@—>c.real : float

yextQ

[1lof1]of1]of1]of1]of1]o]1fo]1]0

_mm256_maddubs_epil6()

[2]ofzfo[1]o]1]ofs[o[1]o]1]of1]o]

+ 4/

[a*c|a*da*c|a*da*c|a*da*c|a*g

y
a*c|a*da*c|a*da*cla*da*c|a*c|

_mm256_add_epil6() E

ysumQ

A
Lzfsls]s]s]sfs]>

sfels]sfa]sfs]s]

_mm256_%(): AV

—»@—» c.imag : float

X2 Intrinsics (1
58
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Optimization (4/4)

[
Single Thread Execution Time of API Functions (ps)
CPU/OS = AMD Ryzen Al 9 HX370 (12C/24T), Windows 11 S/W = Pocket SDR ver.0.13, C with AVX2/NEON
API Function (sdr_*()) API Function (sdr_*())
S/W N = CPU/OS N =
mix_carr | corr_std corr_fft mix_carr = corr_std corr_fft
12,000 1.6 4.8 423 12,000 5.5 9.1 99.3
k Intel Core i5-
Pocket SDR 24,000 4.9 6.5 82.6  g259U (ac/8T 24,000 103 17.4 178.8
ver.0.13, ( )
C with AVX2 48,000 9.7 14.6 85.9  Ubuntu22.04 48,000 20.5 35.1 251.4
LTS
96,000 16.2 29.4 617.1 96,000 41.3 76.5 832.5
12,000 4.7 36.2 48.7 12,000 5.5 9.3 127.3
k M2 Mac mini
Pocket SDR 24,000 7.4 73.9 95.9 | (Apple M2 24,000 8.5 18.8 267.7
ver.0.13, ’
C w/o0 AVX2 48,000 16.9 148.9 107.2  8C/8T), 48,000 17.1 37.1 461.8
macOS 14.6.1
96,000 33.8 301.3 661.4 96,000 36.0 75.6 1161.7
12,000 8.0 14.3 63.1 12,000 16.1 27.1 319.0
K Raspberry Pi 5
Pocket SDR 24,000 17.5 26.7 96.3 | (ARM Cortex- 24,000 32.1 54.7 545.6
ver.0.11,
C with AVX2 48,000 34.2 55.2 187.7  A76,4C/4T), 48,000 64.2 108.8 894.6
Raspberry Pi OS
96,000 69.6 110.2 641.7 96,000 129.2 218.1 3582.6
12,000 32.2 48.6 81.1 12,000 24.7 49.5 759.3
k Raspberry Pi 4
Pocket SDR 24,000 59.6 86.3 169.5 ] 24,000 49.5 89.1 1435.4
ver.0.13 (ARM Cortex
python 3 48,000 116.8 168.4 3424 | A72,4c/47), 48,000 98.8 177.5 33736
Raspberry Pi OS
96,000 258.7 330.6 909.7 96,000 197.6 357.2  11343.5

mix_carr: IF carrier mixing, corr_std: Standard (N+E+P+L) correlator with IF carrier mixing, corr_fft : parallel correlator by FFT,
FFT performance optimized by FFTW wisdom at N = 48000



Pocket SDR Performance (1/5)

Pocket SDR ver.0.14

80

Signals Tracked (RINEX)

2@ C1C L1C DIC S1C CIL LIL DIL S1L €25 L25 D25 525 (51
L5I DSI 55I CS5Q L5Q DSQ 55Q

28 C1C L1C DIC S1C C44 L4A D4A 544 C2C L2C D2C 52C €31
L3I D3I 53I C3Q L3Q D30 53Q

32 C1C L1C DIC S1C C1B L1B DB 51B C7I L7I D7I 57I €70
L70 D7Q 570 €SI L5I DSI S5I CSQ L5Q DSQ 550 CGB LGB
D6B S6B C6C LGC DEC S6C

44 C1C LI1C DIC S1C €IL LIL DIL SIL €15 L1S D15 515 (€17
L1Z D1Z 517 €25 L25 D25 525 €SI LSI DSI 551 C€SQ LS50
D50 S5Q C50 LSD DSD 55D CSP LSP DSP SSP C65 LGS D65
565 C6E LGE DGE SGE

8 C1C L1C DIC S1C €SI LSI DSI 55T

32 €21 L2I D2I 521 €10 L1D DID 51D C1P L1P DIP S1P C7I
L7I D7I 57I C70 L7D D7D 570 CSD LSD DSD S50 CSP LSP
D5P S5P CBI LGI DEI 561

4 (SA LSA DSA 554

#0F SATELLITES (EL=0°)

0
00:00 02:00 04:00 06:00

mosaic-X5 (FW 4.14.10.1) !
Signals Tracked (RINEX)

80

2@ C1C L1C DIC S1C C1W L1W DIW SIW C2W L2W D2W S2u C2L
L2L D2L S2L €50 L5Q DSQ 55Q

16 C1C L1C DIC S1C C2P L2P D2P S2P C2C L2C D2C 52C C3Q A 50
L30 D3Q 530 g

28 C1C L1C DIC S1C C7Q L7Q D7Q 57Q C5Q L5Q D5Q S5Q C6C 5 s«
L6C D&C S6C C8Q L8Q DS8Q 580 2

12 C1C L1C DIC 51C C2L L2L D2L S2L C5Q L5Q D5Q 55Q 2w

24 C2I L2I D2TI 52T CIP L1P D1P 51P C7I L7I DVI 571 C7D
L7D D7D 57D C5P L5P D5P 55P CBI LeI DeI 561 2
4 C5A L5A D5A S5A

0
00:00 0z:00 04:00 06:00

2025-03-08 0:00:00 -23:59:59 GPST, RTCM3: Pocket SDR, SBF: mosaic-X5

# of Satellites Tracked

08:00 10:00 12:00 14:00 16:00

# of Satellites Tracked

08:00 10:00 1200 1400 16:00

*1 SBAS disabled

18:00

2000 11300
e

19
52
56
N
264
477

(1.3%

0oLy

(0.2%)
(0.6%)
(0.6%)
(3.8%)
(3.1%)
(55%)

592, [68%l.
DT

(18.6%)
(21.8%)
(16.5%)
(8.6%)
(21%)



Pocket SDR Performance (2/5)

Pocket SDR ver.0.14

L2/G2/E5b/B2 L5/G3/E5a/B2a E6/L6/B3

L1/G1/E1/B1

X5 (FW 4.14.10.1)

mosaic-

L2/G2/E5b/B2

E6/L6/B3

L5/G3/E5a/B2a

L1/G1/E1/B1

2025-03-08 0:00:00 -23:59:59 GPST, RTCM3: Pocket SDR, SBF: mosaic-X5 61
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Pocket SDR Performance (3/5)

SNR (dBHz)

Multipath {m)

Pocket SDR ver.0.14 mosaic-X5 (FW 4.14.10.1)
GPS L1C/A C/NO and MP - Elevation GPS L1C/A C/NO and MP - Elevation
65 — 85
E

