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RF Interference Analysis in Aperture Synthesis
Interferometric Radiometers: Application to
L-Band MIRAS Instrument

Adriano J. Camps, Ignasi Corbellslember, IEEEFrancesc Torres, Javier Bard, and Joan Capdevila

Abstract—Current spaceborne radiometers do not achieve the where kg is the Boltzmann constanB, » and GG, » are the
required spatial resolution demanded by the scientific community noise bandwidth and the power gain of the receiving chains
due to antenna-size technological limitations. In recent years, Fig. 1(b)], Q1.2, and F,1» (£,7) are the equivalent solid

several space agencies have been studying aperture synthesi . -
interferometric radiometers as a way of overcoming these lim- ngle and the normalized radiation voltage patterns of the

itations, which are more evident at low microwave frequencies antennas, assumed to be located over.thie plane, and( ) .
(e.g., at L-band), where sea surface salinity and soil moisture can stands for the time average operator. The directional cosines

be monitored. Interference is an important issue in any remote (£, 7) = (sin f cos ¢, sin 8 sin ¢) are defined with respect to the
sensing instrument, but it is crucial in microwave radiometers, x and}” axes respectively, arid, is the so-called fringe-wash
since the signal being measured is the spontaneous thermalg,qion \which accounts for spatial decorrelation effects and

noise emission. Interference analyses already exist for classicd d h lized f o f
radiometers. The objective of this paper is the analysis of RF dePends on the normalized frequency respobse(f) 0

interference on interferometric radiometers. The study involves €ach channel [1], [2].

the analysis of possible interference sources that may affect the  The complex cross-correlation of the random analytic sig-
performance of such systems at L-band: 1) nearby emissions from _ Jén o () ea) i R
radars, non-Geo-Stationary Orbit (GSO) and Mobile Satellite nalsijlfr(t%t_w&rg(tl)er (rtrh?r?ar: ncb)lssg Is:i’r:mii”yﬁom o
Services (GSO-MSS), 2) harmonics of lower frequency emissions, PUt€d Irom two real cross-correfations between the in-phase a

and 3) possible jamming. quadrature componenig.(t) andg; o(t)
Index Terms—interference, interferometry, radiometry, remote
sensing. Vig = (i1(t)i2(2)) + j(i1(t)q2(2))
i1,2(t) = S1,2(t) cos(¢1 2(t
|. INTRODUCTION q1,2(t) =51 2(t) sin(¢1 2(2)) 2

HE basic measurement of an interferometric radiometer )

(InR) is the so-called visibility functioV;» in units of ~ Whenan arbitrary interferenég(t) = 5;(t)e/# (") is present
Kelvin, obtained from the complex cross-correlation of the siganalytic signal), the complex cross-correlation is given by
nalsb, (¢) andba(t), measured by two antennas denoted 1 and

2 [Fig. 1(a)]. Antennas are located above tki@" plane and vimert — (G (#) 4 4,(8))(da2(t) + 4 (¢ — ta,)))

spaced a _norr_nalized distan(:elg_,vm) = (22 — 21,92 — (G () + 4 (D) (@) + ai(t — ta)))
/Ao, ihich s called the baseine [l 121 — [ea (B)ia()) + G (1)t — ta,)]

Viz =Viw, vi2) = o oy a0 () + il (Og2(0)) + (D)t — ta)]
é 1 // =Vei2 + <Lz(t)Lz(t - td;))
\/9192 +J[V;12 + <[’7(t)Q7(t - tdz)>]
§2+n?<1 . interf -y7interf
=Vio + jVieo + [V 45V )

TB(¢, . .
y %Fnl (67 n)FnQ(gv 77)7)12
s wherei;(t) = S;(t) cos(¢; (%)), q:(t) = S;(¢) sin(¢;(t)) are the
&= h S & S & h
. <_ u12§ + vm??) exp(—j2m (w126 + vi2n)) d€ dn in-phas_e and quadrature compor_1er_1ts of the interfering signal,
fo andt,, is the difference from transit times from the interference
(1) source to the antennas, which can be expressed as a function
of the location of the interferendé;, »; ), the baseline, and the
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Fig. 1. (a) Two antennas of an interferometric radiometer which form a baseline. (b) Baseline diagram: two receiving chains and a complex correlator.

