Introduction of GNSS-SDR

Nobuaki Kubo, TUMSAT
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Title: FunCube 2 meter NB FM
Qutput Language: Python
Generate Options: OT GUI

Options

Variable
Id: samp_rate
Value: 192k

Funcube dongle Pro+
Device Name: hwCA . 20,DEV=0
Unmit: 1
Lna enable,disable: 1
Mixergain enable/disable: 1
Frequency (Unit Hz): 146.94M
Frequency corr. (ppm): 0
If gain: 20

QT GUI Range
Id: tuning
Label: Tuning
Default Value: 146.34M
Start: 144M
Stop: 148M
Step: 1k

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 192k
Cutoff Freq: 6k
Transition Width: 2k
Window: Hamming
Beta: 6.76

QT GUI Waterfall Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth {Hz): 192k

freg)
| bw |

Gnu Radio D5l
GNU Radio - The Free & Open Source Radio Ecosystem - GNU Radio

QT GUI Range
Id: sq_|vl
Label: Sguelch
Default Value: -50
Start: -100
Stop: 0
Step: 5

QT GUI Range
Id: velume
Label: Volume
Default Value: 500m
Start: 0
Stop: 1
Step: 100m

Simple Squelch
Threshold (dB): -50
Alpha: 1

NBFM Receive
Audio Rate: 48k
Quadrature Rate: 192k
Tau: 75u
Max Deviation: 5k

Multiply Const
Constant: S00m

Audio Sink
Sample Rate: 48 kHz
Dewvice Name: hwCA_ _ce DEV=0



https://www.gnuradio.org/

Tutorials (Gnu Radio)

Beginner Tutorials
Introducing GNU Radio

1. What is GNU Radio?
2. Installing GNU Radio
3. Your First Flowgraph

Flowgraph Fundamentals

. Python Variables in GRC

. Variables in Flowgraphs

. Runtime Updating Variables
. Signal Data Types

. Converting Data Types

. Packing Bits

bt I = LTy [N SN S R LS B

. Streams and Vectors
8. Hier Blocks and Parameters

Creating and Modifying Python Blocks

1. Creating Your First Block

2. Python Block With Vectors

3. Python Block Message Passing
4, Python Block Tags

DSP Blocks

1. Low Pass Filter Example
2. Designing Filter Taps
3. Sample Rate Change

Intermediate/Advanced Tutorials
Core GNU Radic Mechanics

1. Stream Tags
2. Polymorphic Types (PMTs)

3. Message Passing
Medulation and Demodulation

1. Narrowband FM

. Single Sideband (SSB)

. QPSK Mod and Demod

. BPSK Demodulation

. Frequency Shift Keying (FSK)
. OFDM Basics

7. Packet Communications

Custom Blocks and Out of Tree (OOT) Modules

W

1. Creating an OOT (Python block example)
2. Creating an OOT {C++ block example)
3. Writing the YAML file for a block (GR 3.8+)

Miscellaneous

1. Understanding a Flowgraph's Python Code
2. Using GNU Radic With SDRs

3. IQ and Complex Signals

4. Understanding Sample Rate

5. Understanding ZMQ Blocks

Developer Resources

[T o R o T O A I

[ i e e
o R O

. Porting Existing Flowgraphs to Newer Version

. Porting Existing OOTs from 3.9 to 3.10

. Porting Existing OOTs from 3.8 to 3.9

. Porting Existing OOTs from 3.7 to 3.8

. VOLK: What it does, why it rocks, how to write new kernels

. Working with ALSA and Pulse Audio

. Using Visual Studio Code for Source level debugging of C++ QO0Ts
. Using Eclipse for Building and Source level debugging C++ OOTs
. Using Code: :Blocks IDE for GNU Radio Development

. Git and GNU Radio

. How to use Octave or Matlab with GNU Radio

. The GNU Radic Scheduler @&

. Using Custom Buffers for Hardware Accelerated Blocks

. Remote Control and Automation of Flowgraphs with XMLRPC
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MAX2771 D% A4

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

Multiband Support * LI, L2, L5, El, E5,E6,Bl, B2,B3

Programmable IF Bandwidths of 2.5MHz, 4.2MHz, 8.7MHz, 1 6.4MHz, 23.4MHz,
36MHz * Supports Wide-Band Carriers for Precision Applications (e.g., GPS L5,
Galileo ES)