05 é 05

10 S indint o i  Send S E 10

15 -15

-20 ; B L B S Y
25 - W3V : ‘ ‘ : : : : : Ié\evahc?n[“:{ 2 ; : : : : : : : : : : : I:t_\evatu‘?n [-°-]_
3 0[} 1[; " 20 30 40 50 60 70 80 90 _3'[}0 10 20 30 40 50 60 T0 a0 a0

Correlator spacing = 0.1 chip,
DLL non-coherent integ. time = 20 ms
2025-03-08 0:00:00 -23:59:59 GPST, RTCM3: Pocket SDR, SBF: mosaic-X5 62



Pocket SDR Performance (4/5)

10
E-W(m) ORI=35.872989648°N 138.389667427°E 1005.3509m
5 AVE=0 2554m STD=0.4656m RMS=05311m
. \
OWWWW
5
-10
N-§(m) AVE=07736m STD=0.7730m RMS=10936m
5 H
5
10
U-D (m}) AVE=-01407m STD=1.7350m RMS=17406m
. . ;

é : i N=86315

00:00 0200 0400 0600 0800 1000 1200 14:00 16:00 1800 2000 2200

Pocket SDR ver.0.14

80
ORI=35.872989648°N 1:38.389667427°E 1005, #ofValid Satellites
AVE=E: 0.2554m N: 0.7736m U0,
STD=E: 0.4656m N: 0.7730m U: 1.
RMS=E 0.5311m N: 1.0936m U: 1.7406m 20: 2. 70

E:0.531m 2

RMSE N:1.094m 10
U:1.741 m L

0

0000 0200 0400 0600 0800 10:00 1200 1400 16:00 1800  20:00 2200

mosaic-X5 (FW 4.14.10.1)

10
E-W (m) ORI=35.872989648°N 138.389667427°E 1005.3509m
5 AVE=0.3706m 8TD=0.4197m RM8=0 5549m
(T — | e —— it
-5
-10
N-8 (m) AVE=0.0495m 8TD=0.4202m RM8=04231m

10
U (m) AVE=0.3183m STD=1.0579m RMS=11048m
5
Oww
5
N=86400
10

00:00 0200 0400 0600 0800 1000 1200 14:00 16:00 1800 2000 2200

80
ORI= 35.872989648°N 138.389667427°E 1005.3 #ofValid Satelltes
AVE=E 03706m N 00495m U 03
STD=F 04197m N 04202m U'1 0
RMS=E; 0.5599m N: 0.4231m U 1.1048m 20 14 70

&

30

E:0.560 m @

RMSE N:0.423 m .
U:1.105m =,

0

0000 0200 0400 0600 0800 10:00 1200 1400 16:00 1800  20:00 2200

2025-03-08 0:00:00 -23:59:59 GPST, NMEA GGA Solutions, 1 Hz 63



Pocket SDR Performance (5/5)

Laptop Windows PC

CPU Ryzen Al 9 HX370 (12C/24T),

RAM 32GB, SSD 1TB, Windows 11,
Fan mode: standard

¢ Pocket SDR ver.0.14 o X
Start Stop Tnput ... Output ... signal ... System ... Help ... Ext
Receiver RF CH B8 CH Correlator Satellites Solution Log
System [ ALL | Output NN
n |

Receiver Time (s) 030.065 Time (GPST) 2025-03-11 06:33:22.0 ~

Input Source RF_Frontend  Solution Status FIX

IF Data Fmt/# RF CH RAW32/8 Latitude (°) 35 osl1 @

LO Frequendies (MHz) Longitude (%) 138 7en i
1575.42,1561.00,1602.00,1227.60  Altitude (m) 1002.532 |
1246.00,1176.45,1207.14,1273.00  # Sats Used /All 41/68 = I

sampiing 0,10,1Q10,10,10,10,1Q  Solution Latency (s) 0.500

Sampling Rate (Msps) 16.000 Output

# BB CH Locked/All 284/1275  #PVT Solutions a16

TF Data Rate (MB/s) 630 #O0BS/NAV Data 016/2721

IF Data Buffer Usage (%) 31 IFData Log (MB) 0.0

‘Signal C/NO (dB-Hz)

Desktop Linux PC
CPU Ryzen 9 7945HX (16C/32T),
RAM 32GB, SSD 1TB, ubuntu 24.04 LTS,
CPB (core performance boost) disabled

—N

Pocket SDR ver.0.14 D O @

[ s [ oo ] owu |

Help ...

Mac mini
CPU Apple M2 (8C/8T),
RAM 16GB, SSD 512TB,
macOS Sequoia 15.3.1

| Receiver | RFcH | BBCH | Comelator | satelites | Solutin | Log |
|

System | Output HEN

Receiver Time (s) 362786.643 Time (GPST) 2025-03-11 06:13:35.0
Input Source RF_Frontend ~ Solution Status FIX
IF Data Fmt/# RF CH RAW32/8  Latitude () 35 19391
LO Frequencies (MHz) Longitude (°) 138 7218
1575.42,1561.00,1602.00,1227.60  Altitude (m) 1004.094
1246.00,1176.45,1207.14,1273.00 # Sats Used/All a0/67
sampling 101Q.10.1Q/Q.IQ.101Q  Solution Latency (s) 0.500

‘ Sampling Rate (Msps) 16.000 Output
# BB CH Locked/All 284/1275  # PVT Solutions 362371
IF Data Rate (MB/s) 64.0 #OBS/NAVData 362759/1207652
| IF Data Buffer Usage (%) 0.9 IF Data Log (MB) 0.0

Signal C/NO (dB-Hz)

#Sats: 41/75

55
50

17994 2BE305I4091IIE 906 2PLLBIBAH4F AG6DH 5D P22 EEBBA2I4

5:
#Sats: 40/73
50

GRE)CIS
AS 1
40 | .I
o M (I
l I
30
25
ZDBD BDa4122200D3 14921 52PDD1Q22IGB2ER234

Receiver started. (bus/port=, conf=C:/share/PocketSDR/conf/pocket_L1B16112G2LSESbLE_16MHz.conf) Time: 930.998 s Receiver started. (bus/port=, conf=/share/PocketSDR/conf/pocket_L1B1G1L2G2L5E5bL6_16MHz.conf) Time: 362786.671 s
o x|
™ 529 VE—Vr— = Processes (™ Resources [@ File systems = _ o x
_ ~ cpu
= NTA-IUR BB FHLLYAVEETTS
-
CPU
=
I @ S58% 2.42 GHz C PU AMD Ryzen Al 9 HX 370 w/ Radeon 890...
e) SEY EAE 1 o spsecs 0w 20secs e Tosecs
’ ) [ crPut 29.9% [ cPus 17.1% [ cPut7 28.1% [ cpuas 16.0%
@* 11.8/31.1GB 3 ————— N B crPuz 273% [l cPuto 22.9% [_] cpuis 29.5% [ crPuz6 26.9%
. | [ crPus 29.6% [ crPutt 193% [ crputs 31.2% [ cruz7 21.1%
& T4A7 0 (C: [ cPus 24.4% [_]cPutz 22.7% [ cpuz0 19.8% [ cPuzs 27.1%
$SD (NVMe) 60 % 0 B crPus 242% [ JcPuiz 9.2% [ cpuz1 21.9% [ cPuzs 12.7%
= 1% e 200 G [ cPus 14.6% [ cPut4 25.3% [ cPuzz 12.6% B cpuso 26.5%
=Rs =R . z B crur 21a% [ cPuts 17.6% [ cpu23 25.5% [ Jcpust 18.5%
a 58% 2.42 GHz :2 B crus 175 [ cPute 25.8% [ cPu24 1a.6% [ cpusz 26.1%
ot ALvEE NJRVE mEdjovyvase 24
AL 3
& 213 4259 135820 F=&it: A
11 £ow3sy- QRN KR

