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History of RTKLIB (1/2)

2000 ~ 2009: GpsTools (GT) [1]

GNSS precise analysis software based on MATLAB and C-MEX, PPP and POD of GNSS satellites

2006: rtkdemo.m [2]

A tiny RTK demo program written in MATLAB. AR by LAMBDA/MLAMBDA

2006: RTKLIB ver. 0.1 [2]

A simple RTK sample program used in the laboratory seminar for TUMSAT masters students.

2007/3: RTKLIB ver. 1.1

RNX2RTKP, POS2KML, RNX2RTKP_GUI. Only post-processing with GPS.

2008/7: RTKLIB ver. 2.1

RTKPOST, RTKPLOT, RTKCONV, CONVBIN. Receiver: OEMV, LEA-4T, SS2, Crescent, … 

2009/1: RTKLIB ver. 2.2.0

Published as OSS [3]. License GPLv3. RTKNAVI, STRSVR, NTRIPBROWS. 

2009/12 ~ 2011/6: RTKLIB ver. 2.2.1, 2.2.2, 2.3.0, 2.4.0, 2.4.1

RTCM 2/3 (2.2.1), GLONASS (2.3.0), Long-BL RTK, RTCM MSM/SSR (2.4.0), QZSS (2.4.1)

2013/4: RTKLIB ver. 2.4.2

Repository in GitHub [4]. License BSD 2-clause. Full multi-GNSS support (Galileo/BDS, RINEX 3, …) 

2014/9 ~ 2020/12: RTKLIB ver. 2.4.3 beta

[1] https://gpspp.sakura.ne.jp/gpstools/gt_release.htm, [2] https://gpspp.sakura.ne.jp/theory.htm,
[3] https://www.rtklib.com, [4] https://github.com/tomojitakasu/RTKLIB

https://gpspp.sakura.ne.jp/gpstools/gt_release.htm
https://gpspp.sakura.ne.jp/theory.htm
https://www.rtklib.com/
https://github.com/tomojitakasu/RTKLIB


History of RTKLIB (2/2)

3https://seladb.github.io/StarTrack-js/#/https://github.com/tomojitakasu/RTKLIB/tree/rtklib_2.4.3

...
2018/10/10  b30 support u-blox zed-f9p
                              support api-key for gmview of rtkplot
                              improve galileo sisa, i/nav and f/nav hadling
                              fix many bugs
2018/11/05  b31 update rtcm mt for beidou ephemeirs (1047->1042)
                              fix bug on default stream playback speed (= 0)
                              fix bug on stream file playback as slave mode
                              fix bug on timeset() in gpst instead of utc
                              fix problem on invalid time in message monitor for rtcm 3
                              fix problem on number of cell-mask overflow for rtcm msm
                              fix problem on missing QZSS L2C signal for u-blox rxm-rawx
2019/05/10  b32 support beidou C36-37 (#145)
                              fix bug on dropping message on tcp stream (#144)
                              save galileo E5b data to obs index 2 in struct obs_t
                              disable ambiguity resolution of gps-qzss for rel-positioning
                              add test of i/nav word type 5 on reading galileo ephemeris
                              support u-blox zed-f9p rxm-rawx, rxm-sfrbx
2019/08/19  b33 support galileo sisa index for reading rinex nav data
                              support binex upgraded galileo ephemeris (0x01-14)
                              support 460800 and 921600 bps for serial stream
                              fix bug on return value of resamb_LAMBDA() error
2020/12/29  b34 support RINEX 3.04 
                             support SP3-d for precise ephemeris
                             support BDS-3 C38-63
                             support IRNSS (NavIC)
                             support BINEX meta-data (0x00)
                             fix bug on handling Galileo ephemeris ...
2024/12/31  b35 support RINEX 3.05, 4.00 and 4.01, RINEX clock 3.04

support SINEX_BIAS for DCB
support RTCM 3.4
support CSSR for MADOCA-PPP
support Leaflet and Google Maps for RTKPLOT map view
…

RTKLIB ver. 2.4.3 beta History GitHub Stars

☆ 2303 (Feb 23, 2024)

https://seladb.github.io/StarTrack-js/#/
https://github.com/tomojitakasu/RTKLIB/tree/rtklib_2.4.3