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

| .4dB Cascaded Noise Figure and | |0dB 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,


https://datasheets.maximintegrated.com/en/ds/MAX2771.pdf

7Zu bxy ROBRE

AMTEMMA

HARDWARE ANALOG IF DIGITAL IF SOFTWARE IMPLEMENTATION

o SCOUISITHOMN . RN -~ *nFH__
- TRACKNG LNA: %7 4220~30dB32 &
FAVIGATION DECODING

can:uu_nmﬁ NF(%& :]:Elﬁ(&) 2dBu—F

g i Hry a2 N—4:
chslE #¥<—<-—Y Bl ZXGPSDLIEETHS
S — 1575.42MHzZ& R LAAOF 0
ANAXKILAN ’é&MHZ@EPFEﬁJEIi&#!&

MAX2TES FOWER

MANAGEMENT (|F) [:g\\'j_‘/':?// {_I“

I _
A@ = COUNTER :RF e CONTROLLER Li—d_ °
FILTER Y 7aLVIB3I5es 5 CYPRESS

- GPS DATA
=0 |GF"SCLK Cysa014

-1 GPSCLK i A-D32/ {_9 |F1§"I=?0)
> CLK_OUT [mml T “9}[/“: _HXI‘IE‘JI\
: P2Ewk (1.2dBIEEEEDIEXK)
5P| INTERFACE AGCT%%"E%%E':
= VGARIET AT T

A Ad

&
-
=
=y
*]

1

4 .
DIGITAL LOOP GPS BEE(.:EBAND W PC ' - Hy [') JA i} T: &) D

CONTROL FILTER SPOT SOFTWARE
| USBA/ A3 —TJx—X

]




Wio7ay by R TOHE R

IF Domain RF Domain

12.82MHz 1620 1540 1560 1580 1800 1620 1640
AA=DYDTHREI XY

The sign in the IF domain is opposite to the sign in the RF domain by mixing.
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Example of

“particular signal case”

---B4 student study : multipath mitigation---
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Spoofing& 9 S Al D E K

Receiver Design, Signal Processing

Receiver/spoofer attack sequence viewed from a victim receiver
channel. Spoofer: black dash-dotted curve; sum of spoofer and truth:
blue solid curve; receiver tracking points: red dots.

Mark L. Psiaki and Todd E. Humphreys
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Alternate
Radionavigation

Fingerprint like positioning using only Doppler frequency of LEO
|.  Received Doppler frequency is determined by the position

2. We prepare a Doppler map according to the grid position -
3. Compares the received Doppler with prepared one &
4. The position is determined by matching them -
3456.5@ The approx. same F pos
connected line(2¥¢lepoc)
3456.2 True position 3456.6
Nearest F pos 3456.7
Received Doppler = 3456.32
3455.9 3456.3
3456.0 3456.4

3456.1

NI ALEOREDNESEHEAHLMINIL, SDRTTAMATZEMERFKTES
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';GNSS Satellite

scintillation
events

Amplitude
Scintillation (dB)

Phase
Scintillation (cycles)

Datasuppli
Belgium

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

hosssavochfisonssssssand

1 1 1 L
02 04 06 08
Time (hrs)

ed by J.-M. Sleewaegen, Septentrio,

(/]

x4 « Standard positioning
. * Scintillation-improved positioning

318324

?51523-

S—

Q.

2 e
31524
31522+ v

RIS 2
HTH 255 2% 257 256 2% 26 261 262 265 264

Time (s) x

The height of a static PolaRxS receiver with and  without
scintillationsimproved algorithms.
(Supplied by: B. Bougard from data collected as part of the

11LL *E *E’;& CIGALA project. Brazil)
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KA > ToOfHl (GOOSE)

GOOSE is meant as a rapid prototyping solution for the
development of GNSS receivers.