cross-correlatiom1o, measured with 1 bit/2 level (1B/2L) dig- Applying Price’s Theorem and following a similar procedure
ital correlators [4] to the one described in [5], the normalized, complex cross-cor-
relation can be computed from

Zy12 = (sign(iy(t)) sign(iz(t))) (5a)
Zj12 = (sign(z19t)) sign(q2(1))) (5b) Zmterl _ 2 /M“Z 1
— (7 iain (T o " T Jo V1—s?
e = sin (3 Zriz) 5 (5 2 12 + (L eos(¢) = Qsin(¢/))”
V + ,‘V. ’ . /
_ r12 + V512 (5¢) . _ —2I(Icos(¢’) — Qsin(¢'))s d
V(Ta +Tri)(Ta + Tro) P 20%(1 — s?) ’
where T4 is the antenna temperature, afitk; » are the Ny (A
receiver’s noise temperatures of channels 1 and 2. Since the +erf< [ ) erf<ICOS(¢) @sin(¢ )> (8a)
normalized cross-correlation is computed through the nonlinear Wg/ia V2o
function sigiiz), the effect of interference cannot be directly zinterf — 2 / 1
evaluated (3). ’ 7 Jo V1—s?
I? +(Qcos(¢') + Isin(¢'))?
Il. RF-INTERFERENCEANALYSIS —21(Qcos(¢') + I'sin(¢'))s
-exp | — > 5 ds
Inthe presence of an arbitrary interference signal, the normal- 20%(1 = 5%)
ized complex cross-correlatigrinterf;» measured with 1B/2L , ]
digital correlators, is given by + erf( ! ) erf <QCOS(¢ ) + I'sin(¢ )> . (8b)
V20 V20

Z35 =(sign(i (£) + i,(0)Siglia(t) + is(t — ta)))  (62) | | s
Z;r{téerf =(sign (e, (£) + 7;(£))sign(gz(£) + qi(t — ta,)))  (6b) If the amplitude of the |r.1terfere.nce. S|gnall is much smaller
PR S Rz than that of the thermal noise, which is true in most cases, the
piz " =sin (gzﬂéﬂ ) + jsin (§Z}T'zer ) : (6c) main effect is the offset term described in (8). In this case,
erf(x) ~ 2z /+/x, and the offset term is approximately
For arbitrary interfering signald;(¢) (6) does not admit a
closed-form solution, except for a CW interference. In this casgoffset _ golfset | jgoffset

12 i,12
bi(t) = Ai@j@ (7a) ~ % f—g cos(¢;) exp(jpi) exp(—j2m (w126 + vian))
ii(t) = Ajcos(i) 21 (7b) 9)
() = A; sin(¢); 2 Q (7¢)
ii(t —ta,) = A; cos(¢h — 2m(u12€ + v12m)) and
2 A cos(di + ¢') = Tcos(¢)) — Qsin(¢) (7d) et A? . .
qi(t —ta,) = Aisin(¢; — 2m(u12€ + v127)) pip" " A~ — cos(¢n) exp(ji) exp(—j2m(uro€ + viam))-
2 Aisin( +¢') = Qeos(¢') + Isin(¢?)  (7e) (10)
where¢/ = —2n(u12€ + v12m). The interference [(7b)—(7e)] Equation (10) corresponds to the normalized visibility of a

appears as an offset term added to the in-phase and quadrgtoret source located at the position of the interference source.
components [(6a), (6b)]. From (10), it is clear that the worst case occursd$gr= 0°,
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Fig. 2. Normalized cross-correlation; ,, (for ¢' = 0°) or uj,, (for ¢’ = 90°), under sinusoidal interference versus interference-free normalized
cross-correlatiofy .12 or p;12) for () 20 - log(A; /o) = 0dB, (b) 20 dB, (c)—40 dB, and (d)-60 dB.

for which the amplitude of the offset is maximum. In this casend so does (11b) fa5' = 90°. The normalized complex vis-

I =A;,Q = 0and (8) reduces to ibility can then be obtained from (6c). Fig. 2 plots,o for
¢’ = 0 and for different values d20log(A; /o). Note that the
9 [rrie 1 error in the measured normalized visibilities is mainly an offset
Zmtert _ 2 term (10), whose maximum amplitude is approximately equal to

rl2 - - /—1 — 82 ) -
0 ’ Y o ) , (A;/o)?. Consequently, if the error due to the interference must
. exp <_ A7 + Aj cos™(¢f) — 24 cos(¢ )5> ds  be lower than 16%, and the noise power is abotd100 dBm