Source Line Count

src/rtklib.h 1551

src/convgpx.c 133

src/convkml.c 162

src/convrnx.c 1239

src/datum.c 95

src/download.c 739

src/ephemeris.c 585

src/geoid.c 7421

src/gis.c 336

src/ionex.c 390

src/lambda.c 186

src/options.c 436

src/pntpos.c 535

src/postpos.c 1113

src/ppp.c 975

src/ppp_ar.c 6

src/preceph.c 540

src/rcvraw.c 1175

src/rinex.c 2446

src/rtcm.c 195

src/rtcm2.c                         395

src/rtcm3.c                        2482

src/rtcm3e.c                       2513

src/rtkcmn.c 2989

src/rtkpos.c 1487

src/rtksvr.c 915

src/sbas.c 746

src/solution.c 1476

src/stream.c 2698

src/streamsvr.c 611

src/tides.c 212

src/tle.c 470

src/rcv/binex.c 1139

src/rcv/crescent.c 552

src/rcv/javad.c 1686

src/rcv/novatel.c 1291

src/rcv/nvs.c 506

src/rcv/rt17.c                     1727

src/rcv/septentrio.c                807

src/rcv/skytraq.c 699

src/rcv/ss2.c                       264

src/rcv/ublox.c 1137

src total                         47060

app/consapp/convbin/convbin.c 552

app/consapp/pos2kml/pos2kml.c        91

app/consapp/rnx2rtkp/rnx2rtkp.c     164

app/consapp/rtkrcv/rtkrcv.c 1475

app/consapp/rtkrcv/vt.c 323

app/consapp/rtkrcv/vt.h 32

app/consapp/str2str/str2str.c       300

app/consapp total                  2937
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app/winapp/appcmn/aboutdlg.h 35
app/winapp/appcmn/cmdoptdlg.h 37
app/winapp/appcmn/confdlg.h 19
app/winapp/appcmn/console.h 39
app/winapp/appcmn/fileoptdlg.h 45
app/winapp/appcmn/freqdlg.h          73
app/winapp/appcmn/ftpoptdlg.h 45
app/winapp/appcmn/glofcndlg.h 120
app/winapp/appcmn/gmview.h           39
app/winapp/appcmn/graph.h 84
app/winapp/appcmn/keydlg.h 57
app/winapp/appcmn/maskoptdlg.h 68
app/winapp/appcmn/mntpoptdlg.h 55
app/winapp/appcmn/refdlg.h 45
app/winapp/appcmn/serioptdlg.h 38
app/winapp/appcmn/tcpoptdlg.h 40
app/winapp/appcmn/timedlg.h 20
app/winapp/appcmn/tspandlg.h 57
app/winapp/appcmn/viewer.h 46
app/winapp/appcmn/vieweropt.h 35
app/winapp/rtkconv/codeopt.h 138
app/winapp/rtkconv/convmain.h 209
app/winapp/rtkconv/convopt.h 99
app/winapp/rtkconv/startdlg.h 36
app/winapp/rtkget/getmain.h 189
app/winapp/rtkget/getoptdlg.h 43
app/winapp/rtkget/staoptdlg.h 29
app/winapp/rtklaunch/launchmain.h 74
app/winapp/rtklaunch/launchoptdlg.h 23
app/winapp/rtknavi/instrdlg.h 103
app/winapp/rtknavi/logstrdlg.h 68
app/winapp/rtknavi/mapdlg.h 75
app/winapp/rtknavi/markdlg.h 47
app/winapp/rtknavi/mondlg.h 96
app/winapp/rtknavi/navimain.h 277
app/winapp/rtknavi/naviopt.h 296
app/winapp/rtknavi/outstrdlg.h 61
app/winapp/rtknavi/rcvoptdlg.h 21
app/winapp/rtkplot/conndlg.h 63
app/winapp/rtkplot/fileseldlg.h 44
app/winapp/rtkplot/mapoptdlg.h 62
app/winapp/rtkplot/mapview.h 67
app/winapp/rtkplot/mapviewopt.h 41
app/winapp/rtkplot/plotmain.h 648
app/winapp/rtkplot/plotopt.h 162
app/winapp/rtkplot/pntdlg.h 42
app/winapp/rtkplot/skydlg.h         114
app/winapp/rtkplot/vmapdlg.h 101
app/winapp/rtkpost/kmzconv.h 89
app/winapp/rtkpost/postmain.h 222
app/winapp/rtkpost/postopt.h 294
app/winapp/srctblbrows/browsmain.h 107
app/winapp/srctblbrows/staoptdlg.h 29
app/winapp/strsvr/convdlg.h 35
app/winapp/strsvr/mondlg.h 44
app/winapp/strsvr/svrmain.h         193
app/winapp/strsvr/svroptdlg.h 75
app/winapp/appcmn/aboutdlg.cpp       24
app/winapp/appcmn/cmdoptdlg.cpp      81
app/winapp/appcmn/confdlg.cpp        10
app/winapp/appcmn/console.cpp       114
app/winapp/appcmn/fileoptdlg.cpp    124
app/winapp/appcmn/freqdlg.cpp        10

app/winapp/appcmn/ftpoptdlg.cpp      97
app/winapp/appcmn/glofcndlg.cpp      87
app/winapp/appcmn/gmview.cpp        130 
app/winapp/appcmn/graph.cpp         696
app/winapp/appcmn/keydlg.cpp         36
app/winapp/appcmn/maskoptdlg.cpp     58
app/winapp/appcmn/mntpoptdlg.cpp     46
app/winapp/appcmn/refdlg.cpp        246
app/winapp/appcmn/serioptdlg.cpp     82
app/winapp/appcmn/tcpoptdlg.cpp     163
app/winapp/appcmn/timedlg.cpp        31
app/winapp/appcmn/tspandlg.cpp      194
app/winapp/appcmn/viewer.cpp        123
app/winapp/appcmn/vieweropt.cpp      45
app/winapp/rtkconv/codeopt.cpp      468
app/winapp/rtkconv/convmain.cpp    1133
app/winapp/rtkconv/convopt.cpp      205
app/winapp/rtkconv/rtkconv.cpp       51
app/winapp/rtkconv/startdlg.cpp     101
app/winapp/rtkget/getmain.cpp       890
app/winapp/rtkget/getoptdlg.cpp      49
app/winapp/rtkget/rtkget.cpp         42
app/winapp/rtkget/staoptdlg.cpp      56
app/winapp/rtklaunch/launchmain.cpp 236
app/winapp/rtklaunch/launchoptdlg.cpp 37
app/winapp/rtklaunch/rtklaunch.cpp   33
app/winapp/rtknavi/instrdlg.cpp     362
app/winapp/rtknavi/logstrdlg.cpp    184
app/winapp/rtknavi/mapdlg.cpp       443
app/winapp/rtknavi/markdlg.cpp      124
app/winapp/rtknavi/mondlg.cpp      1976
app/winapp/rtknavi/navimain.cpp    2769
app/winapp/rtknavi/naviopt.cpp     1141
app/winapp/rtknavi/outstrdlg.cpp    152
app/winapp/rtknavi/rcvoptdlg.cpp     18
app/winapp/rtknavi/rtknavi.cpp       72
app/winapp/rtkplot/conndlg.cpp      174
app/winapp/rtkplot/fileseldlg.cpp    64
app/winapp/rtkplot/mapoptdlg.cpp    165
app/winapp/rtkplot/mapview.cpp      327
app/winapp/rtkplot/mapviewopt.cpp    55
app/winapp/rtkplot/plotcmn.cpp      545
app/winapp/rtkplot/plotdata.cpp    1417
app/winapp/rtkplot/plotdraw.cpp    2243
app/winapp/rtkplot/plotinfo.cpp     405
app/winapp/rtkplot/plotmain.cpp    2790
app/winapp/rtkplot/plotopt.cpp      312
app/winapp/rtkplot/pntdlg.cpp       115
app/winapp/rtkplot/rtkplot.cpp       77
app/winapp/rtkplot/skydlg.cpp       288
app/winapp/rtkplot/vmapdlg.cpp      196
app/winapp/rtkpost/kmzconv.cpp      267
app/winapp/rtkpost/postmain.cpp    1502
app/winapp/rtkpost/postopt.cpp     1001
app/winapp/rtkpost/rtkpost.cpp       52
app/winapp/srctblbrows/browsmain.cpp 513
app/winapp/srctblbrows/srctblbrows.cpp 35
app/winapp/srctblbrows/staoptdlg.cpp 57
app/winapp/strsvr/convdlg.cpp        51
app/winapp/strsvr/mondlg.cpp        176
app/winapp/strsvr/strsvr.cpp         58
app/winapp/strsvr/svrmain.cpp       803
app/winapp/strsvr/svroptdlg.cpp     148
app/winapp total                  32088

RTKLIB ver. 2.4.3 b34 (2020/12)

47.1 (src) + 2.9 (consapp) + 32.1 (winapp) = 82.1 kSLOC

RTKLIB ver. 0.2 (2006/12)

lambda.c 197
lambda.h 11
pntpos.c 68
pntpos.h 8
readrnx.c 194
readrnx.h 5
rnx2pntp.c                          109
rnx2rtkp.c                          152
rtkcmn.c 276
rtkcmn.h 120
rtkpos.c 202
rtkpos.h 6
Total                              1348

