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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 Fusic 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,

B FE2CH Updated. 2 months ago !

BeiDou, NavIC, and SBAS.

# tomojitakasu Fixed #39 19826b5 - lest month  {3) 898 Commits

M FEACH 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)
I FESBCH 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

m 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
i e peed fmonth Pocket SDR also includes utility programs to configure the Pocket SDR FE devices, capture, and dump digitized IF
M 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
W doc Updated 2 months ago time) solutions. These utilities and APs are compatible with Windows, Linux, Raspberry Pi OS, macOS, and other
m diver 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. ast month
* GPS: L1C/A, L1C-D, L1C-P, L2C-M, L5-1, L5-Q
Fixed #39 fast m
I python e 439, fmonth « GLONASS: L1C/A (L1OF), L2C/A (L20F), L10Cd, L10Cp, L20Cp, L30Cd, L30Cp
W sample http -> hitps 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|
B test R 2 months ago o NaviC: L1-SPS-D, L1-SPS-P, L5-SPS
® SBAS: L1C/A, L5-1,L5-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. P k S D R F E ZCH 4c H
2021-12-01 (v0.3): Added and modified Python scripts, oc et Vi

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 packet_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.

H0S 14004

iy

E
2
-
.

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/tomoijitakasu/PocketSDR



https://github.com/tomojitakasu/PocketSDR

Open Source GNSS SDR

Software
URL

GitHub Stars/Forks
Current Release
License

RF Frontends
Programming Language
0S

Real-time
GPS
GLONASS
Galileo
QZzss
BeiDou
NavIC
SBAS

GNSS
Signals

PVT

Output Format

GNSS-SDR

https://gnss-sdr.org
https://github.com/gnss-sdr
Y 2k / 668
v0.0.20 (April 2025)
GPL-3.0
USRP, UmTRX, HackRF One,
Blade RF, RTL-SDR
C++, C

Linux, macQOS

Yes
L1C/A, L2C, L5
L1C/A, L2C/A
E1B/C, E5a, E5b, E6B
B1l, B3I

Single, PPP
KML, GeoJSON, GPX, RINEX,
NMEA, RTCM3, Custom

GNSS-SDRLIB

https://github.com/taroz/
GNSS-SDRLIB
Y¢ 517 /182
v2.0 Beta (Dec 2014)

GPL-2 or later

SiGe GN3S sampler v2/v3,

Stereo, Blade RF, RTL-SDR

C, C++/CLI

Windows, Linux

Yes
L1C/A
L1C/A
E1B
L1C/A, L1SAIF, LEX
B1l

L1C/A

RTCM3, RINEX

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

PocketSDR
Y¢ 421 /139
ver. 0.14 (March 2025)
BSD 2-clause

Pocket SDR FE 2/4/8CH

Python 3, C++, C
Windows, Linux, macOS,
Raspberry Pi OS
Yes
L1C/A, L1C, L2C, L5

L1C/A, L2C/A, L10C, L20C, L30C

E1B/C, E5a, ES5b, E6B/C
L1C/A, L1C/B, L1C, L1S, L2C, ...
B1l, B1C, B2I, B2a, B2b, B3I
L1-SPS, L5-SPS, S-SPS
L1C/A, L5
Single
NMEA, RTCM3, CSV Log,
Raw binary

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

FFTW3, LIBFEC, LDPC-codes,

FFTW3, LIBFEC, RTKLIB, libusb RTKLIB, CyAPI or libusb-1.0

External Libraries



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

Supported GNSS Signals

System

@ cps

B GLONASS

@ Galieo

@ qQzss

8 BeiDou

8 naviC

@ sBAs

Signal Options
Satelite No GNSS Signals
1323537 @uca Buc Buc Lo
8,51 @0
7-6/1-27 @ cica @ cioco @ cioce @ G2cA
@ c2oce @ c30c0 @ G30CP
1-36 @cis @eic @ces5a @Es5AQ
@cs81 @ceseQ @ese @ EsSC
1-10 @uLica Buc @uco @uce
Bus B @t @LsQ
@is5s1 @ussiv @isso @ Lssqv
@0 @ Lee
1-63 @e11 @sico @sice @ B2AD
@s62ap @821 @821 @ B3I
1-14 @uso @nse @ns  (iss
120-158 Buca @1s1 B@15Q