202(1 — %) (02 = kpT4 B, T4 ~ 150-300 K), the power of the interfering
+erf A; orf A; cos(¢) (11a) sinusoidal signal must be lower than abe#0 dBm.
V20 V20 The effect on the brightness temperature image recovered
P I 1 from (1) is a bright spot in the direction of the interference (10).
Zjiz = ~x o Vios In the case of other types of interference signals, the effect is
A2 4 AZsin?(¢) — 242 sin(H)s more complicated and would require a detailed numerical anal-
cexp | —— ’ ’ ds ysis for the particular type of interfering signal.
202(1 — s?)
g — S
A; sin(¢")
+erf <\/§U> € f( V20 (11b) [Il. APPLICATION TO L-BAND INTERFEROMETRIC

RADIOMETERS

which depend on the position of the interference and the baseThe Electronically Steered Thinned Array Radiometer

line (¢' = —2m(u12€ +v12m)). In the case of an interference a{ESTAR) and the Microwave Imaging Radiometer by Aperture
boresighty’ = 0°, and (11a) reduces to Synthesis (MIRAS) instruments are L-band one-dimensional
(1-D) and two-dimensional (2-D) interferometric radiometers
o itz 1 A2 planned for operation in the 1400-1427 MHz band, protected
zmtert _ =2 ————exp <—27’> ds for passive observations [6]. In practice, although there are no
T Jo V1—s? o*(1+s) transmitters in this band, systems operating at other frequencies
+erf < ) may interfere with them. As a first approximation, there are
V2o three types of interference sources, listed as follows.
:E arcsin(fiy.i12) €xp <__;2 1 ) 1) Nearby ban_d emissions_are high power tran_smitters
7r 0% 1+ pir12 whose spurious harmonics are not properly filtered and
Lerf < A; ) (12) are radiated in the protected band. The most important
V20 ones are L-band radars transmitting high power levels in
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Fig. 3. Situations to be considered in the interference analysis: (a) Interference from spurious falling in the protected band and (b) intesfereadiecheters’
filters rejection.

the 1200-1400 MHz band. Other systems to be consid-n pulse width- = PRF;
ered are: GSO-MSS (e.g., INMARSAT), non-GSO-MSS @G, transmitter's antenna gain in the emission direc-
(e.g., Iridium), Military Tactical Services, etc. tion of the interference;

Two different situations have to be taken into account G InR antenna gain in the direction of interference
in the computation of the interfering power lever: a) spu- reception;
rious harmonics falling inside the 1400-1427 MHz band g, . . total distance between the transmitter and the
for which the interfering power level set by transmitter’s InR (either a direct path or a two-way path
output filter [Fig. 3(a)] and b) spurious collected due to through a ground reflection);
the finite rejection of InR RF filters [Fig. 3(b)]. antenna gain in the direction of interference re-

2) Out of band emissionsconsist of VHF and UHF systems ception;

whose harmonics fall into the 1400-1427 MHz band (€. the case of Fig. 3(a) or (b), the attenuation of the spurious

MSS, broadcast satellite services, meteorological satflquencies at the transmittg, ) or filters selectivity( R p )

lites, military services, etc). must be accounted for, as well as the ground reflection coeffi-

3) Jamming or deliberate emissions at the 1400-1427 MHgjent (L, . ;... ) in the case of interference through a reflection

prohibiteq band may occur, but the authors are not awgig,, Ry, Lyefieet < 0dBin (13)].

of potential sources. In the evaluation of (13), the parameters of a typical L-band

In the next sections, each interference source is analyzedair surveillance radar [8] have been usgg: = 1250-1310
MHz and 1350-1355 MHz, 3 ms pulse width, 365 Hz PRF, peak
power 1.8 MW, antenna gain 36.5 dB (maximum at an elevation

1) Interference from L-band radarsRadars transmit high of 5°), and spurious attenuatidn, = —55 dB (worst case). The

power levels from some hundreds of KW to 10 MW. Basicallynain parameters of the InR are the ones corresponding to the
two types of high power amplifiers (HPA) are used [7]. MIRAS demonstrator instrument, as listed in Table II.