Total CPU Utilization 56-60 %
# BB CH Locked/All: 284/1275 (L6D/E: 7CH)

Total CPU Utilization 23-25 %
# BB CH Locked/All: 284/1275 (L6D/E: 8CH)

Pocket SDR ver.0.14

Start Stop Input .. Output ... Signal . System ... Heb ..
Recever ~ RFCH  BBCH  Comelator  Satelites  Soltion  Log

Receiver Time (s) 368557 Time (GPST)  202503-1107:01:39.0

Input Source RF_Frontend  Solution Status FX

IF Data Fmt/# RF CH RAW3/S  Latitude (°) 31 1547

LO Frequencies (MHz) Longitude (°) 138 109
1575.42,1561.00,1602.00,1227.60  Altitude (m) 1002.438
1246.00,117645,1207.14,1273.00  # Sats Used/All 4171

sampling 1QIQIQIQIQIQIQIQ Solution Latency (s) 0500

sampling Rate (Msps) 16000 Output

# BB CH Locked /All 277/1275  # PVT Solutions 322

IF Data Rate (MB/s) 652 #OBS/NAV Data 341/723

IF Data Buffer Usage (%) 107 IF Data Log (MB) 235877

Signal C/NO (dB-Hz)

Exit

5!
#5ats: 41/75
50

GREICIS

45 I
40 alllls il g = |
3 | lill [ ; | f |
o Il |
o ll |
20
00209984 1222094 6934 18 DD99423040DI009 DIV VIS0 22aIFHF4F AGESE 5DDIAC2DIBIEARH4
Receiver started. (bus/port=, conf=/Users/ttaka/PocketSDR/conf/pocket_L1B1G1L2G2L SESbL6_16MHz.con) Time: 368.557 5
© @ ZITIEF1E=S ' = [ > who—

00 It cPU *EY TRLF F4R2  Fwk7—2  » Q
ECLEE %CPU ~ CPURHM ALY E 74 FILRERE % GPU -
£ Python 7710 26:20.71 1,290 24081 0.0 App

WindowServer 2.9 6:28:20.45 19 80 0.0 App.
kernel_task 2.4 6:11:26.57 549 658 0.0 App.
B 7oF1EF eSS 12 2:02:02.73 10 3 0.0 App.
sysmond 0.5 54:06.76 ] 0 0.0 App.
& Finder 03 2:22.47 6 ) 0.0 App
« aAvhba-itry- 0.2 31:42.89 6 3 0.0 App.
VAT 4.47% CRUAR ALYE: 3411
2. 3.05 7oea: 596
71 KRR 2.48%

Total CPU Utilization 98-99 %
# BB CH Locked/All: 277/1275 (L6D/E: 5CH)

Pocket SDR ver.0.14, FE 8CH, conf=pocket_L1B1G1L2G2L5E5bL6_16MHz.conf

64



Applications
of GNSS SDR
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CSK Signal Receiver (1/5)

QZSS L6 Signal Structure, Modulation: BPSK(5) + TDM + CSK

QZs-1 QZS-2, 3,4, 1R, ...
CLAS 1744 bps 2 CLAS 17441 2
Pyl Rs(255,223) | 2200 bPs _1784bps J ps(255,223) | 2000 bPs
LeD L6D LeD
4 ms, 2.5575 Mcps (LEX-S) 5.115 4ms, 2.5575 Mcps L6D 5.115
L61 Code 1 CSK w L62 Code 1 CSK ﬂ
L6 L6
61 Code 2 410 ms, 2.5575 Mcps ? 4 4ams 162 Code 2 |_4MS 2:5575 Mcps sk | 94 ams
LeL L6E
820 ms cyc (LEX-L) 1744 b
0,1,0,1,.. CLK L6E —727 OP° of Rs(255,223) CLK
5.115 MHz MADOCA-PPP 2000 bps 5.115 MHz
Header(49) PRN(8) 2000 bits = 250 symbols=1s 2000 bps
(;'-I;?)S | [ [ Message Body (1695) | Rs(256) |
‘ ‘ | Preamble(32) 8 bits/symbol
¢ l 2.5575 Mcps
1 symbol =4 ms 4 ms 4 ms ,
LeD CSK Ce——>> [ Ce_— "> Ce—7> [ 5
10230 chips — 10230 chips 10230 chips —
symbol 0 symbol 1 symbol 2
(shift: 0-255 chips)

I

LeD
L6L/E

LeD

LeD
L6L/E

(shift: 0-255 chips)
F 0.5 chip=195.5ns

(shift: 0-255 chips)

5.115 Mcps = BPSK(5)

LsDDDDDDDDDDDDDDDDDDDDDDg

[1] 1S-QZSS-L6-003, Quasi-Zenith Satellite System Interface Specification Centimeter Level Augmentation Service, August 20, 2020
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CSK Signal Receiver (2/5)

Commercial Receivers Supporting L6

Trimble : NetR9, Alloy (only track QZS-1 L6, no L6 NAV data)
NovAtel : OEM7 (only track QZS-1 L6, no L6 NAV data)

JAVAD : TR-2S/3S, TRE-3S/L (only track QZS-1 L6 ?)
Septentrio  : AsteRx4, AsteRx-m3 CLAS, mosaic-CLAS (only 1CH)
u-blox : NEO-DIC (no L6 range info, only 2CH), ZED-X20P (?)
Allystar : HD9310 (no L6 range info, L6D or L6E)

MSJ, Mitsubishi, Core, LHTC ...

