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T v’ Context
0 o .
w — Need from the French public institution involved in the Earth
= Science field B
>'§ - Automatic Wat lit itori ﬁhrﬁ]
a2 utomatic Water quality monitoring g
Oz
oo

v" Current application limitations
— data loggers requiring manual downloading
— No « real time » sampling (e.g. monthly)

e,

v" Objectives

— Design of a remote sensor network :
* Autonomous low cost sensors
* Central receiver in a urban area (radio frequency interference)
* Emitter/Receiver range >10 km
« Daily sampling

« free Band (no fees)
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433 4332 4304 4B 4TB 434 4342 4344 4348 i 1 G ‘ ’
Frequency (MHz)
v
T, [ fi | BFT AT | &F Results
when | (MHz) | per hour | (s) | (kHz) — High RFI occupancy
1, day | 433.92 H2T77 0.3 1.6 — 95% RFI < 1s

2, night | 433.92 4549 0.36 | 1.58 : _
3, day | 434.2 5561 093 | 131 — Average duration AT: 30 ms

4, night | 434.2 567 0.32 | 1.33 — Average bandwidth AF: ~1,3 kHz
— Low activity during the night
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~acquisition and off-line processing

T

0 Antenna array

n v' Specifications \r \k \Y \r |

>3 — Short data frame (<100ms) Frequency down-converter .
a< ) o Real time
o — Daily transmission processing
oo

—
, . . Transmission Detector
Q — Don’t need a continuous reception >
—

—— Storage (Hard Disk) pF—54———————-

v' Concept t
— Selective acquisition by
: el RFI spatial filtering Off-line
detecting sensor transmission orocessing
— Data waveform storage
v — Antenna array for spatial Semodulation and
processing synchronization
v
Data frame
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T v Signal Hypothesis
(& .
2 urce s(t)e' 7o) Far field
2 M antenna range > 1km '
%% | F'e'd\\ @urce U, (t) = s(t — kr)e!@rot-kareo) - T
b1l : 3 %
o 3
o y . : :
Lo . u, (t) =s(t)e emfokrripogizz ot Narrow band
- % Afo
; —<x1
‘ fo

v/ antenna output
7 (t) \gk |27zfokr+|(pos(t)_|_n (t)
a,,
v Antenna array model

a'50

z()=| : |s(t)+ar®)+n(t) ;source s(t)
3 H/ 1 RFI r(t)

S SM\_(l‘ ) REl Noise

source
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2uufREME - cyclostationary detector (1)
\+J

T
(& Cyclic autocorrelation: R% ()= EJ x(t + 2)x (t — 2)e 2
2| @ (0 =Bt DX - 3)
>z v" Different cyclic signatures 0
o — Source (BPSK) , -k RE 0 +
6o - Baud rate 1T,  'or >3 | T2 > ¢
R“(0)'?‘
— Noise = stationary —> R« =0 > o
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v Multidimensional case Ry, =E{z(t)z" (t)e ">}
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- v Detector criteria
>2 — Singular value decomposition RY . = [I’ij } =U_A_.V,
a< ,
o=
m . .
Lo * With a =a, ,asymptotically :
o .
A, = 0 |::> Ao § threshold
i 0 O_Oo Issue =>Real time implementation
— Frobenius norm
M M 2. M
I}fl 2 . . 2
H = nl =2 A
k=1

=1 j=1

* With a =a, ,asymptotically :

R = = R

Z,7*
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Simulations (1)

v Detector performance evaluation
— Hypothesis

* No transmission: HO >  z(t) = \/;arr(t) +4/1— pn(t)

e Transmission;

» 4 detector criteria : |

* SNR = o2

— Performance criterion : Fisher criteria
_ ( E, [T (Z)] - Eqy [T (Z)])2
Var,, [T (z)]+Var,, [T (z)]
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H1> z(t) = 0,a,5(t) ++/pa,r(t) +/1- pn(t)

0 a
T(Z) 2,7 Z,2
T T
Dominant A A
singular . .
value classic cyclic
Frobenius
Norm T|: T|:
classic | cyclic
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+ Scenario 1 : 1 RFI + calibrated noise Scenario 2 : no RFI + uncalibrated noise
O

Noi alibrated, N=8192, ¢ .=1/T no RFI, N=8192, o =1/T,

I.I.l 105 E | 0|se(‘: ibrate | (1‘0 0 | E 105§ | | 0 ‘0 E
F o § A
:: g 10 L SNRs0dB gt o Di%ﬁ/ﬁ] SNR=0
n- g 1035 “““ 10" = N

3 SNR=-15dB

A

Fisher (log)

_Tk dsse| e P e m
10 g Teclassic 10° - [t T, classic 7
i %Tx cyclic """""""""""""""""""""""""" —8— T, cyclic 1
.1: —— Tcyclic —— Tg oyclie ]
10 1 0.9 0.8 0.7 0.6 05 0.4 03 0.2 0.1 0 10'12‘0 s 6 " 7 0 5 6 s 2 0
S:I:/ P ggiie noise fluctuations between antennas (%)
v conclusions
M
. 2 2 2
— Inpractice, T-<T, > HR‘Z"Z* A +Z|/1N k|
. Tdli= ’
— Cyclostationary detectors are k=1
robust ——> 0
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v" Objectifs . .
_ ) Simulations
— Focaliser le réseau B antennae , rapport elgnal eur bruk<+broullleur inklal 23051148
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v' Méthode de Capon
— Puissance recue

s focalisée
y(t) =w"z(t) I - nuling
O signal
= <|y(t)|2> =w"Rw f L brouer
— Critére de Capon fcaisée nuling

50

min, w" Rw

amplitude (lineaire)
amplitude (lineaire)
o

avec wHa, =1

0 100 200 300 400

Solution g g
1 (;g ;g)
R aS L w w ‘ 40 ‘ ‘ : : ‘
= v ) 0 02 04 0.6 08 1 0 0.2 04 0.6 0.8 1
a R a STlC 2011, SEETF@W:ISFEI'&HCG fréquence normalisée
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w v'Cyclic approach is robust against RFlI

= and uncalibrated array

>z

A<

o=

oS v'Sensor emitter and relay station have

been designed [

v'Practical tests with simple receiver
(no spatial processing) have shown
that long range transmission are very VN
difficult due to RFI A
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v'Next step : implementation of the
proposed approach

STIC 2011, St-Etienne, France



‘1 CONFEREMIE DES

Masteére Spécialisé O seurr=er ¥egiranes
Capteurs & Geéosciences

Le sol intelligentau service de l'intelligence du sol

i.I % de la thématique
D dans IeiMS En partenarlat avec .
w 1
100% - it
-, @ INA Oenag
a1 Mastere Spécialisé &
(=] = Capteurs & Géo @ o @@
m O §‘ § m §-%..m- .%
: g2 A T
e b :rc:;;l::;os?m I} Analyse L :W's“m gg fco techaologies

_I

Le cpele g eau Agriculturs et Envirornement

de precision i "

Observation et
surveiifonce des
milieux profonds

otechnigue
Enie civil
T

Sites et
sois poliugs

STIC 2011, St-Etienne, France