FPGADER R UNA—T >
- 60 hardware channels

Up to 25 Hz raw data output (code, carrier, navigation data)
- Supported signals: almost available
Galileo OS-NMA implemented

- Open GNSS Receiver Protocol (OGRP®), fully documented with parsing
tool using CONVBIN from RTKLIB as RINEX converter

- C++-API to access the tracking I&D values and to close the tracking loops
Logging of tracking 1&D values
10 MHz reference input/output, PPS output
1 Ethernet port, 2 full speed USB ports
Digital recording and playback of front-end IF samples in real time
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SEfIHLIz7ay by ROF—4
(1ms%y)

Time domain plot Frequency domain plot

i il

0 0002 0004 0006 0008 001 0012 0014 0016 0018 0
Time {ms) Frequency NdHz)

X1

ma

-

-6

Amplitude
=)
Magnitude
A

«10° Histogram

This is raw data after convert.
About 202.5 for 0.0] ms.

A/D is analog to digital(-3,-1, | ,3\(.

Center frequencyfor LI-C/A
is 1575.42 MHz.
It is transited to 0.529 MHz

which is intermediate frequency.
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,L Continuous analog signal —_
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<—Four-level litud
Discrete time signal L PHrEvE ampTtee
iy 1.
I o
D|g|tal signal (4 levels)
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» EFNEDOERAKIYIYT)S (20MHZ) DHDES
EL,QYT1)2T (20MHz) Tldk, FDIEHRELELS
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* Burnout protection
* Bandpass filter
* Low-noise amplifier

i Analog signal conditioning

Digital signal processing channel

(one for each satellite tracked)

Bangpass
sampling

Doppler
remaoval

Local ascillator #2

Code and carrier

meas

PVT estimator

urements to

\

—= Correlators

Frompt

Early
Late

Code
NCO

Radio Mixer and
frequency ™| intermediate [
BPF frequency BPFs
A
=
=
L
E
3
B
Q
=l
Reference Frequency
oscillator synthesizer

| DLI__ & PLL [
filters
S
&
L]
=2
(&
]
- a——

(r %)

T Carrier error {H—Hﬁ}
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GPSOEH

Carrier at 1575.42 MHz (L1

L

1227.60 MHz [LE%I 19.cm (L1)
"‘x_h\_._\_.--\- :
-S-I]{fj = %‘IﬁPELD{T}TU}CUE{?Hﬁ]T + HJ[]} Code at 1.023 Mcps (C/A) T —— :
10.23 Meps (P(Y)) Y :
+ \-;P}'lﬂ[:ﬂlr,:f} sin(2m fr t + 1) I‘I | |_||'| |_| | I‘I | “ |
S1a(f) = V2PrD@Oy() sin(2mfiaf + 672) ' 300 m (CA) —»| e— |
S |
T ———— |
= = ———
EEEE s

G000 km — =

Mavigafion data at 50 bps

RS YT SRIRE | | G4
Hi) = 2P Dt —@ﬁ:(a‘ —@cm[ 2 f1 +@f +@ + n(r)
2{EEF

FRAIRZEINHLTHET =DICESNENHL
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2lEfa =5 zikd 5

r(f) = 2P D(t — T)x(t — 7) cos(2a(fz + fo)t + b ) + 1(7)

(BEERF 4 PHNVABICHE L=BIc2oTWVaAD, FEFEFEEL EAONEZITORITAERG
W E T, B - AHET Uit hid e e, 2o A, rICi3EARRE (basic range) 5 LTF
a—WirEE Loy 247y FEHBICABELZREFEE ST TWAREHTHES. £, Fy
FZv7 b () bEEELLTREIRLER . I, a2—WEEL 7o v BREHOHREICERT
HELEMELEIESERA TV IO THD. HEONTHELELESICE, EEAEA 7' v
b (66) DETEBLCBRBLELRD.

LD =DDEFR (1. fp.00) 1T, ZOOBEREICHTTHESNDS. EVOERT, () PHIRME
o IEEER (global search) +SEMETH Y, {55042 (signal acqmsition) & L TR CHBEN TN,
FEFEL, (o) OIEMEAHITE AT O BIEEEFE (localsearch) TH Y, ZhicidEERErHoETS
SERLDZLLHD. BHEREESBREEMEEHETSEBS, 2e—L 2 MEBBREEEINS.
EEHAERT SmEL #Fae—L i MEFBREMTINS., £HITIE, SE5HRIZoW TR~
5. (BFBRIZoWTIE, F1R2ETHETAS.