1) Cross-field amplifiers (CFAS) (e.g., klystrons and mag- @) Radar spurious frequencies in the 1400-1427 MHz
netrons), generate power levels up to 10 MW, but haveband: Equation (13) needs to be evaluated for different relative
“dirty” spectral signature with a 55 dB spurious frequenpPositions of the ground radar and the InR [Fig. 4(a)]. The InR
cies rejection (worst case). boresight direction corresponds to (0,0), the radar is located

2) Solid state amplifiers (SSA's) generate low power leveR§ €ach coordinate, and its antenna pattern is pointinggto
(up to 100 KW) with a clean spectral signature (90 diResults are presented in Fig. 4(b). As expected, due to the shape
spurious rejection). of the radar antenna pattern, locations along the MIRAS ground

Table | summarizes the performance typical of some L-baff@ck cause the largest interference. The boresight direction is
radars and their applications. plotted using a small circle at (0,0). The error regiers 10—,

The average interference power collected by the InR anten&& =~ —140 dBm) ande = 1072 (Pr ~ —120 dBm) are
can be computed from represented by two solid lines. From Fig. 4(b), the following

can be concluded.

A. Nearby Emissions

p_p nA2GLGrr L, (L ) (13) 1) Since the radar antenna beamwidth is usually much

" 4xR2, o | Repr reflect): larger in the vertical plane than in the horizontal one, the

area where the interference is maximum is along the InR
where ground-track {-axis, Fig. 4(b)].

P, interference power received at the InR; 2) Due to the wide pattern of the InR antennas, the inter-

7 duty cycle of pulses transmitted; fering radar creates the largest interference when it points
P, transmitter’s peak powe; at the InR (elevation angle of b

7 pulse width- = PRF; 3) The maximum interference occurs when the radar is lo-

lambda  wavelength of the interference; cated 1500 Km away from the boresight direction. In this
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TABLE |

POSSIBLE INTERFERENCES FROMNEAR-BAND EMISSIONS AND HARMONICS. H* HARMONIC NUMBER (IF ANY)

0

L-BAND RADARS Applications Peak Power Freq.Band H
Model [MW] [MHz]
AN/FPS-series
AN/FPS-8', 66%, 882 107° Long range air surveillance. Commercial 1-10 1250-1380 -
AN/FPS-1177, 124 airports 1215-1400 -
Military bases
ASR-series
ASR-7*, 8!, 33° Airport Surveillance Radar 0.425-1.4 2700-2900 -
ARSR-series
ARSR-12, 22, 3!, 8057 Air Route Surveillance Radar 4-5 1215-1400 -
Air Traffic Control (ATC), airspace defense.
Others
TM23 MA', AASR-804° Airport Surveillance Radar 0.5 1250-1370 -
AVIA-C!, ATCR-2T2 4T2 22°, 447 Air Route Surveillance Radar 0.5-2 1250-1400 -
TARS? Tethered Aerostat Radar System 1432-1435 -
Guide syslem3 Guided weapon system.Mil. 1427-1435 -
MOBILE AND NAVIGATION
SATELLITE SERVICES.
Service Freq. band [MHz] H Comments
mss? 235-322 5
Mss* 335.4-399.9 4
non-GSO MSS (lridium)” 1390-1400 - Up-links to control and track satellites.
non-GSO MSS (Iridium)*’ 1427-1432 - Down-links to control and track satellites.
GSO MSS (Asia Cellular System ~ACeS)" 1525 - 1559 - Down-link service
GSO MSS (INMARSAT)"!! 1535-1543.5 - Satellite-ship down-link.
OTHER SATELLITE SERVICES
Broadcast satellite service ® 620-790 2
Meteorological satellites ¥ 460-470 3 Space to Earth communications.
Space Operations 8 Earth to space commands. Allowed in all
1427-1429 - regions except region 1.
Space Operations * 1525-1535 - Telemetry. Allowed in all regions.
Space to Earth communications.
Earth Exploration Satellites 8 1525-1535 -

GPS Nuclear Burst Detection *

1378.55 - 1383.55 -

Informs about nuclear detonations around
de world.

GPS Range Applications Joint Program 1350-1400/ - Re-broadcasts real time positioning

Office Data link System * /1427-1435 - information of high velocity manned and
unmanned airborne platforms during test
and training operations.