System

GPS

GLONASS

Galileo

Qzss

Signal
L1C/A
L1C-D
L1C-P
L2C-M
L5-1
L5-Q
L1C/A
L10Cd
L10Cp
L2C/A
L20Cp
L30Cd
L30Cp
E1-B
E1-C
ESa-l
E5a-Q
ES5b-I
E5b-Q
E6-B
E6-C
L1C/A
L1C/B
L1C-D
L1C-P

Signal ID
L1CA
L1CD
L1CP
L2CM

L5I
L5Q
G1CA

G10CD
G10CP
G2CA
G20CP
G30CD
G30CP
E1B
E1C
E5AI
ESAQ
ESBI
ESBQ
E6B
E6C
L1CA
L1CB
L1CD
L1CP

Signal
L1S
L2C-M
L5-1
L5Q

System

QZss L5S-1

L55-Q

LeD
L6E
B1l
B1C-D
B1C-P
B2a-D
B2a-P
B2l
B2b-|
B3I
L1-SPS-D
L1-SPS-P
L5-SPS
S-SPS
L1C/A
SBAS L5-1
L5-Q

BeiDou

NavIC

Signal ID
L1S
L2CM
L51
L5Q
L5SI
L5SIV
L55Q
L5sQv
L6D
L6E
B1l
B1CD
B1CP
B2AD
B2AP
B2l
B2BI
B3l
11SD
I1SP
I5S
ISS
L1CA
L51
L5Q

PocketSDR-AFS: LANS (Lunar Augmented Navigation Service) AFS (Augmented Forward Signal) *1*2

*1 https://github.com/osqzss/PocketSDR-AFS

*2 R.Sobukawa and T.Ebinuma, Open-Source Real-Time SDR Platform for Rapid Prototyping of LANS AFS Receiver, Aerospace, 2025 >



Pocket SDR FE
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Pocket SDR FE 8CH
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All L-band GNSS receiver GNSS-compass 4-elements 8-elements
(L1+B1+G1+L2+G2+L5+ (qual-freq.) Antenna-array Antenna-array
E5b/B2+B3/L6) (dual-freq.) (single-freq.)



Pocket SDR Receiver Stucture

Pocket
SDR FE

USB Event Handler Thread

Read

USB Device

Raw
Data Buffer

Receiver Thread

Receiver Process Loop
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| ! INT8X2, RAW Read IF Data
IF Data y v
File Raw to IF Write IF
Data LUT Data Buffer
v v
@ RAW Write IF
Data Log
IF Data y
Log Update Signal R
Search CH
v
Initialize Update ’
Receiver PVT Solution )
v
E} NMEA0183 Generate
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IF Data
Buffer
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[
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A

» Control Flow

BB CH1 Thread ~ 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
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> — FLL/PLL
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[ L S y
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!  DatalUuT DLL
v
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v
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BB CH Navigation Data
12
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L2
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| ASE——

