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BPSK versus BOC Modulation

[0 Example of BPSK(m)
B PRN code rate: m x 1.023 MHz
I Ao I U B O = [ LI

Data Bits PRN Code Tran.smltted
Signal

| I

! l : - ' — I

[0 Binary Offset Carrier: BOC(n,m)
B The code is modulated by a square wave
B subcarrier frequency: n x 1.023 MHz
B PRN code rate: m x 1.023 MHz

[0 Example of a BOC(1,1)
[ o B O B e B o R RN R e R I A R

Data Bits PRN Code Square Wave Tran.smltted
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MBOC Modulation

D MBOC MOdUIatlon: G:‘/Ih‘()('(f) :%G.ﬂ'mb’()('(l.ll(f)+ﬁG.ﬁ'fnb’()('((a‘l)(f) or . P;Faije.
0 Galileo E1 CBOC A . : :
B CBOC(6,1,1/11) for both pilot and data E 1 — i
B 50%/50% power split pilot/data E;-; UWWW
O GPSL1TMBOC 81— & : &
1

B TMBOC(6,1,4/33) for pilot = | =
| : . — signal | |
= BoC(L1) for data 3 iRl Giss

B 75%/25% power split pilot/data S a b 8 10
Chip interval
-S0q — : : : . ; ; !
—CBOC(6,1,1/11)
é“ — BOC(6,1) Hich frequency component
v -60
=
(==]
= g >
£ 5
g -70+ . 5
S c
2 5
g -80 :g
2 Q Ol i Logh W . Lo A Wb L A o
=
77
T
d
=

-90 : | ——BPSK-R(1) :
: : ‘ BOC(1,1) !
m E 3 TMBOC(6,1,4/33) :
i i || =—CBOC(6,1,1/11) | !
1 | 0.5
0 -15 -10 10 15 20

-5 0 5 -800 600 400 -200 0 200 400 600  80C

Time (nsec
Offtset with respect to the carrier [MHz| i)



L

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

A

Main GNSS Recelver Blocks
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GNSS - Current and intended signals

12276 MHz 1575.42 MHz
M-Code M-C-}r‘._.e
BOC(10,5) BOC(10.5)
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1201.5 MHz 1248.0MHz 1602.0 MHz ,
GLONASS ; BLOMADD o, pLONASS
555: . ] BPSK|5.11) [, BPSK(5.11)
|
1176.45 Mhz 1207.14 MHz 1278.75 MHz

AtBOC(15,10) ESb-1 i,

Eba-l

Et,
BOC,(15,2.5)

E6,
BPSK(5)

ESa-Q E5b-Q

E5b-l, E5b-Q E5b-I, E5b-Q E6, E6,, E6. E1,
BPSK(10) BPSK(10) BOC..(10,5) BPSK(5) BOC.,,(15,2.5) 1)
Data rate: 250 sps Data rate: 250 sps PRS Service Data rate: 1000 sps PRS Service
0OS/ICS/SOL Services 0S/CS/SOL Services CS Service SOL Service
1207.14 MHz 1268.52 MHz 1561098 MHz 15689 742 MHz

COMPASS B3
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E COMPASS B2-

g2 COMPASS B1
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g COMPASS B1-2
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COMPASS
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Green and blue signals: Open or commercial signals Source: “GNSS Signals and Spectra,” ICG 1CG-4-02, Sept.4-7, 2007
Red signals: Military signals, Public Regulated Services

Grey signals: Usage of filed signal not yet defined officially (et of Gaoday and Havigation
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GPS Watch

[0 The beginning of the GNSS
adventure at IMT!
(from — 1995 to 1998)
B GPS watch’s goals:
[0 Dimensions: 57 x 47 x 20 mm3
[0 Autonomy=>1 year (watch)
[0 Low power GPS rx

g.
i
Al
4
3
:

B [IMT’s contributions:

[0 Low power receiver architectures
and algorithms

[0 Realization of a low power 12
channels GPS L1 C/A baseband
ASIC (<40mA using TSMC CMOS
0.5um)