Unprotected radio-astronomy® 1350-1400 ITU-R, RR 720

Fixed Service’ 1432-1435 Support of proficiency training using
tactical radio relay systems at specific
Army bases

Mobile service * 1432-1435 - Air-to-ground telemetry and ground-to-air
remotely commanded links to support
various operational and testing programs
mainly at military electronic test ranges.

LAND SERVICES Freq. Band [MHz] H C t:

TV broadcast’” 470-790 2 UHF TV transponders around the world.

Military services® 138-144 10 Some military services use this band to

support air-to-ground, air-to-air and air-
ground-air tactical communications; air
traffic control communications; LMR
(Land Mobile Radio) nets for sustaining
base and installation support; and for
tactical training and test range support. The
Navy's AN/URY-1/2/3 provides data
communication required to down-link
tracking and instrumentation data from and
aircraft or a ship.

'[71, 1181, 101, *[15], °[16],

TABLE 1l

MIRAS DEMONSTRATORPARAMETERS [22]

°[81, 71171, *1191, °[11), "(13),

11[20]’ ]2[21]’ 13[6]

4) If the spurious rejection id., = —90 dB (instead of

—55 dB), the interfering power level is always

smaller than-145 dBm for any radar location, and the

induced error is negligible.

b) Interference due to filters’ finite rejectiontnR RF fil-

L, =
Orbital height 672 km
Tilt angle 49.37°
Antenna gain 9dB
Half power beamwidth 60°

ters are responsible for rejecting the power from out-of-band
emissions. These filters are designed to have high selectivity.
The specifications for the MIRAS demonstrator instrument are

situation, the induced error is larger than—tOwvhen it summarized in Table Ill [9]. In addition to the filters’ selec-
is located at distances smaller than 70 Km from the Intity, the insertion loss introduced by the antennas’ out-of-band

ground-track.

mismatch must be considered. The evaluation of (11) for the
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Fig. 4. (a) Geometric description of the problem (top view) and (b) map of interference power level.

TABLE I TABLE IV

SPECIFICATIONS OFMIRAS BAND PASS FILTER [9] PARAMETERS OF AAN/FPS-24 P-BND RADAR
Parameter Specification  Unit Model AN/FPS-24
1404-1423 MHz Ripple (3dB att.) 0.2 dBpp Frequency Band 214 -236 MHz

o Pulse Width 6.18 us

1400-1427 MHz Rejection >25 dB
1305 -1432 MHz Rejection 540 dB PRF 278 Hz
1380- 1450 MHz Rejection >80 dB Peak Power (7)) 5MW
1200 -1600 MHz Rejection >100 dB 6" harmonic rejection L, ~-100 dB
10 - 95000 MHz Rejection (non-defined) dB Antenna gain 30 dB

AN/FPS-8 radarf; = 1380 MHz,P, = 1 MW, andRpprr =  other, which corresponds to an elevation of the GS antenna beam
-80 dB shows that the interference power level is always smallgr33° |n this case, the interfering power level® ~ —107
than—-142 dBm, thus introducing a negligible error. dBm, which is much larger than the 10 error threshold. Of
2) Interference from Nongeostationary Orbit Mobile Satebourse, this result relies on the assumptign= —30 dB and
lite Services (MSS's)Several institutions and companies havgas to be taken conservatively, since better values are expected
asked ITU-R for permission to use the bands adjacent to §aeapply for GS. Assuming that the Blackmann window is used
1400-1427 MHz band for new fixed and mobile commercigh taper the visibility samples, the side lobes of the equivalent
and consumer communication applications [10]. The proposggay factor (or impulse response [24])-it6.5 dB,~18.4 dB,
usage of these bands is and-19.8 dB appear at 2.613.42, and 4.92 from boresight.
1) 1390-1400 MHz: Earth-to-space links; In the first and last cases, the region around the interference is
2) 1427-1432 MHz: Space-to-earth links for non-GSO MS&hout 92 kmx 50 km, and 175 kmx 95 km, respectively, for
systems with service links operation below 1 GHz.  which the errors will be 0.004 and 0.002. Although this accuracy
One of the most important matters of these new services is thisienough for some land applications, the induced error may be
potential interference on the band 1400-1427 MHz protectsdvere for the recovery of sea surface salinity, for which an ab-
for passive observations. Some studies have been carried odinite accuracy well below 1 K is required.
assess the compatibility between the proposed services and this b) Feeder downlinks (space-to-Earth) in the 1429-1432
protected band [11]. The possible interference of uplinks aiMiHz band: Two possible scenarios have to be analyzed when
downlinks is studied in this section. calculating possible interference from down-link feeders: di-
a) Feeder uplinks (earth-to-space) in the 1390-1393 MHect interference and interference from power scattered over the
band: The purpose of the Ground Stations (GS) network is tarth’s surface.
track the MSS constellation. Typical GS parameters are [11]:The parameters of non-GSO MSS satellites needed in (13)
P, =10 W, 30 dB antenna gain, and, since the spurious frequeme [11]: polar orbit height 765.37 Km, antenna gathdB at
cies are so close to the carrier, their rejection is estimated tode- 0° (boresight), and +2.5 dB @& = 60°, transmitted power
L, =~ —30dB. F, =1 W, and spurious attenuatidn, = —30 dB.
Among the large number of possible relative orientations be-In the case of direct interference, the maximum interference
tween the GS and the InR platform, the worst case occurs wheower occurs when the antenna of the non-GSO satellite is
ever the GS antenna and the InR antennas are pointing at ga@imting at the InR, and the non-GSO is over the InR. Even
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TABLE V
SUMMARY OF MAJOR INTERFERING SOURCES