1.3 kSLOC

(w/o comment and null lines)



Researchs

5https://scholar.google.co.jp/citations?user=9XWl41wAAAAJ

T. Takasu, Development of the low-cost RTK-GPS receiver with an 
open source program package RTKLIB, ISGNSS 2009 

Google Scholar

https://gpspp.sakura.ne.jp/paper2005/isgps_2009_rklib.pdf

https://scholar.google.co.jp/citations?user=9XWl41wAAAAJ
https://gpspp.sakura.ne.jp/paper2005/isgps_2009_rklib.pdf


6

REGARD

T.Kobayashi, Y.Ohta and S.Miura, Preliminary results of rapid 
determination of coseismic fault model using RTK-GPS, JPGU, 2011

https://www.gsi.go.jp/BOUSAI/20240101_noto_earthquake.html#10

https://www.gsi.go.jp/common/000137236.pdf

https://www.gsi.go.jp/BOUSAI/20240101_noto_earthquake.html#10
https://www.gsi.go.jp/common/000137236.pdf


Long Baseline RTK

7
T. Takasu and A. Yasuda, Kalman-filter-based integer ambiguity resolution strategy for long-baseline RTK with ionosphere and troposphere estimation, 

ION GNSS 2010, September 21-24, Oregon Convention Center, Portland, U.S. (https://gpspp.sakura.ne.jp/paper2005/ion_2010_ttakasu.pdf)

https://gpspp.sakura.ne.jp/paper2005/ion_2010_ttakasu.pdf


GSILIB, CLASLIB, MADOCALIB

8

https://terras.gsi.go.jp/geo_info/gsilib/gsilib.html https://qzss.go.jp/technical/dod/clas/
clas_test-library.html

https://qzss.go.jp/technical/dod/madoca/
madoca_test-library.html

https://terras.gsi.go.jp/geo_info/gsilib/gsilib.html
https://qzss.go.jp/technical/dod/clas/clas_test-library.html
https://qzss.go.jp/technical/dod/clas/clas_test-library.html
https://qzss.go.jp/technical/dod/madoca/madoca_test-library.html
https://qzss.go.jp/technical/dod/madoca/madoca_test-library.html


Survey, Drone, Construction

9

https://www.naro.go.jp/publicity_report/publication/
files/drone_GNSS.pdf

https://drogger.hatenadiary.jp/entry/RWX223
https://www.shimz.co.jp/company/about/

news-release/2021/2021014.html

https://www.naro.go.jp/publicity_report/publication/files/drone_GNSS.pdf
https://www.naro.go.jp/publicity_report/publication/files/drone_GNSS.pdf
https://drogger.hatenadiary.jp/entry/RWX223
https://www.shimz.co.jp/company/about/news-release/2021/2021014.html
https://www.shimz.co.jp/company/about/news-release/2021/2021014.html


Smartphone

10

https://rtklibexplorer.wordpress.com/

https://www.kaggle.com/competitions/smartphone-decimeter-2022

https://www.mdpi.com/1424-8220/22/10/3825

https://rtklibexplorer.wordpress.com/
https://www.kaggle.com/competitions/smartphone-decimeter-2022
https://www.mdpi.com/1424-8220/22/10/3825


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

Current Release v0.0.19 (Jan 2024) v2.0 Beta (Dec 2014) ver. 0.11 (Jan 2024) 

GitHub Stars ☆ 1048 ☆ 413 ☆ 200

Processing Mode Post Processing, Real-time Post Processing, Real-time Post Processing, Real-time

PVT Single, PPP - -

Output Format
KML, GeoJSON, GPX, RINEX,

NMEA, RTCM3, Custom
RTCM3, RINEX CSV Log

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,

L5, L5S, L6D/E

BDS B1I, B3I B1I B1I, B1C, B2I, B2a, B2b, B3I

NavIC - - L1-SPS, L5-SPS

SBAS - L1C/A L1C/A, L5

Supported
RF Frontends

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

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

Pocket SDR RF Frontend

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

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

External Library

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://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


MADOCA

12
高須, 安田, 小暮, 中村, 三吉, 河手, 平原, 澤村, 複数GNSS対応高精度軌道時刻推定ツールMADOCAの開発, 第57回宇宙科学技術連合講演会, 

2013/10/9-11, 米子コンベンションセンター「ビッグシップ」(https://gpspp.sakura.ne.jp/paper2005/ukaren_20131010.pdf)

https://gpspp.sakura.ne.jp/paper2005/ukaren_20131010.pdf


PPP-AR by MADOCA and RTKLIB

13
高須, 遠藤, 中野, 三吉, 河手, 小暮, MADOCAにおけるPPP-AR機能の拡張と評価, 第59回宇宙科学技術連合講演会, 

2015/10/7-9, かごしま県民交流センター (https://gpspp.sakura.ne.jp/paper2005/ukaren_2015_ttaka.pdf)

https://gpspp.sakura.ne.jp/paper2005/ukaren_2015_ttaka.pdf


IGS Analysis Center

14
https://www.jaxa.jp/press/2023/12/20231204-1_j.html https://www.sciencedirect.com/science/article/pii/S027311772300100X

https://www.jaxa.jp/press/2023/12/20231204-1_j.html
https://www.sciencedirect.com/science/article/pii/S027311772300100X


Inside Pocket SDR
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GNSS Software Defined Receiver

16

Antenna Baseband Processor -> Software

Code NCO

E P L

Signal 
Acquisition

IP

IL

IE

Σ

Σ

Σ

QL

QP

QE

Σ

Σ

Σ

I

Q

Nav Data
Decoder

FLL/PLL

Correlators

DLL

Carrier 
NCO

90
0

Viterbi Dec

LDPC/RS Dec

RF Frontend

PLL

AGC

LNA

ADC

90
0

BPF

LPF

LPF

ADC

L1
(1565-1610 

MHz)

L2/L5/L6
(1160-1290 

MHz)

Reference 
Oscillator

RF
Divider

Bias-T

Antenna 
DC

I

Q

I

Q

GNSS SDR Block Diagram

Receiver
Channel

PLL

ADC

AGC

LNA

ADC

90
0

BPF

LPF

LPF

CLK 
Gen

PVT

IF
Signal

Navigation 
Processor



GNSS SDR RF Frontends
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RF Frontend Vendor
# of CH

RF Band ADC RF LSI FPGA Host I/F Price
RX TX

USRP N210 [1] Ettus 
Research

2CH 2CH
DC ~ 

6 GHz
14 bits

~ 100 Msps
Daughterboard

(Optional)
Spartan 3A-

DSP 3400
Giga-

Ethernet
$3,455

SiGe GN3S 
Sampler [2]