[Far00] “GPS Watch -An Analogue Watch Including a Very Low Power GPS Receiver,” ION GPS 2000
[FirO1] “Design & Realization of a Low Power DSP Architecture for GPS Receivers”, PhD Thesis, IMT 2001
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GRDB  Galileo Receiver for Distress beacon (1/3)

[0 Cospas-Sarsat status (05.2009):

5 low-altitude earth orbit satellites (LEOSAR)
4 geostationary earth orbit satellites (GEOSAR)

29 mission control center (MCC)

406MHz beacon population: = 600’000

121.5/243 MHz processing ceased on Feb. 01, 2009
Persons rescued in 2007: 2386 (562 distress)
Since inception in 1982: 24798 persons

[0 Localization by LEOSAR (Doppler effect):
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GRDB — Galileo Recelver for D

[0 Galileo Contribution to Cospas-Sars:

B Galileo SAR Service

[0 Cospas-Sarsat space segment
replacment

Global and drastic reduction of
alert delay

New localization based on new
principles

e GALILEO ™%
Nav data and SAR 4
acknowledgement / ||

|

|

/f |
Distress || 44—
rnes.sogel <

O
O
O

Mavigation
data

Reduction of false alert quantity
(SAR RLM)

MECLLIT shaticn

BAR Miszion Control Cantra

Istress beacon (2/3)

[1 GRDB’s goals (2005-2007) e coter |
B Beacon prototype platform e e
[0 Galileo BOC(1,1) receiver [ﬂs {RH]
O Operations in presence of 20dBm/406MHz ot [+ et [T
O SAR RLM decoding and new operating tt
modes { . )
b vacimput kel

BUZZER/LED

I
\(
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GRDB  Galileo Receiver for Distress beacon (3/3)

[0 IMT’s contributions:
B Novel front-end architecture

VGA gain control
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[Cha07] “Galileo E1b,c RF FE for SAR applications,” ENC-GNSS 07

[Wae07] “Real-time Galileo E1 signal acquisition and tracking scheme”, ENC-GNSS 07

[BotO6] “Flexible Galileo L1 Rx Platform for Validation of Low Power and Rapid Acqu. Schemes,” ION GNSS 2006
[Cha06] “Galileo L1 RF FE Optimized for Narrowband Interferers Mitigation,” ION GNSS 2006 ® UNDERTAKING
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A Low-Power L1/L2C RF FE Architecture

T L1 lL2C LECT L1
W Noise floor . |_‘ IJ\ A
‘ = A . L1 image
L2c L1
( A / fLO f
bendpass . %l L1 L1
(1) filtzr TQ@; /\ f +_‘ |_| | /m f LPF e ﬁ! I:‘E
(a) r 3 T 0
sin{w,t)
"/ A1 /_\ f
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A 1
4 LzcLa2C
L‘ltgrfgre_ncgrﬂask 1 —_——
] \ / LPF
‘1 ' ‘l ! ¢
| I | |
| I | |
| 1 \ I
T:gir;neal ‘ l o h ‘{ ‘ _ ! I ‘
Lz2C L1
17 . I -
| :j | g Proposed low power solution:
[ ] — [ — ; . . . i
Nase | X e Shifted LO solution (without quadrature mixer)
image L2C image . . .
‘ | ’ » Selection using a Weaver architecture
L2 band H1band * Power consumption — L1 heterodyne FE

[Cha05] “A Low Power RF Front-End Architecture for an L1/L2CS GPS Receiver,” ION GNSS 2005
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GPS L1/L2 — CTI Prolect (1/2)