System Typical P, at InR Antenna Correlation error
e >10* e 2107
L-band radars -110 dBm YES YES
GSO MSS (satellite-ship link)
Direct interference -155 dBm No No
Interference from scattering -150 dBm No No
non-GSO MSS
Up-link -110 dBm (*’ ®
Down-link: -145 dBm No No
Direct interference -150 dBm No No
Interference from scattering
TV transponders -155 dBm No No
P-band radars -155 dBm No No

™ Negligible for L, < -60dB, Important for spurious rejection L, = -30 dB

given the close distance between both satellites, the InR anter ~ ° T '
pattern attenuates so highly that the interference power le\
reaching the InR platform through direct path,. < —147 20} : , fo
dBm) can always be neglected.

In the case of scattering over the Earth’s surface, the intes
ference lies within the InR antenna’s main beam, but the larg £
path attenuation reduces the interfering power level to a neg§
gible value(P,. < —152 dBm). 60

3) Interference from GSO sytem$he primary mission of
the INMARSAT system is to provide a communication servicig :
to ships and maritime platforms using three Geo-Stationa% o ' : ]
Orbit (GSO) satellites over the three main ocean regions, wi .
global beam coverage in each zone [12], [13]. Several lint -100} : . ot

40 [ H N _

z relative to

must be considered.

1) satellite-to-ship downlink (1535-1543.5 MHz) and -'%;
ship-to-satellite uplink (1636.5-1645 MHz); fIMHz)

2) Satelllte_to_Shqre stations QOwnllpk (4195-4199 Ile%)ig. 5. Typical spectral signature of a P-band long-range search radar [23].
and shore stations-to-satellite up-link (6420-6424 MHz).

This communication _provid_es the link from the MSS a) Terrestrial UHF TV-transpondersThe UHF band is
network to the Public Switched Telephone Networ ey devoted to the broadcasting of TV signals over a local
(PSTN) and the Public Land Mobile Network (PLMN). 504 Typical parameters of TV transponders are [14]: maximum

The frequency band most likely to generate interference,tfégsln;'téeBd p?wer 10 W ﬁ_pr)]urlous _reject|_o? bfett_er than 60 _?_3
the satellite-to-ship downlink because of its proximity to th&" antenna gain. The maximum interfering power (

1400-1427 MHz band. As in the case of non-GSO Satellitégansponder pointing directly to the InR antennas at an elevation
direct interferences and interferences from scattering over le of 5) can then be estimated to be smaller thah4 dBm

Earth’s surface are possible. However, for INMARSAT's EIR 1)’bWhFI>CE IS gomgletglg Eegléglblée. | h
= 39 dBW, assuming a spurious rejectioniof = —40 dB ) P-band radars: P-band radars are long-range searc

(worst case) and filter specifications of the MIRAS demofgstems operating at VHF. Their major characteristics are their

strator (Table 1ll), neither direct interference nor interferen gh OUtpUt_ pov‘iﬁr and h|gr1tharrr]10r1|c lelsggnséﬁgd 5).T'I;]ab!e
from scattering nor interference due to InR RF filters’ seleé— summarizes th€ parameters of atypical F-band radar. The in-

tivity would produce an interference power level larger thalis?rferenc_e power Ieyel Is then est|mat¢q to be smaller+l155
~150 dBm. dBm, which again, is completely negligible for InR operation.