Limitations

Tracking L6L (LEX-L) and decoding CSK assisted by L6L as pilot CH [
-> only QZS-1, long acquisition time for L6L

Decoding CSK assisted by L1C/A or L2C as pilot CH -> needs dual freq. or wide BW
RF frontend, needs IFB calibration, long acquisition time for L2C

No L6 range info of QZS-2 ~ for PVT
Complicated H/W with many (> 256) correlators to decode CSK

[1] F fit, QZS-LEXS{EH, GPS/GNSSS > /R0 /72010, 20105F11H4 ~ 68, BB FAF P B

67



CSK Signal Receiver (3/5)

Zero-

Interleaving (ZI) [Tol Aol ao] -

L6D/E Code Replica (10230 chips)
A - (]

Y

IF Data (4 ms, N = 48000)

] D(1) | \

o Gty

flo =f12708i\;?4 MHz (%zf\ exp(-j(2n(f t+®)))
Resampling v IF = z -
C(t = D(t) exp(-j(2r(f t+D
(N = 48000) | i) | f,= 12 MHz | (t) p(J& (ft+®)) |
FFT and Conjugate FFT
v v
| FET(C) | @ [ FrT0[ expl2n(ero)) |
Correlation Function IFfT c;’ggr
(N =48000) [ [1
|
! fq, @
| WB FLL (0.55) >
v FLL/PLL NBFLL(0.5s) > PLL
1chip=391ns Correlation Interpolation
H Cf;:;r Carrier Cartjiz?a::ase
Correlation ; g g i g -
ton | P | Discriminator | a0, | LoOP Filter Afy | /Doppler
Function i A AN Af *
I‘ :I': /)() EIE EIE T I | E:E T T T T T T v ATAN ‘
-255 5 -4 -3 12 -1 0 +1 42 +3 +4 +5 +255 Signal = -
(chips) Acquisition T X
. Peak Detector DLL fy o o
tesk: | P
CSK Code Shift {"" \ﬁ
: Cod Updat
(-255~255) | ) E L o Code o
v Virtual EPL __-oop Loop Filter e
L6 NAV Data Correlators E, L | Discriminator | At Aty Offset
Decoder

Correlator Spacing
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CSK Signal Receiver (4/5)

tesk: CSK Code Shift

L6 Signal (-255 ~ 255)
NAV Symbol Buffer Tracking
I< 250 symbols =I
Q [1[1]] CSK Code Shift = L6 NAV Symbol + offset 3@ Shit «——  [[T1T]
! I_'_l I_i_l
¥ ¥
[95[ 86 [131] 92 72 | [-o5 [ 86 [131] 92 72 |
R Compare
a i T A
Y A "~ Frame Sync _ ,.
O—3—» Detector < Y S
[ 26 [207 ] 252 29 [ 193] [ 26 [207] 252 29 [ 193]
Preamble PRN Preamble PRN
- offset N
SNPA
| 2000 bits >
L6 NAV Frame with Errors 3@
[ 0(72) 3@ [ RS (256)
RS (255,223) Decoder —» NAV Frame Error
(#Error > 16)
[ 0(72) T Rs(zse) L6 NAV
v , Data
Header (49) | Message Body (1695) % [ RS (256) f——
L6 NAV Frame (Errors Corrected) (bits)

69



CSK Signal Receiver (5/5)

C/NO (dB-Hz)

pocket_trk.py (ver.0.7)

%, Packet SDR - GNSS SIGNAL TRACKING LOG — a

60
55
50
45
40
35
30
25

60
55
50
45

40
35
30
25

SIG = L6D, PRN = 196, TYPE = C/NO, FILE = S:/PocketSDR/test/log/sdr_20220607_1035.log

QZS-1R L6D (PRN 196) 51969 / 75600
(68.7 %)

NAV Frames

12 14 16 18 20 22 24 26 28 30
Hour (GPST)

SIG = L6D, PRN = 199, TYPE = C/NO, FILE = S:/PocketSDR/test/log/sdr_20220607_1035.log

QZS-3 L6D (PRN 199) 75597 / 75600
(100.0 %)
15 deg

Hour (GPST)

X

80
70
60
50

40
30
20
10

80
70
60
50
40
30
20
10

Elevation (deg)

Hour (GPST)

2022-06-07 10:40:00 ~ 2022-06-08 07:39:59 UTC (21 hours)

~ u-blox NEO-DIC
. QZS-1R L6D (PRN 196) 50968 / 75600 20
(67.4 %)
55 70
50 60
45 WN 50
40 gl 40 |
35 ﬂ.aﬁl A lM’ 30
30 15 deg | 20
25 10
2 14 16 18 z‘nHm" ‘Gpsz;z} 2 % Py 30
0 = L, P 199, TYPE = U, PLE = e 0230807 304 g
€0 QZS-3 L6D (PRN 199) 75599 / 75600 30
(100.0 %)
55 70
50 60
45 50
40 WM 40
35 30
30 15 deg | 20
25 10
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Snapshot Positioning (1/2)

* Snapshot Positioning

Record only IF data for < 100 ms

PVT by post-processing

NAV data provided by external sources

Very low power consumption by duty-cycling
Fit to cloud-based processing

* pocket_snap for snapshot positioning

pocket_snap.py (ver. 0.7), pocket_snap (ver. 0.9)
L1 band (1575.42 MHz)

GPS L1C/A, Galileo E1C, QZSS L1CP, BDS B1CP

4 or 6 Msps x I/Q x 2bits x 8 ~ 20 ms DIF

Input RINEX NAV for Ephemerides

Snapshot Receiver Example

V CPU: STM32L4 (16MHz) Power Budget

MAX2769B : 20 mA x 25 ms

MAX — CPU |+ sb STM3214  :0.5mA x105 ms

27638 32GB TCXO :1.5mA x 25 ms

j;- CR3032 SD-Card : 30mA x 80ms
(3V, 500mAH) Subtotal  : 0.0083 mAH / snapshot

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)

NAV
data

Snapshot Positioning Flow

Coarse Coarse
Position Time
(<60 km) (<1 min)

A 4

Search Visible
Satellites

Visible

Sat List | IF data
A 4

(No Coarse
Posiltion)

Parallel Code

Parallel Code

Search with Search with
Visible Satellites All Satellites
Doppler
Freq.
Positioning by
Doppler Freq.
Code Coarse
Offsets . Position

Resolve milli-seconds Ambiguity

Code Phases

A 4

PVT by Code Phases

Time, Fine Position 71




b
*
4 Msps x 8 ms, GPS ( £
e s
. .
LI .3. *
. - & Hom
- * * -
o3 oo ‘.0 . v
. * taget
* e LR .
% ..=.d: * 33 .. .:;Q.. ...
- ) z .:::..:050 .. * o
‘%t :.o 8003 .;° . W.O .’.o s
60 , EE U3t et et {"{ ¢ 40 60
* . ;‘ 2%, *e "% o .
2 . % 0, e ot LA b *
e ...0‘ 0.00
. S . e
. A &
. A * ;ZU. L
.
. * 10 16 kB / snapshot
+* ¥ * o ~
H#SAT =68

an *
10m

RMSE E: 29.34 m, N:22.99 m, U:35.71m  +*™

6 Msps x 20 ms, GPS+GAL+QZS

-60 -40 -20 20 40 60

60 kB / snapshot
#SAT =12~ 15

10m

—4n

RMSE E: 4.75m, N: 5.86 m, U: 13.98 m
Horizontal Scatter Plots of 300 Snapshots, Post-processed by pocket_snap.py

Snapshot Positioning (2/2)

