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Pocket SDR

https://github.com/tomojitakasu/PocketSDR 3

Pocket SDR FE 2CH, 4CH

https://github.com/tomojitakasu/PocketSDR


Open Source GNSS SDR
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Software GNSS-SDR GNSS-SDRLIB Pocket SDR

URL
https://gnss-sdr.org

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

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

PocketSDR

GitHub Stars/Forks ☆ 2k / 668 ☆ 517 / 182 ☆ 421 / 139

Current Release v0.0.20 (April 2025) v2.0 Beta (Dec 2014) ver. 0.14 (March 2025) 

License GPL-3.0 GPL-2 or later BSD 2-clause

RF Frontends
USRP, UmTRX, HackRF One,

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

Pocket SDR FE 2/4/8CH

Programming Language C++, C C, C++/CLI Python 3, C++, C

OS Linux, macOS Windows, Linux
Windows, Linux, macOS,

Raspberry Pi OS
Real-time Yes Yes Yes

GNSS
Signals

GPS L1C/A, L2C, L5 L1C/A L1C/A, L1C, L2C, L5

GLONASS L1C/A, L2C/A L1C/A L1C/A, L2C/A, L1OC, L2OC, L3OC

Galileo E1B/C, E5a, E5b, E6B E1B E1B/C, E5a, E5b, E6B/C

QZSS - L1C/A, L1SAIF, LEX L1C/A, L1C/B, L1C, L1S, L2C, ...

BeiDou B1I, B3I B1I B1I, B1C, B2I, B2a, B2b, B3I

NavIC - - L1-SPS, L5-SPS, S-SPS

SBAS - L1C/A L1C/A, L5
PVT Single, PPP - Single

Output Format
KML, GeoJSON, GPX, RINEX,

NMEA, RTCM3, Custom
RTCM3, RINEX

NMEA, RTCM3, CSV Log,
Raw binary

External Libraries

GNU Radio, Boost, FFTW3, VOLK, 
Armadillo, LAPACK/BLAS, glog, 

gflags, matio, pugiXML, Protocol 
Buffers, OpenSSL, RTKLIB

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

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
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Signal Options

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

System Signal Signal ID

GPS

L1C/A L1CA

L1C-D L1CD

L1C-P L1CP

L2C-M L2CM

L5-I L5I

L5-Q L5Q

GLONASS

L1C/A G1CA

L1OCd G1OCD

L1OCp G1OCP

L2C/A G2CA

L2OCp G2OCP

L3OCd G3OCD

L3OCp G3OCP

Galileo

E1-B E1B

E1-C E1C

E5a-I E5AI

E5a-Q E5AQ

E5b-I E5BI

E5b-Q E5BQ

E6-B E6B

E6-C E6C

QZSS

L1C/A L1CA

L1C/B L1CB

L1C-D L1CD

L1C-P L1CP

System Signal Signal ID

QZSS

L1S L1S

L2C-M L2CM

L5-I L5I

L5Q L5Q

L5S-I
L5SI 

L5SIV

L5S-Q
L5SQ 

L5SQV

L6D L6D

L6E L6E

BeiDou

B1I B1I

B1C-D B1CD

B1C-P B1CP

B2a-D B2AD

B2a-P B2AP

B2I B2I

B2b-I B2BI

B3I B3I

NavIC

L1-SPS-D I1SD

L1-SPS-P I1SP

L5-SPS I5S

S-SPS ISS

SBAS

L1C/A L1CA

L5-I L5I

L5-Q L5Q
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Pocket SDR FE 8CH Pocket SDR FE 8CH-2ANT

MAX2771 x 8

EZ-USB FX3

TCXO
24 MHz

Pocket 
SDR FE

8CH

Div
8P

Pocket 
SDR FE

8CH

Pocket 
SDR FE

8CH

Div
4P

Div
4P

Pocket 
SDR FE

8CH

2P

2P

2P

2P

All L-band GNSS receiver
(L1+B1+G1+L2+G2+L5+

E5b/B2+B3/L6)

GNSS-compass
(qual-freq.)