GNSS Lab
Univ Colorado

1CH - GPS L1
2 bits

~ 16 Msps
SiGe 4120 - USB 2.0 $496

Stereo [3] NSL 2CH -
GNSS L1 + 
L2/L5/L6

2/3 bits
26 Msps

MAX2769B +
MAX2112

Spartan-6 USB 2.0 $800

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

8 bits
~ 2.4 Msps

Realtek
RTL2832U

- USB 2.0 ~ $30

Blade RF [5] NuBand 2CH 2CH
300 MHz ~

3.8 GHz
12 bits

~ 40 Msps
Lime Micro.
LMS6002D

Cyclone IV 
E

USB 3.0 $520

Lime SDR [6] Lime 
Microsystems

2CH 2CH
100 kHz ~
3.8 GHz

12 bits
~ 61 Msps

Lime Micro.
LMS7002M

Cyclone IV 
EP4CE40F23

USB 3.0 $299

NUT4NT [7] Amungo
Navigation

4CH -
GNSS 

L1/L2/L5/L6
2 bits

~ 99 Msps
NTLab

NT1065
Lattice ECP5 USB 3.0 $399

Pluto SDR [8]

(ADALM-PLUTO)
Analog 

Devices (ADI)
1CH 1CH

325 kHz ~
3.8 GHz

12 bits
~ 61 Msps

ADI
AD9363

Zynq Z-7010 USB 2.0 $233

Pocket SDR
RF Frontend

- 2CH -
GNSS L1 +
L2/L5/L6

2 bits
~ 32 Msps

MAX2771
x 2

- USB 2.0
~ $50

(parts only)

GN3S SamplerUSRP N210 Stereo NUT4NTBlade RF Lime SDR

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

[4] https://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

RTL-SDR Pluto SDR

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


MAX2771

18
ADI/maxim integrated, MAX2771 Multiband Universal GNSS Receiver Data Sheet, 2018

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, 36MHz: Supports 
Wide-Band Carriers for Precision Applications (e.g., 
GPS L5, Galileo E5)

• Operates in 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)
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ver. 1.3 [1]ver. 1.4ver. 2.0ver. 2.1 ver. 1.1

LO Frequency

IF Bandwidth

Sampling  Rate

Sampling Type

Host I/F

Power

Parts Cost

:  CH1 1525 ~ 1610 MHz (GNSS L1)

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

:  2 ~ 30 MHz

:  4, 6, 8, 12, 16, 24 or 32 Msps

:  I or I/Q,  2 bits

:  USB 2.0, micro B (ver. 2.1)

:  5V 140 mA, USB bus power

:  ~ $50

EZ-USB FX2LP MAX2771 x 2

TCXO 24.000 MHz

ver. 2.1 Size: 60 x 25 x 15 mm

RF
Div

Bias
-T

MAX
2771

EEPROM
16 KB

MAX
2771

USB
micro B

SCLK
SDATA

I0

I1

Q0

Q1

CSN

EZ-USB
FX2LP

(QFN56)

PC0-7

5V

SMA

CLKOUT

ADC
CLKIN

SCL SDA

PD0-3

TCXO
24.000 MHz

RFIN
(H)

RFIN
(L)

XTAL

24MHzXTAL

D+
D -

IF
CLK

SPI

I2C

(CH2)

(CH1)

LDO

5V3.3V

3.3V3.3V

3.3V

5V

0.5ppm

[1] https://blog.goo.ne.jp/osqzss/e/4009bf9de7fe1b6a2852064cec991587, https://blog.goo.ne.jp/osqzss/e/d86df04de96123fd5c73bbb6db6e8bc5

https://blog.goo.ne.jp/osqzss/e/4009bf9de7fe1b6a2852064cec991587
https://blog.goo.ne.jp/osqzss/e/d86df04de96123fd5c73bbb6db6e8bc5


MAX2771 Register Settings

#

#  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 (0:operating-mode,1:idle-mode)

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

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

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

FCEN            =       0  # 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)

F3OR5           =       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 (0:disable,1:enable)

IQEN            =       1  # I and Q channel enable (0:I-CH-only,1:I/Q-CH)

GAINREF         =     170  # AGC gain reference value (0-4095)

SPI_SDIO_CONFIG =       0  # SPI SDIO pin config (0:none,1:pull-down,2:pull-up,3:bus-hold)

AGCMODE         =       0  # AGC mode control (0:independent-I/Q,2:gain-set-by-GAININ)

FORMAT          =       1  # Output data format (0: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 (0: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) 20

TIMESYNCEN      =       0  # Enable output of time sync pulse when streaming enabled by

# STRMEN

DATASYNCEN      =       0  # Enable sync pulse at DATASYNC

STRMRST         =       0  # Reset all counters

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

REFOUTEN        =       1  # Output clock buffer enable (0:disable,1:enable)

IXTAL           =       1  # Current programing for XTAL (1:normal,3:high-current)

ICP             =       0  # Charge pump current selection (0:0.5mA,1:1mA)

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

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

NDIV            =   26257  # PLL integer division ratio (36-32767): 

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

RDIV            =     400  # PLL reference division ratio (1-1023)

FDIV            =       0  # PLL fractional division ratio (0-1048575)

EXTADCCLK       =       0  # External ADC clock selection (0:internal,1:ADC_CLKIN)

PREFRACDIV_SEL  =       0  # Clock pre-divider selection (0:bypass,1:enable)

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

# L_CNT/(4096-M_CNT+L_CNT)

REFCLK_M_CNT    =       0  # Clock pre-divider M counter value (0-4095)

ADCCLK          =       0  # Integer clock div/mul selection (0:enable,1:bypass)

REFDIV          =       3  # Integer clock div/mul ratio (0:x2,1:1/4,2:1/2,3:x1,4:x4)

FCLKIN          =       0  # ADC clock divider selection (0:bypass,1:enable)

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

# L_CNT/(4096-M_CNT+L_CNT)

ADCCLK_M_CNT    =       0  # ADC clock divider M counter value (0-4095)

CLKOUT_SEL      =       1  # CLKOUT selection (0:integer-clock-div/mul,1:ADC-clock)

MODE            =       0  # DSP interface mode selection

[CH2]

CHIPEN          =       1  # Chip enable (0:disable,1:enable)

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

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

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

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

FCEN            =       0  # IF filter center frequency: (128-FCEN)/2*{0.195|0.66|0.355} MHz

FBW             =       7  # IF filter BW (0:2.5MHz,1:8.7MHz,2:4.2MHz,3:23.4MHz,4:36MHz,

# 7:16.4MHz)

F3OR5           =       1  # Filter order selection (0:5th,1:3rd)

...