6 Msps x 8 ms, GPS+GAL

-6 -40 40 G0
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

60 kB / snapshot
#SAT =20~ 23

nm

A

RMSE E: 3.54 m, N: 5.73 rr_1, U:9.48 m
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QZS-6 First Light (1/4)

https://www.satnavi.jaxa.jp/ja/news

X+00:00:09

2025-0-02 8:30 UTC, H3-5 Launch

L2

,5'5%

a0

o

/2024/11/29/10344/ https://www.youtube.com/watch?v=uZkj9FkYMyQ 2025-03-05 00:00 USTC, Yamanashi, Japan
. . RINEX Signal and PRN Number
Satellite Launch Block Orbit SVNo SVID
SatID L1C/A L1C L1C/B L1S L1Sb L2C L5 L5S L5SV L6D L6E
QZs-1 2010/9/11 -Q Qz0o 1 1 Jo1 193 193 - 183 - 193 193 - - 193 (203)
QZzs-2 2017/6/1 - Qzo 2 2 JO2 194 194 - 184 - 194 194 184 - 194 204
Qzs-3 2017/8/19 -G GEO 3 7 JO7 199 199 - 189 137 199 199 189 - 199 209
Qzs-4 2017/10/9 - Qz0 4 3 JO3 195 195 - 185 - 195 195 185 - 195 205
QZS-1R 2021/10/26 1IA-Q QZO 5 4 Jo4 196 196 (203) 186 - 196 196 (186) 186 196 206
QZSs-5 JFY2025 - Qzo 6 5 JO5 (197) 197 204 - - - 197 - - 197 207
| QZs-6 2025/2/2 -G GEO 7 8 JO8 (200) 200 205 - 129 - 200 - 205 200 210 |
Qzs-7 JFY2025 -G QGEO 8 9 JO9 (201) 201 206 - - - 201 - 206 201 211
Non-Standard - - - - - JO6 (198) (198) (198) - - - (198) - - (198) (208)
| Non-Standard - - - - - J10 202 202 202 - - - 202 - - 202 212 |
RINEX: RINEX 4.01, L5S: Normal mode, L5SV: Verification mode, (): Assigned but not used 73


https://www.youtube.com/watch?v=uZkj9FkYMyQ
https://www.satnavi.jaxa.jp/ja/news/2024/11/29/10344/
https://www.satnavi.jaxa.jp/ja/news/2024/11/29/10344/

QZS-6 First Light (2/4)

Harxon
HX-CSX601A
+40dB
RG58A/U
(12m) .
-9dB Splitter 2P
(Amplified)
+15dB
-7dB SpIitter 4p Splitter 4P
O O O
DC5V
4 Splltter Zﬁ
mosaic-
X5 Pocket SDR Pocket SDR
414101 FE 8CH-2ANT FE 8CH-2ANT
Linux PC Mac mini
pocket_sdr.py pocket_sdr.py
Ryzen 9 7945HX (16C/32T), Apple M2 (8C/8T), Pocket SDR FE 8CH-2ANT Configuration:
RAM 32GB, SSD 1TB, RAM 16GB, SSD 256GB, F_S=16.000 (MHz), F_LO = 1575.42,1561,1602,1227.6,1246,1176.45,1207.14,1273 (MHz)
Ubuntu 24.04 LTS macOS 15.3.1 1Q=2,2,2,2,2,2,2,2, BW_FILT = 16.4,16.4,8.7,16.4,8.7,16.4,16.4,16.4 (MHz)

74



75

1]
!

7. SIG:ALL, OPT: MIN_CNO=32

3
=

- RECEIVER LOG: ../work/ubuntu15/test_2025022402.log ...
RECEIVER LOG (2025/02/24 02:00:00-14:00:00 GPST, SAT:) 529 S

EEbmer SRR

[ %, Pocket SDR

QZS-6 First Light (3/4)

<O AN R ORI (0N S R R O <L O NS [/ O Ll LT () L LN TR O I L e <L 0 O (R ) <L

L L L T T T Ty L L L L P N TS Tty T L M [ L, T [0 el =L O L L TR PPy (Ta =] WIS T T L 1 (T
_I..I_.In __Z_L_ = ___I..I..In __3,__.__4 Ty ety =y 1= __.I..I..Iﬂ __q.f_T_.. = __1_511111n_U. I
g 0 0 T
S =T __MM P Tm—lome __MM _7_ ? T R =l ._WWU_D_ 7 __D__D__ ___m_lDDH
[ ] =Tl Ilon] L =l=1] bt T O r~r— oo f=l=y] o D=
DDDlp._U/h |.ID|..|UDD|ﬂI;_ = ool |..|.|_UDD|W e S =TT = [ M o
22= o 2 =E22= 2 2 =g === o = pERE=TC A

14:00

12:00

10:00

08:00

06:00

04:00

02:00

23 /-L1ILA

QZS-6



QZS-6 First Light (4/4)

Recorded Raw IF Data (2025-02-24 08:06 - 08:19 GPST, 51.6GB)

# Pocket SDR ver.0.14
Start

Receiver

Receiver Time (s)

Input Source

TF Data Fmt/# RF CH

LO Frequencies (MHz)
1575.42,1561.00,1602.00,1227.60  Altitude (m)
1246.00,1176.45,1207.14,1273.00  # Sats Used/All

Sampling

Sampling Rate (Msps)

# BB CH Locked/All

IF Data Rate (MB/s)

TF Data Buffer Usage (%)

Input ... Output ... Signal ...

BB CH Correlator Satellites

336.031  Time (GPST)
IF_Dsta  Solution Status
RAV/32/8  Latitude (°)

Signal C/NO (dB-Hz)

System ...

Solution

2025-02-24 08:06:03.0

FIX

35.87302063

Longitude (%) 138.38966203

1003.886

45/67

10,10,10,19,1Q,10,1Q1Q  Solution Latency (s) 0.108
16.000 Output

265/1275  # PVT Solutions 307

64.1 # OBS/NAV Data 221/759

1.2 IF Data Log (MB) 0.0

System

JO8

= [m] x
Help ... Exit

Log

Output

%

110

Receiver started. (path=C:/data/20250224/test_2025022408.bin, toff=0.0, tscale=1.0)

55
= Signals: L1CA, L1CB, L1CD, L1CP, L1S, L2CM, L(Idi.g 155Q, L*N@m |
45
Standard)
40 i
35 8
20 g
25 8
20
103 04 07 108 1o
Receiver started. (path=C:/data/20250224/test_2025022408.bin, toff=0.0, tscale=1.0) Time: 336.039 &
BB CH SAT:J10 SIG: L1CB PRN: 202 LOCK: 277.38 s 1Q/Span(s)/Range [Avelq ~|[ 1 ~
0 VI (12+Q2) 110 L1CB 0 P-qP
X T T T T 1 T ——
Integ = 0.025 0.081 i
0.08F 4 0.06f
0.04
0.06 4 ooz
0
0.04 4 oo
0.04
0.02f -0.06
COFF (ms) -0.08 1
0 . . . . . . 01
05145 0515 05155 0516 05165 0.517 4 10.08.06.00.020 0.02.00.0.0m.1
01 Time (5) w»/opP
3 T T T T T
o.081 5151235 ms jgP: [tho.g vz ‘n 2 e s HAY P =Pl 4
0.06H g
0.04H g
ooz
Ii|
0. EIZ ' l
0.04 i l
.08 i
0.06 “ i
b ! ‘ .
3723 3724 725 3726 3727 372.8 372.9 373