Acquisition ([§5fli{e) HEE

» GPSIEBIXARI LS LIRS TEHFHSNTHEY ., hDih kb
TREBEGTIEB L ANILIE- I23dBm75\b 130dBm&IER IR
W(ARTFTHEBLRILERBE-110dBm<SLY)

» BB TESEBICET =OHIZ, O—F P FYTIEEEHE
EAEBEEDIEETEEEZNAIVENHSH, T L
TJVHESEANESDHEBEZELES

» DHIREDESRIETIE. BEF S (GPSI=E1-32) , O—F#E

FREH . BREIERGEFELGENEZOND, ZRIEHRIH S

&L %‘é‘éﬁ:ﬂi’&fthé F-ERFETOBHEIEDEGS

O—RFREIFEORY TS EKS ﬂh\%hli&’”th’(b\&b\li‘d‘?&

DT, FREBFLEN S —EFREIZE LY
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A At (sec)
10237,
i _— 1 Generic
T./2 'd search bin HLLY VT ILER#N20.25MHz DB S .
. Ims® 13—~ & T20,250DF VT D
bl BT B, RIS
500HzfEIfR C7kHzD Ky FS5H—F
[ZIF28DHAEHENRE,
&E&t. 20,250 X 32%31 £ % 28
— N A 1
rrrrrrrrrrrr Af, (H2) 18,144,000 TR DA HhEE !
0 -
—&000 — - g000
ill":D.t:-in
{5 >-s=”"nﬂt°t Ko 5 EE 4R Mg Lao—RirdE (Ar) &HA—F 5, EEE
WOEL0EE ML, o— Flulgoe e k. O T RS,

EERIZIE, MtOa—KRAMBE Y TU T BRI
BEORRBE VIIESEREIZIECTRET S (ImsT500HzEE)
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» WERICHEZABARYTSRIEBOEEITFDFEEA
JtvykELTHLHONS

» A—RIZ5ZBF YT SRR DEZE(L1/1540
(1.023MHz&E 1575 42MHzD L TR EB) TH B, &
1E R KD SkHZz TEE(X3.2Hz (/ML) TH S

» OCXOWILED D) LHHEREIRLET HE. Z{EH
BlDRER#BA 7y IIFIZ0IZHEE-oHATnD
FyTSRIREBIEZFDEFA TV EEFLLME
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-

Setting

Rising H o”‘a(r Zon

—_— e —y

4,500-5,000 Hz per second in maximum

The frequency
of the signal
/“(_ when it reaches
the Receiver

4.5 to 5 Cycles per Millisecond
- >
per Millisecond

L The frequency of
the signal broadcast
by the Satellite

4.5 to 5 Cycles



REZEZERDEXEE

Time =t
Approx. 4km/s
PP ‘s@»
\& ' Q
Time = t-1 -‘&
A BENI—HFITEINTLRT—R

200m/s REFEA R DOFEXRE D] 200m/s

My T SERE = 200m/ B

HODTRYTSREEILE 1051 Hz

R 299792458/1575420000=0.190293...
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7

One shot of GPS 14 Ve RKE 162128 B HEICE—S

H TS K E=20.25MHz7E D TIms T20250H 27 )L
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a— RNAHDEHD A A —

bbb ik ko bl L .|.4n bl l‘llL. = 1 ‘ LU L bl
0.5 1 1.5

Real collected first | ms data Real collected first I ms data
C/A code for GPS |14

Sampling Frequency is 20.25 MHz
It means that the number of sampling is 20250 in every Ims.
GPS/QZSS LI1-C/A code repeats every Ims.
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Acquisition Metric
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Acquisition results
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Acquisition results
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PRN number (no bar = SV is not in the acquisition list)

—

MFT

— 3 1D H]

PRN number (no bar = SV is not in the acquisition list)