> pocket_conf PocketSDR/conf/pocket_L1L5_24MHz.conf; pocket_conf -a
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GPS 
[1][2][3]

1575.42

L1C/A Q -158.5 BPSK(1) 1023 1.023 1 - 1 LNAV 50 50 - 6.0 L1CA

L1P(Y)*1 I -161.5 BPSK(10) 1week 10.23 1week - 1week LNAV 50 50 - - -

L1M*3 I ? BOC(10,5) ? 5.115 ? ? ? ? ? ? ? - IIR-M~ -

L1C-D I -163.0 BOC(1,1) 10230 1.023 10 - 10 CNAV-2 100 50 BCH,LDPC 18.0
III~

L1CD

L1C-P I -158.25 TMBOC(6,1,4/33) 10230 1.023 10 1800 18000 - - - - - L1CP

1227.6

L2C/A Q -164.5 BPSK(1) 1023 1.023 1 - 1 LNAV 50 50 - 6.0 IIR-M~ -

L2P(Y)*1 I -164.5/-161.5 BPSK(10) 1week 10.23 1week - 1week LNAV 50 50 - - -

L2M*3 I ? BOC(10,5) ? 5.115 ? ? ? ? ? ? ? ? IIR-M~ -

L2C-M
Q/I

-160.0/
-158.5

BPSK(1)+TDM 10230 0.5115 20 - 20
LNAV 50 50 - 6.0

IIR-M~

-

CNAV 50 25 1/2 12.0 L2CM

L2C-L BPSK(1)+TDM 767250 0.5115 1500 - 1500 - - - - - -

1176.45
L5-I I -157.9/-157.0 BPSK(10) 10230 10.23 1 10 (NH) 10 CNAV 100 50 1/2 6.0

IIF~
L5I

L5-Q Q -157.9/-157.0 BPSK(10) 10230 10.23 1 20 (NH) 20 - - - - - L5Q

GLONASS
[4][5][6][7]

1602.0 +
0.5625K*2

L1C/A*** I -161.0 BPSK(0.5) 511 0.511 1 - / 2** 1 / 2** GLO-STR 40 20 Hamming 2.0 G1CA

L1P Q ? BPSK(5) 5110000 5.11 1000 - 1000 ? ? ? - - -

1600.995

L1OCd
Q ?

BPSK(1)+TDM 1023 0.5115 2 2 (MC) 4 GLO-STR 250 125 1/2 2.0

K2~

G1OCD

L1OCp BOC(1,1)+TDM 4092 0.5115 8 - 8 - - - - - G1OCP

L1SC *4 I ? ? ? ? ? ? ? ? ? ? ? ? -

1246.0 +
0.4375K*2

L2C/A*** I -167.0 BPSK(0.5) 511 0.511 1 - / 2** 1 / 2** GLO-STR 40 20 Hamming 2.0 G2CA

L2P Q ? BPSK(5) 5110000 5.11 1000 - 1000 ? ? ? - - -

1248.06

L2CSI
Q ?

BPSK(1)+TDM ? 0.5115 ? ? ? ? ? ? ? ?

K2~

-

L2OCp BOC(1,1)+TDM 10230 0.5115 20 50 1000 - - - - - G2OCP

L2SC *4 I ? ? ? ? ? ? ? ? ? ? ? ? -

1202.025
L3OCd I ? BPSK(10) 10230 10.23 1 5 (BC) 5 GLO-STR 200 100 1/2 3.0

K1~
G3OCD

L3OCp Q ? BPSK(10) 10230 10.23 1 10 (NH) 10 - - - - - G3OCP

Galileo[8]

1575.42

E1-A Q ? BOC(15,2.5) ? 2.5575 ? ? ? G/NAV ? ? ? ? PRS -

E1-B I
-157.0

CBOC(6,1,1/11) 4092 1.023 4 - 4 I/NAV 250 125 1/2 2.0 OS, SoL E1B

E1-C I CBOC(6,1,1/11) 4092 1.023 4 25 100 - - - - - E1C

1176.45
E5a-I I

-155.0
BPSK(10) 10230 10.23 1 20 20 F/NAV 50 25 1/2 10.0 OS, CS E5AI

E5a-Q Q BPSK(10) 10230 10.23 1 100 100 - - - - - E5AQ

1207.14
E5b-I I

-155.0
BPSK(10) 10230 10.23 1 4 4 I/NAV 250 125 1/2 2.0 OS, SoL E5BI

E5b-Q Q BPSK(10) 10230 10.23 1 100 100 - - - - - E5BQ

*1 AS ON, *2 K = {-7 ... +6}, *3 Military Signal, *4 Secured Service Signal, ** Odd FCN, *** (L1OF), (L2OF)

System
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Galileo
(Cont.)

1191.795 E5a+b*5 - (-152.0) 8-PSK(10) 10230 10.23 1 100 100 - - - - - -

1278.75

E6-A Q ? BOC(10,5) ? 5.115 ? ? ? G/NAV ? ? ? ? PRS -

E6-B I
-155.0

BPSK(5) 5115 5.115 1 - 1 C/NAV 1000 500 1/2 1.0 CAS, HAS E6B

E6-C I BPSK(5) 5115 5.115 1 100 100 - - - - - E6C

QZSS
[9][10][11][12]