Time: 373.080 s

—
# Pocket SDR ver.0.14

- [m] x
Start Stop nput ... Output ... Signal ... System ... Help ... Bt
Receiver RF CH BB CH Correlator Satellites Solution Log
System | QZS5 -~ | State | LOCK | ? BUFF: 2% SRCH: 480  LOCK: 265/1275
CH RF SAT SIG PRN LOCK(s) C/NO (dB-Hz)  COFF(ms) DOP(Hz) ADR(cyc) SYNC #MAV #ERF #LOI FEC
84 1 202 LICA 194 313.96 46.2 I 0.7401219 135.5 45494.2  -BF- 51 a 0 a
85 1 103 LICA 195 313.90 46.5 1 0.5269773 -794.2 -252170.9 -BFR 51 0 0 0
8 1 04 LICA 196 313.77 371 0.8823915 -163.7 -49047.8  -BF- 51 a 0 a
89 1 107 LICA 199 313.35 37.3 0.8203680 -356.4 -111640.8 -BF- 51 0 0 0
308 1 J10 LICB 202 251.05 37.5 0.5092530 -351.2 -88231.6 -B-— 0 21 0 0
T T 0 LICD 9 T T FTHUTZE 15T UYL LB T. T T
499 1 103 L1CD 195 232.35 45.6 [l 9.5269752 -793.8 -186102.3 -BFR 12 1 0 0
683 1 102 LICP 194 20945 48.6 I 4.7401239 135.2 20670.6  S5— a a 0 a
684 1 103 L1CP 195 200.43 50.4 [[||[[[I]]|| 9.5269764  -793.6  -167603.8 S— 00 0 0
685 1 104 LICP 196 209.28 38.0 3.8823946 -162.7 -33192.7 55— a a 0 a
688 1 107 LICP 199 209.18 37.5 4.8203675 -356.5 -74561.1  S— 0 0 0 0
691 1 310  L1CP 202 209.09 37.4 7.5092489 -351.5 -73498.3 5 0 0 0 0
828 1 102 L1S 184 187.40 47.9 TTHIT 0.7401061 135.5 26417.1 -BFR 184 [1] 0 [1]
829 1 103 L1Ss 185 187.35 489 1 0.5269697 -793.9 -149815.2  -BF- 184 0 0 0
830 1 104 Lis 186 187.30 36.8 0.8823869 -163.4 -20799.8 -BFR 184 a 0 a
833 1 107 L1s 189 186.79 42.5 11 0.8203477 -356.5 -66585.4 -BF- 184 0 0 0
970 4 102 L2CM 194 163.50 46.3 I 4.7401253 105.5 17863.9 -BFR 13 a 0 a
971 4 103 L2CM 195 163.36 49.0 [ 9.5269651 -618.6 -101699.7 -BF- 12 1 0 0
972 4 04 L20M 196 163.28 41.4 Il 3.8824213 -126.9 -20309.8 -BFR 13 0 0 0
975 4 107 L2M 199 163.24 43.1 I 4.8203654 -277.7 -45348.2 -BF- 12 3 0 0
1061 & 102 Ls1 194 149.17 43.7 [l 0.7401341 101.0 15568.8 SBFR 24 0 0 0
1062 6 1103 Ls1 195 149.10 385 | 0.5269897 -593.3 -88916.1 SBF- 24 0 0 0
1063 6 104 Ls1 196 149.01 38.6 | 0.8824407 -121.4 -17799.1 SBFR 24 0 0 0
1069 6 J10 LI 202 147.90 35.9 0.5092895 -262.6 -38832.1 SBF- 23 a 0 a
TI7O— 302t 1% Ttrer—ssTe ittt OTHOT 10070 13008 5= T
1171 6 103 L5Q 195 130.85 39.2 Il 0.5269893 -593.9 -77968.8 5— a a 0 a
1175 6 107 L5Q 199 130.24 36.3 0.8203881 -265.3 -34655.4 S— 0 0 0 0
1178 & 110 LsQ 202 129.80 383 | 0.5092830 -262.8 -34081.5 S5— 0 0 0 0
T2 LS50 TEOAT T H z +01 T2AFTOBf i
1243 6 103 L581 185 119.37 40.9 11 0.5269786 -592.6 -71101.3  -BFR 116 0 0 0
1244 & 104 L5351 186 119.27 355 0.8824326 -122.8 -14314.7 - 88 a a

Receiver started. (path=C:/data/20250224/test_2025022408.bin, toff=0.0, tscale=1.0)

Time: 346.713 s

10[308 $NAV|$LOG

Pause

Clear

$L0G,351.548,188, 550V, 205, SBAS FRAME ERROR
$L0G,355.536,710,L1CE,202,GPS/QZS LNAV PARITY ERROR
$NAV, 355.536,710,L51,202,8, 300,

$L0G,355.548,08,L55QV, 205, SBAS FRAME ERROR
$L0G, 356.548,108,L55QV, 205, SBAS FRAME ERROR
$L0G,357.548,108,L55QV, 285, SBAS FRAME ERRCR
$L0G, 358,548,108, L55QV, 285, SBAS FRAME ERRCR
$L06,359.548,188, L55QV, 205, SBAS FRAME ERROR
$L0G, 360,540,308, L55QV, 205, SBAS FRAME ERROR
SHAV,361.536,110, 151,202, 0, 306, 362804037

2388210

$L0G, 364,540,308, L55QV, 205, SBAS FRAME ERROR
$L0G,365.540,68, L55QV, 205, SBAS FRAME ERROR
$L0G, 365.540,08, L55QV, 205, SBAS FRAME ERROR
$L0G,367.536,718,L1C8,282,GPS/QZS LNAV PARITY ERROR
$NAV,367.536,71@,L51,2082,8, 300, 862504837

36FeB0

$L0G,367.548,08,L55QV, 205, SBAS FRAME ERROR
$L0G, 368.548,108,L55QV, 205, SBAS FRAME ERROR
$L0G,369.548,108,L55QV, 205, SBAS FRAME ERROR
$L0G,370.548,08,L55QV, 205, SBAS FRAME ERROR
$L0G,371.548,108,L55QV, 285, SBAS FRAME ERRCR
$L06,372.548,108, L55QV, 285, SBAS FRAME ERRCR

SHAV,373.536,110,151,202,8, 306,
$L0G,373.540,308,L55QV, 205, SBAS FRAME ERROR
$L0G,374.540,308, L55QV, 205, SBAS FRAME ERROR
$L06,375.540,308, L55QV, 205, SBAS FRAME ERROR
$L0G,376.540,68, L55QV, 205, SBAS FRAME ERROR
$L0G,377.540,368, L55QV, 205, SBAS FRAME ERROR
$L0G,378.54@,1088,155QV,2@5, SBAS FRAME ERROR
$L0G,379.536,718,L1C8,282,GPS/QZS LNAV PARITY ERROR