—» Data Flow

*1 int4 x 2 Fixed Point Complex

*2 int8 x 2 Fixed Point Complex




QZS-6 First Light

Signal and PRN Number
Satellite Launch Block Orbit SV | SV |RINEX &
No ID SatIDL1C/A L1C L1C/B L1S L1Sb L2C L5 L5S L5SV L6eD L6E
QZS-1 2010-09-11 I-Q Qz0 1 1 JO1 193 193 - 183 - 193 193 - - 193 (203)
QZS-2 2017-06-01 I-Q QZ0 2 2 JO2 194 194 - 184 - 194 194 184 - 194 204
QZS-3 2017-08-19 -G GEO 3 7 JO7 199 199 - 189 137 199 199 189 - 199 209
QZS-4 2017-10-09 1I-Q QZ0 4 3 JO3 195 195 - 185 - 195 195 185 - 195 205
QZS-1R 2021-10-26 IlIA-Q QZ0 5 4 JO4 196 196 (203) 186 - 196 196 (186) 186 196 206
QZS-5 2025-12-07 1lI-Q QZ0 6 5 JO5 (197) 197 204 - - - 197 - - 197 207
QZS-6 2025-02-02 III-G GEO 7 8 J08 (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
I TS50 |
D42 [ -
06-L1S
7-L1CA
07-L1CD - ——
Ajgat
gt
JD?-'LS'%
Joz1559
0715
[)D?-LGE
8-L1CA — ———
DB-LSS%-
09-L1CA |-
e —
7 azs-6 —— — =
et
JID_—LEi%:
579 LTCA[
S37-L1CA . . . . . .
o200 99 Receiver Log 2025-02-24 02:00 - 14:00 GPST Le.00 14:00 |