1575.42

L1C/A I/Q -158.5*6 BPSK(1) 1023 1.023 1 - 1 LNAV 50 50 - 6.0 L1CA

L1C/B I -158.5 BOC(1,1) 1023 1.023 1 - 1 LNAV 50 50 - 6.0 L1CB

L1C-D I -163.0*7 BOC(1,1) 10230 1.023 10 - 10 CNAV2 100 50 BCH,LDPC 18.0 L1CD

L1C-P
Q -158.25 BOC(1,1) 10230 1.023 10 1800 18000 - - - - - Block I L1CP

I -158.25*8 TMBOC(6,1,4/33) 10230 1.023 10 1800 18000 - - - - - Block II L1CP

L1S I -161.0/-158.5 BPSK(1) 1023 1.023 1 - 1 L1S 500 250 1/2 1.0 SLAS L1S

1227.6
L2C-M

I
-160.0/
-158.5

BPSK(1)+TDM 10230 0.5115 20 - 20 CNAV 50 25 1/2 12.0 L2CM

L2C-L BPSK(1)+TDM 767250 0.5115 1500 - 1500 - - - - - -

1176.45

L5-I I -157.9/-157.0 BPSK(10) 10230 10.23 1 10 (NH) 10 CNAV 100 50 1/2 6.0 L5I

L5-Q Q -157.9/-157.0 BPSK(10) 10230 10.23 1 20 (NH) 20 - - - - - L5Q

L5S-I I

-157.0*9

BPSK(10) 10230 10.23 1
- 1 L5S 500 250 1/2 1.0 Normal mode L5SI

2 (MC) 2 L5S 500 250 1/2 1.0 Verif.  mode L5SIV

L5S-Q Q BPSK(10) 10230 10.23 1
20 (NH) 20 - - - - - Normal mode L5SQ

2 (MC) 2 - - - - - Verif. mode L5SQV

1278.75

L6D

I -155.7

BPSK(5)+TDM 10230 2.5575 4 - 4 L6D 2000 2000 RS 1.0 CLAS L6D

L6L BPSK(5)+TDM 1048575 2.5575 410 2 (MC) 820 - - - - - Block I -

L6E BPSK(5)+TDM 10230 2.5575 4 - 4 L6E 2000 2000 RS 1.0 MADOCA-PPP L6E

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

1561.098
B1I I -163.0 BPSK(2) 2046 2.046

1 20 (NH) 20 D1 50 50 BCH 6.0 B1I

1 - 1 D2 500 500 BCH 0.6 GEO B1I

B1Q*10 Q ? BPSK(2) ? 2.046 ? ? ? ? ? ? ? ? -

1575.42

B1C-D I -159.0/
-161.0

BOC(1,1) 10230 1.023 10 - 10 B-CNAV1 100 50 NB-LDPC 18.0

BDS-3

B1CD

B1C-P I QMBOC(6,1,4/33) 10230 1.023 10 1800 18000 - - - - - B1CP

B1A-D*10 Q
? BOC(14,2)

? 2.046 ? ? ? ? ? ? ? ? -

B1A-P*10 Q ? 2.046 ? ? ? - - - - - -

1176.45
B2a-D I -156.0/

-158.0
BPSK(10) 10230 10.23 1 5 5 B-CNAV2 200 100 NB-LDPC 3.0

BDS-3
B2AD

B2a-P Q BPSK(10) 10230 10.23 1 100 100 - - - - - B2AP

1207.14 B2I I ? BPSK(2) 2046 2.046
1 20 (NH) 20 D1 50 50 BCH 6.0 B2I

1 - 1 D2 500 500 BCH 0.6 GEO B2I

*5 AltBOC *6  -164.0 dBW (SVID=7), *7 -167.2 dBW (SVID=7), *8 -162.4 dBW (SVID=7), *9 -162.6 dBW (SVID=3), *10 Authorized signal 
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BeiDou
(Cont.)

1207.14

B2Q*10 Q ? BPSK(10) 10230 10.23 1 ? ? ? ? ? ? ? -

B2b-I I
-160.0/
-162.0

BPSK(10) 10230 10.23 1 - 1
B-CNAV3 1000 500 NB-LDPC 1.0 BDS-3 B2BI
B2b-PPP 1000 500 NB-LDPC 1.0 BDS-3, GEO B2BI

B2b-Q*10 Q ? BPSK(10) 10230 10.23 1 ? ? ? ? ? ? ? BDS-3 -

1191.795 B2a+b*11 - ? 8-PSK(10) 10230 10.23 1 ? ? - - - - - -

1268.52

B3I I -163.0 BPSK(10) 10230 10.23
1 20 (NH) 20 D1 50 50 BCH 6.0 B3I

1 - 1 D2 500 500 BCH 1.0 GEO B3I

B3Q*10 Q ? BPSK(10) ? 10.23 ? ? ? ? ? ? ? ? -

B3A-D*10 I
?

BPSK(10) ? 10.23 ? ? ? ? ? ? ? ?
BDS-3

-

B3A-P*10 I BPSK(10) ? 10.23 ? ? ? - - - - - -

NavIC
[18][19]

1575.42
L1-SPS-D Q -159.6 BOC(1,1) 10230 1.023 10 - 10 IRN-NAV 100 50 BCH,LDPC 18.0

NVS-01~
I1SD

L1-SPS-P I -158.2 CSBOC(6,1,4/33) 10230 1.023 10 1800 18000 - - - - - I1SP

1176.45

L5-SPS *12 -159.0 BPSK(1) 1023 1.023 1 - 1 IRN-NAV 50 25 1/2 12.0 I5S

L5-RS-D *12 ? BOC(5,2) ? 2.046 ? ? ? ? 50 25 1/2 ? *10 -

L5-RS-P *12 ? BOC(5,2) ? 2.046 ? ? ? - - - - - *10 -

2492.028

S-SPS *12 -162.3 BPSK(1) 1023 1.023 1 - 1 IRN-NAV 50 25 1/2 12.0 ISS

S-RS-D *12 ? BOC(5,2) ? 2.046 ? ? ? ? 50 25 1/2 ? *10 -

S-RS-P *12 ? BOC(5,2) ? 2.046 ? ? ? - - - - - *10 -

SBAS

1575.42 L1C/A I - BPSK(1) 1023 1.023 1 - 1 SBAS 500 250 1/2 1.0
PRN
120-158

L1CA

1176.45
L5-I I - BPSK(10) 10230 10.23 1 2 (MC) 2 L5 SBAS 500 250 1/2 1.0 L5I

L5-Q Q - BPSK(10) 10230 10.23 1 2 (MC) 2 - - - - - L5Q

[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 (IS-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 B1I, 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

*10 Authorized signal, *11 ACE-BOC, *12 Interplex Modulation
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Error Detection and Correction

• LNAV Parity

– GPS/QZSS: L1C/A, QZSS: L1C/B

• Hamming Code

– GLONASS: L1C/A, L2C/A

• CRC (Cyclic Redundancy Check)

– Others

• Convolutional Code (r=1/2, k=7)

– GPS/QZSS: L2C-M, L5-I, GLONASS: L1OCd, L3OCd, Galileo: E1B, E5a-I, E5b-I, E6B, QZSS: L1S, L5S-I, 
NavIC: L1-SPS-D, L5-SPS, S-SPS, SBAS: L1C/A, L5-I

• BCH Code

– GPS/QZSS: L1C-D, BDS: B1I, B2I, B3I, NavIC: L1-SPS-D

• RS (Reed Solomon) Code

– QZSS: L6D, L6E

• LDPC (Low Density Parity Check) Code

– GPS/QZSS: L1C-D, NavIC: L1-SPS-D

• NB-LDPC (64-ary LDPC) Code

– BDS: B1C-D, B2a-D, B2b-D

24



Real-Time Processing

25

Python                   C+AVX2+FFTW3F   (ms)
   N    mix_carr corr_std corr_fft   mix_carr corr_std corr_fft
 12000    0.0343   0.0494   0.2094     0.0164   0.0274   0.0752
 16000    0.0451   0.0628   0.2886     0.0197   0.0344   0.0769
 24000    0.0683   0.0842   0.4415     0.0318   0.0495   0.1381
 32000    0.0954   0.1171   0.5960     0.0358   0.0579   0.1667
 32768    0.1036   0.1347   0.5653     0.0367   0.0591   0.1886
 48000    0.1514   0.1889   0.9936     0.0501   0.0826   0.2877
 65536    0.2268   0.2621   1.2912     0.0648   0.1154   0.3915
 96000    0.3179   0.4063   2.1467     0.0963   0.1717   0.8125