BFBCER

S$NaV,379.536,71@,151,202,9,300,
$L0G,379.548,08,L55QV, 205, SBAS FRAME ERROR
$L0G, 380.548,108,L55QV, 205, SBAS FRAME ERROR
$L0G, 381.548,08,L55QV, 205, SBAS FRAME ERROR
$L0G, 382,548,108, L55QV, 205, SBAS FRAME ERRCR
$L0G, 383,548,108, L55QV, 205, SBAS FRAME ERRCR

Receiver started. (path=C:/data/20250224/test_2025022408.bin, toff=0.0, tscale=1.0)

Time: 384.860 s

B27E7@

J10

PRN202

L1CB

L1CP

L5I
L5Q
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Antenna Array (1/6)

* CRPA (Controlled Reception Pattern Antenna)
— Beam Forming for Multipath Mitigation, Anti-Spoofing, Week Signal Tracking, ...
— Null Steering for Anti-Jamming, Interference Mitigation, ...
— PI, MVDR (Capon), STAP, Adaptive Filtering Algorithms (SMI, LMS, RLS), ...

* DOA Estimation of RF Signals
— Radar, Sonar, RF Communication, Radio Astronomy, ...
— Bartlett Algorithm, MUSIC, ESPRIT, ML, CS, DL, ...

e Attitude Determination
— GNSS 3D-Compass

Beam Forming/Null Steering with Antenna Array

Ant1 Y * R
Ant2 Y %2 03 i

S 7y whs = Z(Wi* * Si)
Ant3 Y__5 R / .

ﬂu
Y s s, = exp(j(2n(ft + )
Antn o w, = a, exp(j2nad;)
w, W5 (W, [wy w;" * s, = a, exp(j(2n(ft + &, - Ad))) 51
$=(Sy, Sy .0 Sp) Complex Weights | w=(w,, w,, ..., w,) Ant1l Y

DOA: direction of arrival, Pl: Power inversion, MVDR: Minimum variance distortionless response, STAP: Space-time adaptive processing,
SMI: Sample matrix inversion, LMS: Least mean squares, RLS: Recursive least squares, MUSIC: Multiple signal classification, ESPRIT:
Estimation of signal parameters via rotational invariance techniques, ML: Maximum likelihood, CS: Compressive sensing, DL: Deep leaning 77



Antenna Array (2/6)
Beam Forming/Null Steering Simulation %mm
@ A D

o0l




Antenna Array (3/6)

Splitter
2P

4Px2 Divider

Pocket SDR
FE 8CH

Windows
Laptop PC

# Pocket SDR ver.0.14 - u] X # Pocket SDR ver.0.14 - u} X
Start Stop Input ... Output ... Signal ... System ... Help ... Exit Start Stop Input ... Qutput ... Signal ... System ... Help ... Exit
Receiver RF CH BB CH Correlator Satellites Solution Log Receiver RF CH BB CH Correlator Satellites Solution Log
System output NN ?  F_S:16.000000 MHz Fiter BV (MHz)
Power Spectral Density (dB/Hz) Histogram I
Receiver Time (s) 130.841 Time (GPST) 2025-03-11 05:34:56.0 45 o T T T 1 T T T 03— 7T T T T
w e
Input Source RF_Frontend  Solution Status FIX LchgHg 0251 l;\ts gs; 4
TF Data Fmt/# RF CH RAW/32/8  Latitude (°) 35.87300175
LO Frequencies (MHz) Longitude (°) 138.38964819 50 h 0.2 7
1571.40,1571.40,1571.40,1571.40  Altitude (m) 1007.501 sk |
1571.40,1571.40,1571.40,1571.40  # Sats Used/All 17/21
Sampling LLLLLLLI Solution Latency (s) 0.500 0.1f 1
Sampling Rate (Msps) 16.000 Output s |
# BB CH Locked/All 164/624  # PVT Solutions 110 : I I
TF Data Rate (MB/s) 652 # OBS/NAV Data 110/404 I —
IF Data Buffer Usage (%) 5.8 IF Data Log (MB) 0.0 Quantized Value
Histogram Q
- Signal C/NO (dB-Hz) 03— e T
#Sats: 17/21 - b- I- GREICIS 025} i
sof F_S=16 MHz, 3bits I-sampling 1
ast 0.2 7
a0t 0.15F g
351 7 -75f 4 01 .
20t g / S,
0.05F g
25| 1 1571.400000 M 1(3 bits)
a1 I . . . . . . T T S S N
20 1572 1573 1574 1575 1576 1577 1578 1579 % 6 4 -2 0 2 4 6 8
o1 02 03 07 08 14 17 2 22 27 30 02 14 15 25 30 34 36 02 03 07 Frequency (MHz) Quantzed Value
Receiver started. (busfport=, conf=C:/share/PocketSDR/conf/pocket_L1_8CH_16MHz.conf) Time: 130.841 5 Receiver started. (bus/port=, conf=C:/share/PocketSDR/confjpocket_L1_BCH_18MHz.conf) Time: 8.141 5
Start Stop Tnput ... Output ... Signal ... System ... Help ... Exit
Receiver RF CH 88 CH Correlator Satellites Solution Log @ qzss 1-10 Buca Juce Dueco Ouce
System | ALL | stte [ Lock | 2 BUFF: 1% SRCH: 555  LOCK: 142/ 624 0
rus Oreem Ot Ois
CH RF SAT SIG PRH LOCK(s) C/ND (dB-Hz)  COFF(ms) DOP(Hz) ADR(cyc) SYNC #NAV #ERR #LOI FEC Q
11 G0l LiCA 1 68.16 48.5 1l 04463986  -529.2 -33569.3 -BFR 1m0 0 0 [:] L551 [:] LSSV [:] L350 [:] L35QV
22 G601 LICA 1 :.32 484 [[| 04463999 5289  17730.2 -BF- 5 0 0 0
323 G601 LICA 1 :4.32 485 |[| 04464086 5288  17731.0 BFR 5 0 0 0
44 601 LiCA 1 4.24 485 |[l 04463000 5280  -17683.6 BFR 5 0 0 0 U LeD U LeE
55 G0l LICA 1 34.22 483 Il 04464110 5287 -17683.3 -BRR 5 0 0 0
6 6 Gl LICA 1 34.17 484 [Il 04464084  -529.1  -17659.4 -BFR 5 0 0 0 ] .
7 7 G01 L1CA 1 34.12 48.3 I 04463971 -529.1 17632.5 -BF- 5 0 0 0 D BeiDou 1-63 B1l B1CD B1CP B2AD
8 8 G0l LiCA 1 M.12 464 | 04464080 5287  17633.2 BFR 5 0 0 0
91 G2 LicA 2 68.10 46.3 | 0.2420326 -1992.6  -133705.2 BFR 0 0 0 A k]
10 2 602 LiCA 2 .04 463 | 0.2420325 19926 67539.9 BFR 5 0 0 0 B2AP B2l B2BI B3I
11 3 G2 LicA 2 33.99 46.1 | 0.2429321 -1992.6  -67439.7 -BFR 5 0 0 0
12 4 G2 LiCA 2 33.96 46.2 | 0.2429415 -1992.5  -67366.7 -BFR 5 0 0 0
13 5 G02 LicA 2 33.84 45.9 | 0.2429574  -1992.5 67339.4  -BF- 5 0 0 0 D NavIC 1-14 115D I15p 155 155
14 6 G2 LiCA 2 33.86 46.0 | 0.2420580 19925 671814 BFR 5 0 0 0
15 7 602 LiCA 2 33.80 46.1 | 0.2420470 19924 670521 BFR 5 0 0 0
16 8 G02 LiCA 2 3371 444 0.2420345 -1992.9 668834 -BF- 5 0 0 0 -
17 1 G032 LiICA 3 58.03 43.2 0.0025521  2879.4 1973004 -BF- 1 0 o o0 [ sBas 120-158 L1CA L5I L5Q
18 2 G03 LiCA 3 33.62 43.3 0.0025218  2879.7 07008.8  BF- 5 0 0 0
19 3 G03 LiCA 3 33.57 434 | 0.0025250  2878.9 26048.7 BFR 5 0 0 0
20 4 603 LiCA 3 3352 434 | 0.0024938 28796 96815.2 BFR 5 0 0 0 ) )
215 G03 LicA 3 3344 430 0.0025368  2879.0 96559.3 -BF- 5 0 0 0 RF CH Assignments (<sig=:<ch=[-<ch=][,...][ ...]}
22 6 G03 LICA 3 3340 43.0 0.0025357  2879.1 96463.1 -BFR 5 0 0 0
23 7 G03 LICA 3 33.37 43.2 0.0024996  2679.6 96364.3 -BF- 5 0 0 0 . . .
24 8 G03 LiCA 3 33.30 413 0.0025365  2879.1 96176.5 -BF- 5 0 0 0 L1CA:1-8 E1B:1-8 SRCH:1
49 1 607 LICA 7 67.47 383 0.1205388 -2060.4  -108025.5 -BFR 0 0 0 0
50 2 GO7 LiCA 7 32.65 38.2 0.1205099 20604  -96458.8 BFR 5 0 0 0
51 3 G07 LiCA 7 32.62 383 0.1205158 -2058.0  -96373.0 -BF- 5 0 0 0 . . .
52 4 G07 LICA 7 3260 38.2 01204893 -2958.7 963048 -BFR 5 0 0 0 S|gna| RF CH ASS|gnment 0pt|ons
53 5 G07 LiCA 7 32.55 38.1 0.1205136 -2050.8  -06166.5 -BF- 5 0 0 0
54 6 GO7 LiCA 7 3249 38.2 0.1205142 -2060.1  05975.5 -BFR 5 0 0 0
55 7 G07 LiCA 7 3240 382 0.1205048 -2050.6 950742 BFR 5 0 0 0 oK Cancel