SDR Receiver

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 RFCH B3 CH Correlator Satellites Solution RFCH BB CH Correlator Satellites ‘Solution Log Receiver RF CH BB CH Correlator Satellites Solution Log
F_5: 16.000000 MHz Fiter BW (MHz) [16.4 |[3rd | LNA Gan[ Auto ~| Ave (s)[ 0.01 ~ AL state [ LOCK | 7 BUFF: 2% SRCH: 239 LOCK: 268/1275
Power Spectral Density (dB/Hz) 0 Histogram I || O RFSAT SIG PRN LOCK(s) C/NO (dBHZ)  COFF(ms) DOP(Hz) ADR(cYq) SYNC #NAV ERF #LOI FEC
Receiver Time (s) 247.306  Time (GPST) 2025-03-07 00:2: T T &l T T T T I Tese 000 | 41 G4 LCA 28041 41.8 |[111] 02109689  1004.1 3041233 -BRR 45 0 0 0
Input Source RF_frontend Solution Status gmﬁ 035l e 000 81 e v 8 s57.59 371 || 04350930 34790 2005440 -BR 8 0 0 0
o z e 166 uc 16 Zele o1l 0FSM2 w7 M0z SR 45 D 0 0
TF Data Fmt/# RF CH RAvE[S  Latitude (7) = b o 181 Gi8 ucA 18 277.97 423 ilIlll 03293672 9476 2809731 -BR 45 0 0 0
L0 Frequencies (MHz) Longitude (°) 1383 £ 0.5 | 26 1 G2 LICA 26 27654 431 I 06487529 -686.0  -180646.5 -BFR 4 0 0 0
1575.42,1561.00,1602.00,1227.60  Altitude (m) 1003.341 i 0.2 271 627 uca 27 27643 43.7 |INIIN 03932829 28529 8021384 -BFR 44 0 o 0
z 21 6 uk 2 763 s il 07724474 25018 6768822 BR 44 0 0 O
1246.00.1176.45.1207.14172.00 & Sats Used /A1 dare VBIQ 291 629 UCA 20 27634 405 Il .7 3644.6 -1000837.3 -8F- “4 0 0 0
Sampling 10,1Q,10,1Q,1Q10,12,10  Solution Latency (s) 0.312 311 631 UGA 31 27608 «;n WIINI 08041287 -13156  -346611.9 -8 # 0 0 0
sampling Rate (Msps) 16000 Output 33 RO GICA 7 27581 368 Il 2505432 23475 6443610 SB- 66 2 0 O
34 3 R6 GICA 6 275.64 3‘2 I 0.6293151 13422 397051.3 -BF- 135 o 0 0
# B3 CH Locked /AN 61275 # PUY Sohitions 28 363 R6 GICA 4 27544 349 || 9269104 39808 10677631 BR 135 0 0 0
IF Data Rate (MB/s) €48 #0BS/NAV Data 228/246 2 [l 2 373 R8 GICA 3 27533 508 |l 08452196 7509  -173073.7 SBFR 135 0 0 O
TF Data Buffer Usage (%) 3.6 TF Data Log (MB) [ 2] Quantzed Value 38 3 RO GICA -2 275.30 486 |INIIIIII 0.6699316 14212 3046240 BFRR 135 0 0 O
393 RI6 GICA -1 27509 485 [llIlIIIIIl 09755981 -1281.0 -345571.9 SBF- 135 0 0 O
Histogeam @ 40 3 RIS GICA 0 2755 442 [llilliI 03433121 28731 7894624 BRR 135 0 0 0
Signal €/ HO (dB-Hz) o5 0. T 433 RI9 GICA 3 274.66 410 |I[11 0.6563755 2565.5 7329186 SBFR 133 0 0 O
0.35 A.‘e -CIUE 44 3 R1I7 GICA 4 274.53 393 |||l 963763  -3701.4 0975454 -BFR 135 0 o o
gl T AT GREJCIS . Std: 1.86 45 3 RO7 GICA 5 274.44 474 T 05121685 -1417.5 3508426 SBFR 135 0 0 0
03] 46 3 RB GICA 6 27433 380 |llI 07121691 17356 5010208 -BR 120 0 0 0
45 EL1S 1 &2 He 3 paa as [N 23340078 9369 2535665 & 135 0 0 0O
| _ I 033 s31 E07 EIB 7 26099 434 [|[I[l}] 14323021 8367 2300060 8- 134 0 0 0
40 A 0] 541 E08 EIB & 26035 47.2 |I[lliilll  1.0880850 -18533 4856283 BR 133 0 0 0
| sl 71 Ell EB 1 267.42 365 || 34199107 4147 953568 BF 132 0 0 0
35 sk g 701 B25 E18 25 25742 419 [illll 02715689 22624 5834735 8 126 0 0 0O
| | 0.1 76 1 E30 EIB 30 253.57 441 1IN 0.2059666 9424 241600.2 -8F- 125 0 o 0
0 - 821 E36 EIB 36 24880 421 [lIlIl 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 i 0 85 1 03 LUCA 195 247.92 389 |l 9062184 52.2 12322.8 8F 40 0 0 0
20 1568 1570 1572 1574 1576 1578 1580 1542 “ 8 1 04 LICA 196  247.86 359 ||| 02200464 5708 -1416329 & ° 0 0 0
0084 RERESIS T 1772908 2EHT 7901222476 EZEBEEEAAI Frequency (MHz) Quantzed vaks 891 W7 ucA 19 24733 379 il 07753210 3378 847032 BR 40 0 0 0O
Recewer startid. (5us/port=, conf=C:/share/PoCkeTSOR/ conf/packer_L1B1G1L2G2LSESBLE_L BMHZ.conf) Time: 247.315 8 Recever started. (bus/port=, canf=C:/share/PocketSDR/confipocket_L181G1L2G2LSESbLG_16MH2.conf) Tima: 265.763 § Recover sartd. (busiport=, conf-Cshare PocketSDR/conf/pocketLIB1G1L2G2LSESDLS _16iHe.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 Tnput ... Output ... Signal . System .. Help ... Ext Start Stop Input Output Signal System Help ... Ext Start Stop Tnput .. Outpat .. Signal ... System ... Help ... Exit
Receiver RF CH BB CH Correlator Satelltes. Solution Log BB CH Correlator Satelites Solution Log Receiver RFCH BB CH Correlator Satelltes. Solution Log
BBCH [« [53 | > SAT:E07 SIG:E1B PRN:7 LOGK 208.31s 10/Spanis)/Range (I -] 1 ~|[04 - # Sats Usad/Sats Tracked/Signals: 42/74/271 RefFos  Clear  Span(s)| 300 | Range(m)| 10 -
1+ sign(1p) »op AZ(C) EU?) SIGI CNO SIG2 C/NO SIG3 C/NO SIGH C/NO SIGS C/NO SIGE /O 20250307 00:2340.0 GPST 35, I763° 1M i6376° 1003.846m 45/71 FIX
04T T T T T DA T | | G0+ oK OK 0 2096 324 LICA 433 LICD 404 LICP 448 L2CM 445 LSl 443 15Q 436
| 4 BoRE(ml.
ok b | OK OK OK 00 2988 561 LICA = R AL @ E= k% —
02 | OK OK OK 00 921 274 UCA 436 L20M 420 ST 40.1 LS5Q 364 - e
| OK OK OK 00 44 LicA 413 15Q 434 - - - o A
L] | - 0K OK OK 00 2133 415 - - - - - - :
) OK OK OK 00 E 469 151 385 150 466 ' ' : <
]
* * OK OK OK 00 - - - - . . 5
0.1 | 0K OK OK 00 = o Pos N(m)
4 oK o
e 02 45 OK OK OK 00 - . i 4
03 % oK OK O | e ———, =9
pe—— S xe) Ll 3 0 GOk : :
14155 1416 14165 1417 14175 1418 14185 1419 54030204 0 010203 04 o i I I
oK 0 7 T T T
Time (s) - TP/ QP - DK OK PosU(ml ]
.3 G/NO: 42.8 Bz COFF: 14173713 ms DOP: 8243 Hz ADR: 2624254 oy SYNC: -8F- #HAV: 148 —P—Qp 33 g: g: & gg - - - q
: + S | - RN —
3 —————— e e
E02 0K OK OK 00 478 ESBI 468 ESBQ 46.9 ke |
€03 oK 00 - 4 ! 1 1
€07 oK OK OK 00 440 ESBI 430 ESBQ 429
€08 0K OK OK 00 465 ESBI 46.0 ESBQ 459 T — —— 3
Ell 0K OK OK 00 - - - - - i o
E25 OK OK OK 00 414 ESBI 403 ESBQ 401
€30 - OK OK OK 00 453 ESBl 429 ESBQ 428 —
£ oK 0
o3 E36 OK OK OK 00 429 ESBl 40.5 ESBQ 403
o - 0K OK OK 00 o 473 ISl 482 L L
308.3 308.4 308.5 308.6 08.7 088 3089 09 300.1 309.2 309.3 Sikniiindindl o 00:19:00 00:20:00 00:21:00 00:22:00 00:23:00
Receiver started. (bus/port=, conf=C:/share/PocketSDR confipocket_L181G1L2G2LSESHLE_16MHz.conf) Time: 309.328 5 Recewver started. (bus/port=, conf=C:/share/PocketSDR/conf/pocket_L181G1L2G2LSESDLE_16MHz.conf) Time: 324.123 5 Recewver started. (bus/port=, conf=C:/share/PocketSDR/conf/pocket_L181G1L2G2LSESbLE_1 6MHz.conf) Time: 351.960 &
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Alternative RF Frontends (1/3)