MF7—24: 148+Q%H



AFETIIHEIED & 7 —77 (DLL : Delay Lock Loop) &{it#ir = &7 /l—=7 (PLL : Phase Lock Loop)
RS TS, HHETIAESD v 7 v—7 (FLL : Frequency Lock Loop) Z s 5. # 11 5 T
Lk oz, BEMETa—Ffr & Fy 77 HREY o OBEOMERL 542 5. DLLIE, Z0
a— FAHOFEHTCHEORELZ®&D, TOROELICEETS. ZofzH, DLL ZERREE LT
WG PRN 2— FO LU A (g 28EL, ZEa—FLoR#2dErT5. EEEREEELES
foh, =— FAHOHEEMRD 5.1 S TR LchomE s —fFICHW6h S, FLLIZ Fy 77 REHO
IEEEEORE L&D, TOROELIZEBET S, Zok®, FLL JEEROMEREREL, =
(BiEEOEEE L ORREMERT5. FLL SRR, PLL IZREREBRA—F TH LA, REHArH
8 DHEEHHEZ 5. PLL AN EEOMBICREEZESE0, LU ThHAEEEDR KR L
U HETLSLERDHDS. a—-FEREREO ZNLEEO2EL{ESEBR L5

il

FLJ—_AJ%ﬂLSZﬂéiﬁg
PLL—{ifHIEE

DLL—O—FERE
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10t

&
Incoming Signal Inearming Signal
o N
e “T o m
v g
- h 1
N iy
Satellive — Slarellitt- —_— .
C'A Code Early C/A Code Early
Prompt Prompt
Receiver Late Recaiver Late
Replica I Replica
E-LAN0IZHE S &S
— . ® 1o —
JEJ% ] l/_j b\ E] 1"5 Burto-Correlation Peak
i L 2~ £ 10
= "k o
- 2
E 3
E 05 P’ E 0.5
=03 =0
-1.5 =1 -2 0 3 T + 1.0 +1.! -1.5 -2 0 + 12 + 1.0 + 1.5
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-——Early Slope

Late Slope—®




dliCorrelatorSpacing

» earlylLateSpc = settings.dllCorrelatorSpacing; (default : 0.5)

| chip: 1/1023

C/A code : 1.023 Mcps
Sampling frequency :20.25 MHz
20.25/1.023 = 19.794...

0.5 chip :approx. 10 sampling
+/- 10 sampling

frttttitttertit

@

Approx. 20 sampling for | chip

Length of | chip

0.5 chip Early

@

TILFA)L—EDIEE
COBMBMNIEZD

Prompt

<)

0.5 chip Late
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TRELGL, BE . ROWBEBEE—IXZ X Imsn D YT
T MEFE-LIAIZHYET

» FEMLVEASENDHEAZZERED6 D DFEBEE (1QL
Prompt,EarlyLate T62) EFIBIER. IL—T T4 ILATEEL
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Image of tracking (PRN 14)

The result of acquisition is almost correct.

Therefore, the prompt sampling values for the tracking changes + approx. 20250.
(202501F B> T T IR EAY20.25MHZz T Ims 3 DH LT T #)

It changes slightly due to Doppler frequency and clock drift.

A A A A A s
16211 36461 56712 76961 97211

A

Time
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Carrier(Doppler) and Code frequency
(PRN14 : first 5 seconds)

O—REEEAY1.023McpsI TR L TRELY
—O—RRHEDRTYTENKEL

00| S HT A4 R RSN —RTZTA 20249585 L)
1023006
1800
1023005
1780 1023004
1023003
6o 1023002
1740 1023001
1023000
1720 1022999
10229938
1700
1022997
1680 1022996
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
IF=0.529375MHz (depends on Front-end) Code frequency
Doppler frequency = Carrier frequency — 0.529375 MHz = 1.023MHz + Doppler frequency/1540
Acquisition stage : 1741Hz = 1.023MHz + |.15Hz

Tracking stage : approx. | 770Hz
1540 = 1.57542GHz / 1.023 MHz

s FEEO—RDREIRE L
-------------------------------------------------------------- 1770/1540=1.149 1790/1540=1.162
> CarrierBE# D (Z5H /4 XD




I Pand Q_P values

.
o* % - .

% 0 . 4200

o -500 0 500 2 -500

P :l l'
. .‘ . -500 . e * -1000
¢ . o tofzs |,
® 1000 -1500
. -2000
*
-2500
-2000 -3000

BPSK modulation : + or - The data is decoded.
Navigation data (GPS LI-C/A) is 50bit/s.

You can see the data every 20 ms.