Execution Time (Pocket SDR ver. 0.11, Core i7 1260P, single thread)

24 Msps x 1 ms

(coherent integration)

mix_carr: IF carrier mixing

corr_std: standard correlator with IF carrier mixing

corr_fft: FFT correlator with IF carrier mixing

pocket_
dump

Pocket SDR
RF Frontend

IF Data
Read

LUT

IF Carrier
Mixing

Standard
Correlator

FLL/PLL

DLL

C/N0
Estimation

FFT
Correlator

Carrier LUT

CSK
Handling

NAV Data
Decoder

pocket_trk

Signal
Search

L6D, 
L6E

CH thread

SP complex
(I/Q) data

Packed 
raw IF data

USB 2.0

Ring Buffer
CH1 Q CH1 ICH2 ICH2 Q

8 bits

CH1
IF Buffer

CH2
IF Buffer

Sign + 
magnitude

0 0 : +1
0 1 : +3
1 0 :  -1
1 1 :  -3

Packed 
raw IF data



Correlator by SIMD

// inner product of complex and real ---------------------------------------

static void dot_cpx_real(const sdr_cpx_t *a, const float *b, int N, float s,

sdr_cpx_t *c)

{

int i = 0;

(*c)[0] = (*c)[1] = 0.0f;

#ifdef AVX2

__m256i idx1 = _mm256_set_epi32(3, 3, 2, 2, 1, 1, 0, 0);

__m256i idx2 = _mm256_set_epi32(7, 7, 6, 6, 5, 5, 4, 4);

__m256 ymm1 = _mm256_setzero_ps();

__m256 ymm2 = _mm256_setzero_ps();

for ( ; i < N - 7; i += 8) {

__m256 ymm3 = _mm256_loadu_ps((float *)(a + i));

__m256 ymm4 = _mm256_loadu_ps((float *)(a + i + 4));

__m256 ymm5 = _mm256_loadu_ps(b + i);

__m256 ymm6 = _mm256_permutexvar_ps(idx1, ymm5);

__m256 ymm7 = _mm256_permutexvar_ps(idx2, ymm5);

ymm1 = _mm256_fmadd_ps(ymm3, ymm6, ymm1);

ymm2 = _mm256_fmadd_ps(ymm4, ymm7, ymm2);

}

float d[8], e[8];

_mm256_storeu_ps(d, ymm1);

_mm256_storeu_ps(e, ymm2);

(*c)[0] += d[0] + d[2] + d[4] + d[6] + e[0] + e[2] + e[4] + e[6];

(*c)[1] += d[1] + d[3] + d[5] + d[7] + e[1] + e[3] + e[5] + e[7];

#endif

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

(*c)[0] += a[i][0] * b[i];

(*c)[1] += a[i][1] * b[i];

}

(*c)[0] *= s;

(*c)[1] *= s;

}
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a[0].real a[0].img a[1].real a[1].img a[2].real a[2].img a[3].real a[3].img

a[4].real a[4].img a[5].real a[5].img a[6].real a[6].img a[7].real a[7].img

b[0] b[1] b[2] b[3] b[4] b[5] b[6] b[7]

b[4] b[4] b[5] b[5] b[6] b[6] b[7] b[7]

ymm3

ymm4

ymm5

ymm6

ymm7

ymm1

32 bits

256 bits

a[]

= Σ

b[]

ymm2

= Σ

b[0] b[0] b[1] b[1] b[2] b[2] b[3] b[3]

c.real

c.img

c[0].real c[0].img c[1].real c[1].img c[2].real c[2].img c[3].real c[3].img

c[4].real c[4].img c[5].real c[5].img c[6].real c[6].img c[7].real c[7].img

FMA

x86 SIMD (Single-Instruction Multiple-Data):
AVX2 (Advanced Vector Extension 2) + FMA (Fused Multiply-Add)

permute

PocketSDR/src/sdr_func.c

(a[i].img * b[i])

(a[i].real * b[i])



QZSS L6 Signal
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L6

RS(255,223)

L61 Code 1

0,1,0,1,...

CSK

L6D

1744 bps

820 ms cyc

2000 bps

4 ms, 2.5575 Mcps

410 ms, 2.5575 Mcps 4ms 

5.115 
Mcps

CLK 
5.115 MHz

L6L
(LEX-L)

L6D
(LEX-S)

CLAS

L61 Code 2

QZS-1

RS(255,223)

RS(255,223)

CSK

CSK

L6D

L6E

1744 bps

1744 bps

2000 bps

2000 bps

4 ms, 2.5575 Mcps

4 ms, 2.5575 Mcps 4ms 

5.115 
Mcps

CLK 
5.115 MHz

QZS-2, 3, 4, 1R, ...

L6D

L6E

CLAS

MADOCA-PPP

L6

L62 Code 1

L62 Code 2

Message Body (1695)
CLAS
L6D

Preamble(32)

RS (256)

1 symbol = 4 ms 4 ms 4 ms

2000 bits = 250 symbols = 1 s

10230 chips 10230 chips 10230 chips
symbol 0

(shift: 0-255 chips)

8 bits/symbol

...L6D

L6

0.5 chip = 195.5 ns

symbol 1
(shift: 0-255 chips)

symbol 2
(shift: 0-255 chips)

2.5575 Mcps

5.115 Mcps = BPSK(5)

2000 bps

MUX

L6D
L6L/E

L6D
L6L/E

L6D

Header(49) PRN(8)

[1] IS-QZSS-L6-003, Quasi-Zenith Satellite System Interface Specification Centimeter Level Augmentation Service, August 20, 2020

Carrier Frequency: 1278.75 MHz, Modulation: CSK + BPSK(5) 

CSK



L6 Signal Acquisition
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C(t)

Resampling (8 ms, N = 96000)

D(t) exp(-j2πfdt)

IF Data (8 ms, N = 96000)

FFT(C(t)) *

FFT and Conjugate

1 -1 -1

1 0 -1 0 -1 0

Zero-Interleaving (ZI)

0

L6D/E Code Replica (10230 chips)

Zero-Padding (ZP)

D(t)

IF Carrier
Mixing

FFT 

FFT(D(t) exp(-j2πfdt))

IFFT

fd = (-5000, -4875, ..., +5000)

Doppler Freq. Bins

ti ti+1

IFFT(FFT(C(t)) * * FFT(D(t) exp(-j2πfdt)))

P(toff, fd): Correlation Powers

Correlation 
Peak

2-D Search

Carrier NCO
exp(-j2πfdt)

Fine Doppler

fs = 12 MHz
fIF = 0 MHz

| * | 2 toff - tCSK: Code Offset - CSK Code Shift (ms)

10 log10((Pmax - Pave)/Pave /T)

fd: Doppler Freq. (Hz)

Lock 
Detector

Rough C/N0

L6 
Signal

Tracking

...