# of CH # of PLL Sampling .
RF-frontend Vendor RF Bands RF LSI FPGA HostI/F  Price
RX TX RX TX Type/Rate
Ettus Research 70 MHz ~ 1Q, 12 bits ADI Spartan 6 %1
[1] ’ i
USRP B210 NI 2 2 1 1 6 GHz < 61.44 Msps AD9361 wcesLxiso | USB3:0 $2,387 ‘@.
i lorlQ, 2 bits
SigeGN3S | GNSS Lab -1 - GPsL1 SiGe 4120 . USB 2.0
Sampler Univ Colorado < 16.368 Msps
GNSS I+1Q, 2/3 bits  \MAX2769B +
3] , , B}
Stereo NSL 2 2 L1/L2/L5/L6 26 Msps MAX2112 + Spartan-6 USB 2.0
500 kHz ~ 1Q, 8 bits R820T +
-SDR 1! , . B}
RTL-SDR RTLSDR.com 1 1 175 GHz < 2.56 Msps RTL2832U USB 2.0
300 MHz~  1Q,12bits  |ime Micro. $520
bladeRF ! NuBand 2 2 1 1 CycloneIVE USB 3.0
3.8 GHz <40Msps  LMS6002D (X40)
i ~ 1Q, 12 bits ; ;
LimeSDR [ . Lime 5 2 1 1 100 kHz Lime Micro. ~ Cyclone IV USB 3.0 $625
Microsystems 3.8 GHz <61.44 Msps  LMS7002M  EPACE40F23 (USB)
NUT4NT 17 Amungo -, 5, GNSS | 2 bits NTLab Lattice ECPS  USB3.0  $399
Navigation L1/L2/L5/L6 <99 Msps NT1065 '
PlutoSDR (8] . - 1Q, 12 bits
(ADALM-  AnalogDevices -, 325 kHz ADI ZynqZ-7010 USB2.0  $233
PLUTO) (ADI) 3.8 GHz < 61.44 Msps AD9363
Pocket SDR ] Z ] Z ~GNss  MQ2/3Bits yaxo97, usB $$16300/ y
FE 2/4/8CH 3 3 L1/L2/L5/L6 < 32/48 Msps x2/4/8 2.0/3.0 $200 *