4-elements
Antenna-array

(dual-freq.)

8-elements
Antenna-array
(single-freq.)



Pocket SDR Receiver Stucture
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BB CH1 Thread

RF CH1
IF Data 
Buffer

RF CH2
IF Data 
Buffer

...

RF CHn
IF Data 
Buffer

state=SRCH state=LOCK

Carrier-mixed-
Data LUT

Receiver Thread

...

...

Initialize
BB CH

Initialize
Receiver

Observation
Data

Raw to IF
Data LUT

IF Data
File

NMEA

RTCM3

Control Flow Data Flow

Read IF Data

Receiver Process Loop

IF Data
Log

Navigation
Data

RAWINT8,
INT8X2, RAW

RAW

NMEA0183

RTCM3 MSM7

RTCM3 EPH

CH Process Loop

Carrier NCO
and Mixing

Update 
PVT Solution

Generate
NMEA

Update Signal 
Search CH

Write IF 
Data Log

Write IF 
Data Buffer

Generate
RTCM3 OBS

Search
Signal

Detect
Signal Lock

Update
Time

Correlator

Sync/Remove
Secondary Code

FLL/PLL

DLL

Update C/N0

Decode
Navigation Data

Detect
Signal Lost

Update 
OBS/NAV Data

sdr_cpx8_t *1

sdr_cpx16_t
*2

USB Event Handler Thread

Raw
Data Buffer

Read 
USB Device

*1  int4 x 2 Fixed Point Complex
*2  int8 x 2 Fixed Point Complex

Generate
RTCM3 NAV

Pocket 
SDR FE



QZS-6 First Light
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QZS-6

Satellite Launch Block Orbit
SV 
No

SV 
ID

RINEX
Sat ID

Signal and PRN Number

L1C/A L1C L1C/B L1S L1Sb L2C L5 L5S L5SV L6D L6E

QZS-1 2010-09-11 I-Q QZO 1 1 J01 193 193 - 183 - 193 193 - - 193 (203)

QZS-2 2017-06-01 II-Q QZO 2 2 J02 194 194 - 184 - 194 194 184 - 194 204

QZS-3 2017-08-19 II-G GEO 3 7 J07 199 199 - 189 137 199 199 189 - 199 209

QZS-4 2017-10-09 II-Q QZO 4 3 J03 195 195 - 185 - 195 195 185 - 195 205

QZS-1R 2021-10-26 IIA-Q QZO 5 4 J04 196 196 (203) 186 - 196 196 (186) 186 196 206

QZS-5 2025-12-07 III-Q QZO 6 5 J05 (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 III-G QGEO 8 9 J09 (201) 201 206 - - - 201 - 206 201 211

Non-Standard - - - - - J06 (198) (198) (198) - - - (198) - - (198) (208)

Non-Standard - - - - - J10 202 202 202 - - - 202 - - 202 212

Receiver Log 2025-02-24 02:00 - 14:00 GPST



SDR Receiver
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Receiver Tab RF CH Tab BB CH Tab

Correlator Tab Satellites Tab Solution Tab



Pocket SDR ver. 0.15
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Alternative RF Frontends (1/3)
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RF-frontend Vendor
# of CH # of PLL

RF Bands
Sampling

Type/Rate
RF LSI FPGA Host I/F Price

RX TX RX TX

USRP B210 [1] Ettus Research,
NI

2 2 1 1
70 MHz ~ 

6 GHz

IQ, 12 bits ADI
AD9361

Spartan 6 
XC6SLX150

USB 3.0 $2,387
≤ 61.44 Msps

SiGe GN3S 
Sampler [2]

GNSS Lab
Univ Colorado

1 - 1 - GPS L1
I or IQ, 2 bits

SiGe 4120 - USB 2.0 $496
≤ 16.368 Msps

Stereo [3] NSL 2 - 2 -
GNSS

L1/L2/L5/L6

I+IQ, 2/3 bits MAX2769B +
MAX2112 + ...