Receiver started. (busfport=, conf=C:/share/PocketSDR/conffpocket_L1_8CH_16MHz.conf)

Time: 68.254 s
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Antenna Array (4/6)

Inter-Channel Phase-Bias between RF CHs (SAT=G16, SIG=L1CA)

% Packet SDR - RECEIVER LOG: test_2025030923.log ... - O

RECEIVER LOG (2025/03/09 23:00:01-01:59:59 GPST, SAT:G16, OPT: RFCH_DIFF=1,2,3,4,5,6,7,8)
0.8

G16-L1CA (RFCH 2-1)
G16-L1CA (RFCH 2-1)

FE Reset « GI16-L1CA (RFCH 4-1)
06| « G16-L1CA (RFCH 5-1)
G16-L1CA (RFCH 6-1)

P’ WA agnay * G16-L1CA (RFCH 7-1)

0.4+ ! + G16-L1CA (RFCH 8-1)
ST e i T T
02r 1 —
] | ' ;
4
5 oo |
5 M-—w e
’ B e e R e o
02t ‘ |
L e T A ity
—MW y Ittty
RN o i e e g Vet |
A
. ] it
FE RF Input RF Input RF Input RF Input
Power ON OFF ON OFF ON

I I i i
23:30 00:00 00:30 01:00 01:30

-0.8"




Antenna Array (5/6)

7-elements
Antenna Array

YVY
<YIYIYIY>

aononnn nu

Pocket SDR
FE 8CH

Windows
Laptop PC




Antenna Array (6/6)

4 Pocket SDR - RECEIVER LOG: test_202503100422.log = [m] X
08 RECEIVER LOG (2025/03/10 04:23:25-04:32:33 GPST, SAT:G30. OPFT: RFCH_DIFF=1,2,3,4,5,6,7)
: G30-L1CA (RFCH 2-1)
G30 G30-L1CA (RFCH 3-1)
G30-L1CA (RFCH 4-1)
06 - G30-L1CA (RFCH 5-1)
G30-L1CA (RFCH 6-1)
G30-L1CA (RFCH 7-1)
04
s,
e A,
02t L ' e
3 et o . e
E . ™)
= [ RN ~
g M, :-'M“.'f\.,:%-‘ Aot
< N AT R gt R
et i
02
—04
06}
Rotate Ant-Array (90 deg x 4
_os . \ \ . . . \ \
04:24 04:25 04:26 04:27 04-28 04-29 04:30 04:31
.1 Pocket SDR - RECEIVER LOG: test_202503100422.log -
08 RECEIVER LOG (2025/03/10 04:23:25-04:32:33 GPST, SAT:G07. OPT: RFCH_DIFF=1,2,3,4.5
i GO7-L1CA
G07 GO7-L1Ce
GO7-L1Ce
06 - GO7-L1CA
GO7-L1C2
i [ T 7t 1 il e GD7-L1Ce
Moottty g, A 4l
04 - N i ‘ J
o, g e SN S, e [rhwrd
oo g™ t
-
7l Wﬁ
02 L o
~ -y | s
o ecesf o
3 Bt i e g ST b |
S
T 0.0 P e ﬂ«.-kh e *MWWN“
& L [
<
- g FrpaneeT T,
021 R S e L
P %V*'ff'mv e | | 1 . st
bt T g T it i s gy
N 1l
_0al i “ev_peiriPrlmnnmiane]
R e AR
06}
_os . \ \ . . . \ \ .
04:24 04:25 04:26 04:27 04-28 04-29 04:30 04:31 04:32

1 (cycle)

ADR (cycle)

0.0

0.0

Pocket SDR - RECEIVER LOG: test_202503100422.log = (m) x
08 RECEIVER LOG (2025/03/10 04:23:25-04:32:33 GPST, SAT:G10, OPT: RFCH_DIFF=1,2,3,4,5,6,7)
V + G10-L1CA (RFCH 2-1)
G 10 +  G10-L1CA (RFCH 3-1)
+ G10-L1CA (RFCH 4-1)
0er - G10-L1CA (RFCH 5-1)
G10-L1CA (RFCH 6-1)
It 0t i igaipu A IR S, N G10-L1CA (RFCH 7-1)
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