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

* Parts only

[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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Alternative RF Frontends (2/3)
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12bit

12bit

12bit

12bit

8bit

2/3bit

2/3bit

2/3bit

0.181

0.16
0.14
0.12f

N B O @D
T T

Histogram I
T T

sdr_cpx8_t
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Soapy SDR Modules S/W AGC
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l;\,‘::ir:::: —»: Conversion
LUT
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*1 https://github.com/pothosware/SoapySDR




Alternative RF Frontends (3/3)

Pocket SDR ver.0.15b = () €5
Stop ‘ | t ‘ i ‘ t 7\7 Help ... | ‘
Receiver ] RF CH BBCH | Corelator ] Satellites ] Solution ] Log |
RFCH| 1 |? F_S:64.000000 MHz Filter BW (MH2)[ = ] </ LNAGain| - .| Ave(s)[0.01 .
Power Spectral Den5|ty (dB/Hz) Histogram |

-45 T T T 02 r—T—T—T—T—T—T—T—
CH1 VLICA | N 0.18f Ave: 0.01 -
10CDY 0.16} Std: 2.30
S0 gEi? 4 loaafp +
~ 0.12} e
vBllI v s | ]
v 0.08} J
5, g FELEP I ) ]
UL 0.0a| .
0.02} g

0 1 - I I Il n 1

8 6 -4 2 4 6 8

Quamtlzed Va!ue
Hlstogram Q S B es
0.2 T
0.18} Ave o 02 ‘ Help ...

0.16f Std: 2.30 | ] Log]

g i: : : stem [ ALL .| output
LimeSDR o1f i r
& (64Msps, 60MHz) i |‘ h ,// S
al

0.04 B
1575.420000 MHz ¥ IO(16 bits, Stc 34.0) 0.02 I b
-8 | 1 | 1 1 0 1 .l 1
1550 1560 1570 1580 1590 1600 8 -6 4 -2 4 6 8
Frequency (MHz) Ouantlzec VaIL.e
Receiver started. (driver=lime, rate=64.000Msps, freq=1575.420MHz) Time: 76.324 s
PITMTg Rate (MSpSs) TF.UUU  output
# BB CH Locked/All 51/392 # PVT Solutions 208
IF Data Rate (MB/s) 256.0 # OBS/NAV Data 218/165
IF Data Buffer Usage (%) 32.5 IF Data Log (MB) 0.0
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20 520708091 01618232627+ 3131 7240207151 82 730343602030701020304060 709101 11 21 6242526343 539404 34456596062