Spartan-6 USB 2.0 $800
26 Msps

RTL-SDR [4] RTLSDR.com 1 - 1 -
500 kHz ~
1.75 GHz

IQ, 8 bits R820T +
RTL2832U

- USB 2.0 $20 - 50
≤ 2.56 Msps

bladeRF [5] NuBand 2 2 1 1
300 MHz ~

3.8 GHz

IQ, 12 bits Lime Micro.
LMS6002D

Cyclone IV E USB 3.0
$520
(X40)≤ 40 Msps

LimeSDR [6] Lime 
Microsystems

2 2 1 1
100 kHz ~
3.8 GHz

IQ, 12 bits Lime Micro.
LMS7002M

Cyclone IV 
EP4CE40F23

USB 3.0
$625
(USB)≤ 61.44 Msps

NUT4NT [7] Amungo
Navigation

4 - 2 -
GNSS 

L1/L2/L5/L6

I, 2 bits NTLab
NT1065

Lattice ECP5 USB 3.0 $399
≤ 99 Msps

PlutoSDR [8]

(ADALM-
PLUTO)

Analog Devices 
(ADI)

1 1 1 1
325 kHz ~
3.8 GHz

IQ, 12 bits
ADI

AD9363
Zynq Z-7010 USB 2.0 $233

≤ 61.44 Msps

Pocket SDR
FE 2/4/8CH

-
2/
4/
8

-
2/
4/
8

-
GNSS

L1/L2/L5/L6

I/IQ, 2/3 bits MAX2771
x 2/4/8

-
USB 

2.0/3.0

$60/
$130/
$200 *≤ 32/48 Msps

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

[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

* Parts only

https://www.ettus.com/all-products/un210-kit/
https://www.ettus.com/all-products/un210-kit/
https://www.ettus.com/all-products/un210-kit/
https://www.ettus.com/all-products/un210-kit/
https://www.ettus.com/all-products/un210-kit/
https://ccar.colorado.edu/gnss/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://gmvnsl.com/advanced-gnns-hw-sw/
https://rtl-sdr.com/
https://rtl-sdr.com/
https://rtl-sdr.com/
https://www.nuand.com/bladerf-1/
https://www.nuand.com/bladerf-1/
https://www.nuand.com/bladerf-1/
https://limemicro.com/products/boards/limesdr/
https://www.amungo-navigation.com/
https://www.amungo-navigation.com/
https://www.amungo-navigation.com/
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
https://www.analog.com/en/resources/evaluation-hardware-and-software/evaluation-boards-kits/adalm-pluto.html
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)

Sample
Conversion

LUT

USRP

LimeSDR

bladeRF

PlutoSDR

RTL-SDR

Pocket SDR
FE 2CH

Pocket SDR
FE 4CH

Pocket SDR
FE 8CH

*1 https://github.com/pothosware/SoapySDR

...

CS16/8
(int8 x2/int16 x2 

complex)

Average/
Variance

uhd

lime

bladerf

plutosdr

rtlsdr

Soapy
SDR *1

Soapy SDR Modules

RF CH
Separation

RF CH
Separation

LUT

USB
Device
Reader

CyAPI
or

libusb-
1.0 RAW8/16/32

S/W AGC

sdr_cpx8_t
(int4 x 2 complex)

sdr_cpx8_t
(int4 x 2 complex)

RF CH1
IF Data 
Buffer

RF CH2
IF Data 
Buffer

RF CH3
IF Data 
Buffer

RF CH8
IF Data 
Buffer

Sample
Conversion

...