...

Pmax



L6 Signal Tracking
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P

E L

(chips)

FLL/PLL

D(t) exp(-j(2πfdt+Φ))

IF Data (4 ms, N = 48000)

FFT(C(t)) *

FFT and Conjugate

1 -1 -1

1 0 -1 0 -1 0

L6D/E Code Replica (10230 chips)

D(t)

FFT 

FFT(D(t) exp(-j(2πfdt+Φ)))

IFFT

ti

exp(-j(2πfdt+Φ))

...

...

C(t)

Zero-
Interleaving (ZI)

Resampling
(N = 48000)

ti + toff

fd , Φ

Correlation Interpolation1 chip = 391 ns

Peak Detector

Correlation Function 
(N = 48000)

Correlation 
Function

0 +255-255 -1-2-3 +1 +2 +3 +4-4-5 +5

tCSK: 
CSK Code Shift

(-255 ~ 255)
Virtual EPL
Correlators

Correlator Spacing

DLL

NAV Data Decoder

Code
Loop Filter

Code
Loop

Discriminator

Carrier
Loop

Discriminator

E, L

P

WB FLL (0.5 s)  →
NB FLL (0.5 s) → PLL

Update
Carrier-phase 

/Doppler

Update
Code
Offset

ΔΦ, 
Δfd

Δｔ

Δfd

Carrier
Loop Filter

Δtoff

tofffd

fs = 12 MHz
fIF = 0 MHz

(No Costas)

Carrier
NCO

L6 Signal 
Acquisition



L6 NAV Data Decoder
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CSK Code Shift = L6 NAV Symbol + offset

Compare

NAV Symbol Buffer

250 symbols

L6 Signal 
Tracking

Shift

Frame Sync
Detector

L6 NAV Frame with Errors

0 (72) RS (256)

RS (255, 223) Decoder

Header (49)

0 (72) RS (256)

L6 NAV Frame (Errors Corrected)

Message Body (1695) RS (256)

(bits)

NAV Frame Error 
(#Error > 16)

L6 NAV 
Data

- offset

tCSK: CSK Code Shift
(-255 ~ 255)

2000 bits

-95 86 131 -92 72

26 207 252 29 193

Preamble PRN

-95 86 131 -92 72

26 207 252 29 193

Preamble PRN



L6 Tracking by pocket_trk

312022-06-07 10:40:00 ~ 2022-06-08 07:39:59 UTC (21 hours)

pocket_trk.py (ver.0.7) u-blox NEO-D9C

QZS-1R L6D (PRN 196) QZS-1R L6D (PRN 196)

QZS-3 L6D (PRN 199) QZS-3 L6D (PRN 199)

51969 / 75600
(68.7 %)

50968 / 75600
(67.4 %)

75597 / 75600
(100.0 %)

75599 / 75600
(100.0 %)
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Snapshot Positioning
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Snapshot Positioning
– Recode only DIF data for < 100 ms

– PVT by post-processing

– NAV data provided by external sources

– Very low power consumption by duty-cycling

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

Power Budget
MAX2769B :  20 mA  x   25 ms
STM32L4 : 0.5 mA  x 105 ms
TCXO : 1.5 mA  x   25 ms
SD-Card :  30 mA  x   80 ms
Subtotal :  0.0083 mAH / snapshot
Standby :  0.0002 mAH / H
Total :  444 mAH / (1440 x 370)

MAX
2769B

CPU
SD

32GB

CR3032
(3V, 500mAH)TCXO

CPU: STM32L4 (16MHz)

6 Msps x I/Q x 2 bits x 20 ms = 60 kB / snapshot
60 kB x every 1 min x 370 days = 32 GB

Search Visible 
Satellites

Coarse 
Position
(< 60 km)

Parallel Code 
Search with

Visible Satellites

Positioning by 
Doppler Freq.

Resolve milli-seconds
Integer Ambiguity

PVT by Code Phases

DIF 
data

NAV
data

Time, Fine Position

Code 
Offsets

Code Phases

Coarse
Position

Parallel Code 
Search with
All Satellites

Doppler
Freq.

Visible
Sat List

(No Coarse 
Position)

Coarse 
Time

(< 1 min)

Snapshot Positioning Flow

Snapshot Receiver Example



pocket_snap Results

4 Msps x 8 ms, GPS 6 Msps x 8 ms, GPS+GAL

RMSE E: 29.34 m, N: 22.99 m, U: 35.71 m RMSE E: 5.43 m, N: 7.83 m, U: 18.80 m

RMSE E: 4.75 m, N: 5.86 m, U: 13.98 m RMSE E: 3.54 m, N: 5.73 m, U: 9.48 m

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

#SAT = 6 ~ 8 #SAT = 10 ~ 14

#SAT = 12 ~ 15 #SAT = 20 ~ 23

33

16 kB / snapshot 24 kB / snapshot

60 kB / snapshot 60 kB / snapshot

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



Spider SDR

34

14 CH GNSS SDR RF Frontend for Antenna Array 
– GNSS L1 Signals: GPS L1C/A, Galileo E1B/C, QZSS L1C/A and BDS B1C

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

– 8 CH x 10 Msps x I x 2 bits / board

– 14 CH x 10 Msps x I x 2 bits / 2 boards (each 1 CH for board-synchronization)

– Total Parts Cost ~ $400 / 2 boards

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

EZ-USB
FX2LP

(QFP100)

SPI

I

USB
2.0

TCXO

EEPROM

CLK
Gen

CLK

SYNC

EXT SYNC

14 Elements Antenna Array8 CH GNSS SDR RF Frontend Board

SPI

I

CLK

CH1

CH2

CH3

CH4

CH5

CH6

CH7

CH8

MAX
2769B

MAX
2769B

MAX
2769B

MAX
2769B

MAX
2769B

MAX
2769B

MAX
2769B

MAX
2769B



35

Beam Forming By Antenna Array

Simulation for 14 Elements Antenna Array
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Snapshots of Spider SDR
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