10°

4) Harmonics from Lower Frequency EmissionSystems
operating in lower frequency bands may interfere within an
L-band InR through the emission of harmonics. Since thereln the first part of this paper, the effect of RF interference on
are many types of VHF/UHF transmitters, our analysis halse performance of interferometric radiometers has been studied
focused on two high power sources: terrestrial TV transpondéhgoretically. The study has been applied to the analysis of a si-
and P-band radars. The level of harmonics with respect to thiesoidal interference and an InR using 1 bit/2 level digital cor-
carrier depends on the selectivity of the transmitter’s filter, thelators, which are planned for the MIRAS demonstrator instru-
linearity of the high power amplifiers, etc. ment, due to their lower power consumption and ease of inte-

IV. CONCLUSIONS
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gration. It has been shown that, as it is common for low correlafi9] w. L. Morgan,Communications Satellite Handbqdk89.
tion values and interference power levels, smaller than the noigé®! R. G. Gould,Communications Satellite Systems: An Overview of the

. . . Technology New York: IEEE Press, 1975.
background, the main effect is an offset term added to the eSIfZl] B. Miller, “Satellites free the mobile phonelEEE Spectrumvol. 35,

mated correlation. The amplitude of the offset is proportionalto  pp. 26-35, Mar. 1998.
the interfering power level, and its phase corresponds to intefé2] The MIRAS demonstrator. AnnexHuropean Space and Technology

n ixel | fi Center (ESTEC), int. doc., 1998.
erence pixel locations. [23] D. White, A Handbook Series on Electromagnetic Interference and

In the second part, possible interference sources at L-band Compatibility, 3rd ed. Gainesville, FL: Don White Consultants,
have been analyzed and evaluated for typical systems: 1) nearEzy 1981, vol. Section 2.3.

.. 4] J.Bara, A. Camps, F. Torres, and |. Corbella, “Angular resolution of two-
emissions from L-band radars, non-GSO and GSO MSS, 2) har- dimensional hexagonally sampled interferometric radiomet&adio

monics of lower frequency emissions, and 3) possible jamming,  Sci, vol. 33, pp. 1459-1473, Sept./Oct. 1998.
which may or may not be deliberately generated. Table V sum-
marizes the worst case values of the interference power levels

for typical sys.telfns. Note that3 since the imerfering power I’:'-’Ve/lﬁriano J. Camps received the Ing. and Dr. Ing. in telecommunications from
are always within the dynamic range of the receivers, they ahe Polytechnic University of Catalonia (UPC), Barcelona, Spain in 1992 and

not expected to saturate the front-end and produce only a bri¢/R6: respectively.

ixel he i " | . = Ilth ible i f In 1991-1992, he received an Erasmus Fellowship to study at the ENS des
pixel at the interference location. From all the possible inter €felécommunications de Bretagne, France. In 1993, he joined the Electromag-

ences, the most important ones are generated by L-band radatiss and Photonics Engineering Group, Department of Signal Theory and

due to the high levels of transmitted power, which may interfef®@mmunications, UPC, as an Assistant Professor, and has been an Associate
' Professor since 1997. Since 1999, he has been on sabbatical at the Microwave

; —2
Inan are_a of 80 kﬂ?< 700 km (err0r> 10 ) fand nqn—GSO Remote Sensing Laboratory, University of Massachusetts, Amherst, as a
MSS up-link transmitters (due to the low spurious rejection andkiting Professor. His research interests are focused on passive and active

to their proximity to the 14001427 MHz band) which may jnmicrowave remote sensing, particularly the MIRAS instrument, currently
. _’2 approved by the European Space Agency as an Earth Explorer Mission under
terfere in an area of 50 Km 92 Km (error> 10~<). the name of SMOS.
Dr. Camps received the second Spanish National Prize of University Studies
in 1993, and in 1997, he received the INDRA award for the best Ph.D. in re-
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