GPS L1C/A L2C receiver platform for time

1575.42 Loss(RG213)

1227.6

transfer applications (2004-2007) = 17dB/60m or
B GPS Disciplined oscillator (GPSDO) = 85dB/300m
B |lonospheric delay
B Accuracy & stability goals:
0 Max PPS error <25ns oex0
(over 24 hours w.r.t. UTC) GPS [«
receiver (]
O Mean MTIE < 40ns FPs aupt L 1|
(for interval over 1 week) Telecom
0 Holdover error < 7us eauipement
(after 24 hours, -20°C-70°C) Antenne
O Challenges: Fréquence
B  Small profile double oven P Récepteur Temps & Doppler Controle du
OCX0 (OSA) Fréquence 4 Incrément du
B RF signal transport (IMT) d’horloge mcr?melmqu ql;artz v quartz (digital)
i analogique i
B GPS L1C/A & L2C receiver design (IMT) O eterence |4 = Com By

B lonospheric error corections (IMT)

OSCILOQUARTZ ~ @imt KTI/CTI
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GPS L1/L2 — CTI Proiect (2/2)

0 Dual frequency front-end [0 GPS L1C/A L2C receiver
development development

L1/L2C active antenna RF module
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[Cha05] “Dual-frequ. RF FE for Long Antenna-GPS Receiver Links,” ION GNSS 2005
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Gamma-A: Galileo Receiver for Mass Market Applications in the _W;
Automotive Area

0 GAMMA-A’s goals: -50/ —chocEaiin
B 3-frequency receiver concept for = _, BOCE.D High frequency component
automotive applications %
O L1 GPS/EGNOS/ GALILEO ‘E LA
O E5a/L5 GPS/GALILEO 2 / | i _
O E5b GALILEO signals i, l A
B Innovation £ -0 l’ I [ P ]J [
. . = i |
[0 12 core technologies studied | \r’ . il \ HWH |’ \ , ”1f
. . -20 -5 -10 -5 0 5 10 15 20
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. . . ) OC}F( Input , Reference ) . ]
B Analyze possible tracking algorithms for e Ui
processing L A /{k S— e
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b
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[Jov09] “Analysis of Tracking Schemes for CBOC Signals and Their Performances,” ENC-GNSS 2009
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Signature: SImple GNSS Assisted & TrUsted Receiver

CB 3"\ TUREgmrm
Receiver

mobile platform Signature
Service Centre

Authenticated
GPS message

GPS signals

Integrity

[0 Signature’s goals:

B Prototype a GNSS based solution for flexible
road user charging providing high integrity in
a cost-effective and scalable manner.
[0 EPFL’s contribution: =

B Development of high-sensitivity
assisted receiver prototype

7

Qertte
~vse [5 Ve PHE
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SEVENTH FRAMEWORK

Sarbacan: SAR BeAcon development with CANada

[0 Sarbacan’s goals

B Development and validation
of 3 types of 406MHz SAR
beacons prototypes

B Including SAR RLM
processing and new MQPSK

Mav data and SAR
acknowledgement

Rascua Co-ordinofion Cantres

stofion

generati on I SAR ack message ,
[0 EPFL’s Contribution ‘-f - D
J—L = "ﬂﬂ
B GNSS receiver optimizations e
B Leading GNSS preliminary
designs
. Power
B Specific software GNSS rx level dBm 2nd acquisition attempt if
SOI utl on [ a;:quisition fails during the E .
40 _ _
. 20t | —tF—F-----
Maritime r } ’7 —‘ -
beacon ~7 "~ 50s t

Aviation beacon

—_——

. COG : Warm start
Personal beacon st 20min. or
Cold start if acquisition fails c
] during t1. —

ime  @blox

N T — AW waveD
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SNSF GNSS - Advanced Algorithmic and Architecture Designs for
Future Satellite Navigation Receivers

[0 Focus on algorithms for:
B High sensitivity
B Multipath mitigation

== Taking profit of new pilenualed 4
GNSS signals’ structures direct signal0
and properties

User ‘

‘A Transmitter

Channel  Code Rate Subcarrier Symbol Rate  Service
[Mchip/s] Freq.[MHz] [symbols/s]

o T ESa-1 10.23 15.345 50 F/NAV
= A1 A180s woer ESa-Q 10.23 15.345 No data Pilot
| . - ESb-1 10.23 15.345 250 I/NAV
R\p ESb-Q 10.23 15.345 No data Pilot
] 12 - -] Channel ~ Code length [chips]  Code length [ms]
£ 15 - St N S SR S Primary  Secondary
J ot e ESa-1 10230 20 20
L} KN R E5a-Q 10230 100 100
EE Bk . s ESb-I 10230 4 4
P T Tt Code Tecking o s E5b-Q 10230 100 100