“Receiver started. (driver=lime, rate=64.000Msps, freq=1575.420MHz) | Time: 235.617 s




Alternative FFT Library

ver.0.14 Issue: License Conflict between Pocket SDR and FFTW3 (GPLv2)

1.0
. FFTW . .
FFT Execution Time (1D-SP-complex, Forward)
m MKL
o0.g| EEE PocketFFT
1 KissFFT = -
] FFTS
0.6}
)]
E
= Z
E
" 04t - -
0.2}
00 12000 16000 24000 32000 48000 64000 96000

FFT SIZE (N =)
(CPU: Ryzen Al 9 HX370, Windows 11 + WSL2 + ubuntu 24.04, single-thread)

-> PocketFFT: Binary AP/shared Library - MKL and FFTW3: User build options

FFTW: 3.3.4, https://www.fftw.org, MKL: 2025.3, https://www.intel.com/content/www/us/en/developer/tools/oneapi/onemkl.html,
PocketFFT: https://github.com/hayguen/pocketfft, KissFFT: https://github.com/mborgerding/kissfft, FFTS: https://github.com/anthonix/ffts



Carrier-Phase Generation (1/2)

ver.0.14 Issue: Unable to Fix Ambiguities for RTK

Change of Correlator Logic

ver. 0.14 ver. 0.15
««—— Code Cycle (i) —»<¢——Code Cycle (i+1)—» «—— Code Cycle (i) —»*«—— Code Cycle (i+1) — >
Satl| IF samples | Satl IF samples
Sat2 T IF samples | Sat2 IF samples
Sat3 ) | IF samples | Sat3 IF samples
4 K 2
Sat4 | IF samples | Sat4 IF samples
Satn IF samples | Satn IF samples
> < s
Code Offset R QQ
Z >
A y §
2 -1/+1 v
N
v
PRN Code Replica v _ | »| Polarity Flip
PRN Code Replica | »| Detection
Correlation vy Correlation
NAV Bit * NAV B:[\J‘
v y Y Code Cycle R Y Y
NAV Decoder FLL/PLL DLL (i-1) NAV Decoder FLL/PLL DLL




Carrier Phase Generation (2/2)

FIX Rate 96.9%, RMS 3.6 cm

-0.2m, -

.. NS RMS 6.9 cm
0.0

0.1

-0.2 {
0y U-D . RMS 19.9 cm
00 e -
0.1

020 10:25 10:30 10:35 10:40 10:45 10:50 10:55 11:00

PPK Solution by Pocket SDR ver. 0.15, 2025-11-16 10:19-11:00 (BL=6.3 km)
RTKPOST 2.4.3 b35, GPS, GAL, QZS, BDS, L1+L2+L5, EL Mask=20deg, AR=Instantaneous
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Antenna Array (1/3)

CRPA (Controlled Reception Pattern Antenna)
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Antenna Array (2/3)

Ant 1
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Ant 3
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Antenna
Array

Ant5

Ant 6

Ant 7

Ant 8

Pre-Correlation Beamforming €--> Post-Correlation Beamforming
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Antenna Array (3/3)

Pre-Correlation Beam-Former Design

4 bits x 4CH IF Data 4 bits x 4CH
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% A Complex
' U i —
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Antenna Array Experiment Snapshots
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Summary

* Pocket SDR ver. 0.14
 Most of L-band GNSS signals are already suppored
 Reconfigurable 8 CH RF frontends (Pocket SDR FE)
* Over 300 CH signals can be tracked real-time by highly optimized codes

e Pocket SDR ver. 0.15

e Alternative RF frontends are supported

 FFT library is changed

e Carrier-phase quality is improved to enable RTK or PPP
* Codes for antenna-array (CRPA) are planned

* Release of ver. 0.15
* in March 2026 (planned)
* https://github.com/tomojitakasu/PocketSDR

Please Push %

% Fork 137 Y7 Star 417
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