IF Data BuffersADC

12bit

12bit

12bit

12bit

8bit

2/3bit

2/3bit

2/3bit
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Alternative RF Frontends (3/3)

LimeSDR-USB

LibreSDR
(USRP B210 

clone)

PlutoSDR

Nooelec RTL-SDR v5

bladeRF X40

LimeSDR
(64Msps, 60MHz)
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Alternative FFT Library

FFT Execution Time (1D-SP-complex, Forward)

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

(CPU: Ryzen AI 9 HX370, Windows 11 + WSL2 + ubuntu 24.04, single-thread)

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

ver.0.14 Issue: License Conflict between Pocket SDR and FFTW3 (GPLv2) 
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Carrier-Phase Generation (1/2)

IF samples

IF samples

IF samples

IF samples

IF samples

IF samples

IF samples

IF samples

IF samples

Code Offset

Sat1

Sat2

Sat3

Sat4

Satn

Sat1

Sat2

Sat3

Sat4

Satn

ver. 0.14 ver. 0.15
Code Cycle (i) Code Cycle (i+1) Code Cycle (i) Code Cycle (i+1)

PRN Code Replica

Σ
Σ

Σ

PRN Code Replica

... ... ... ...

IF samples

-1/+1

Correlation Correlation

Polarity Flip 
Detection

FLL/PLL DLL FLL/PLL DLLNAV Decoder NAV Decoder

*

*

... ...

Change of Correlator Logic

Code Cycle
(i-1)

NAV Bit NAV Bit

ver.0.14 Issue: Unable to Fix Ambiguities for RTK
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Carrier Phase Generation (2/2)

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

FIX Rate 96.9%, RMS 3.6 cm

RMS 6.9 cm

RMS 19.9 cm

+0.2 m

- 0.2 m

E-W

N-S

U-D



Antenna Array (1/3)
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Complex Weights

...

s1

s2

s3

sn

wH s = Σ(wi
* * si)

Ant 1 Ant 2

Ant 1

Ant 2

Ant 3

Ant n
si = exp(j(2π(ft + φi)))

wi = ai exp(j2πΔφi)
wi

* * si = ai exp(j(2π(ft + φi - Δφi))) 

w = (w1, w2, ..., wn)

CRPA (Controlled Reception Pattern Antenna)

Δφ

s = (s1, s2, ..., sn)

w1wn
w2w3

95 mm

L1 7-Elements
Antenna Array
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Antenna Array (2/3)

RF 
CH1

IF Data 
Buffers

Beam-
Former 1

BF CH1
Thread

Attitude 
Determination
and Calibration

RF 
CH2

RF 
CH8

BF 
CH1

BF 
CH2

BF 
CH m

Pocket 
SDR

FE 8CH

Beam-
Former 2

Beam-
Former m

Antenna
Array

BF CH2
Thread

BF CHm
Thread

...
...

...

BB CH
Thread

...

...

Beam
Control

PVT

BB CH
Thread

BB CH
Thread

RF CH
Separation ...

...

...

BF Data 
Buffers

PVT
Solution

Attitude
Solution

Position,
Sat Az/El

Roll, Pitch, 
Yaw, H/W 

Biases

Ant 1

Ant 2

Ant 3

Ant 4

Ant 5

Ant 6

Ant 7

Ant 8

RAW32
(2/3 bits x 

8CH)

BF: Beam Former

int4 x 2
Complex

MAX 8CH x
16 Sats

MAX 16 CH

Pre-Correlation Beamforming ←→ Post-Correlation Beamforming
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Antenna Array (3/3)

CH4 CH3 CH2 CH1

CH8 CH7 CH6 CH5

Complex
→ int4 x 2

LUT x 2

65536 x 8B
= 524 KB / LUT 

4 bits x 4CH IF Data

4 bits x 4CH IF Data

4 bits x 8CH 
IF Data

4 bits x 4CH
→ Complex

4 bits x 4CH
→ Complex

Complex 
Weights (8CH)

int4 x 2
Complex

Pre-Correlation Beam-Former Design

LUT
Generation

Antenna Array Experiment Snapshots

Taoglas ADFGP.25A Embedded D

Pocket SDR FE 8CH

Scale
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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

• Pocket SDR ver. 0.15
• Alternative RF frontends are supported
• FFT library is changed
• 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 ☆
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