E5 AItBOC(15,10) spectrum and correlation peak

[Taw09] “Full Design Approach for Non Real Time Galileo E5 Receiver,” ENC-GNSS 2009
[Par09] “Design of a GPS and Galileo Multi-Frequency Front-End,” VTC 2009 TN m

SWISS NATIONAL SCIENCE FOUNDATION
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Soft RX - Development of a GPS L1 software receiver

Carrier remaoval Code removal Accumulation ] e dataD 1]
® Ieany L] HINN
> Z Instructi D |_H:|l—l Instructi
Ipmm I nsiructons standard nsiructons
>® p - Z El I:‘ I: insljrrlf-’flion Sime El El
I ILate = HEN
lsa ’@ ) g B2 ] EEE
Q P—
—'>® Q .@ = 3 H Re;Llls mEE
. J. aQ Single Instruction Multiple Data (SIMD)
i Prompt . .
| '@ > 2 ] + data bit-depth independent
g 5 Qate -
E 3 _>® = IS platform dependerjt. |
o 5 E_ ] Integer Bitwise representation
§ 8 F | I Lol Toemzwerd ] |
Carrier PRN code E [“|‘|1| {rle 1] [magntwords | 3
v [LTe] ~PpLTelr] [sewed | 4
4—Lata— Time »

O 12 channel receiver with Fs = 4 MHz requires 3-108
additions and 4-108 multiplications per second

=> Solution: distributed arithmetic architecture

Bitwise Processing (or vector processing)
+high // and speed
- conversion into int

[Wae09] “Perfo of new correlation algorithm for platform-independent GPS soft rx,” ITM 2009
[Fre09] “Real-Time GNSS software receiver: Challenges, Status, and Perspectives,” ENC-GNSS 2009
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From GNSS rx develoements to UWB developments

1 UWB for high data rates short
range communications
B Shannon capacity theorem:
C~B - log,[1+P / (B - N)]
B E.g., for wireless USB, or for other
high data rates cables replacement
[0 UWB for low data rates low power
communications

B E.g., for sensors networks, for
Wireless Personal Area Networks
(WPAN)

[0 UWB for locating devices (tags,
nodes, etc)

B E.g., for manufacturing, geo-
fencing, etc.
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PX PosLoc: UWB-based Local Positioning System for Locating Tag

Transmitters
of T 1
2r 7 Tom, e @9
@{@@f P . e
3k —
F o i@ e
A & v & % @&
250mV
— Rec Ree3 [T Measured precision:
Emitter 2 03 4 5 6 7 8 9 67% (1 measure) etz ¢4GHZ
=> 0 £ 30.5 cm (phys) <> [T
=> 17.6 £ 20.7 cm (median)
] Y 67% (16 measures)
Rec 2 Reed => 0+ 19.7 cm (phys) _
’— Data Network W => 176 i 55 cm (medlan) b ! U 1 Ll al ]
PC
gy Ml TX ASIC measurements (CMOS 180nm)

[Mer09] “Programmable Rx for Communication Systems and its Application to Impulse Radio,”
Hindawi Research Letters in Communications
[Mer08] “Experimental Platform for an Indoor Location and Tracking System,” ENC-GNSS 08 G ROU P



L

ECOLE POLYTECHNIGUE —
FEDERALE DE LAUSAMMNE

EPFL-STI-IMT-ESPLAB

Dr. Cyril Botteron
GNSS & UWB Team Leader

EPFL-STI-IMT-ESPLAB
Rue A.-L. Breguet 2
CH-2000 Neuchatel

Email: cyril.botteron@epfl.ch
Tel: +41 32 718 3424



