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Abstract—Transmitters (=Tx) on-board a satellite generate a
electromagnetic environment with potential impact @ victim
receivers (=Rx, e.g., instruments) placed nearby. riSuring
Radio Frequency Compatibility (RFC) on-board a satéite is
hence an important point to be considered during dallite
design and requires an optimized satellite configuation. This
contribution concentrates on RFC issues in practidasatellite
design by considering the future MetOp-SG meteorolgical
satellites: First, an overview is given summarizinghe various
transmitters and instrument receivers on-board thesatellites.
Then, the fundamentals of RFC analysis are preserdeshowing
the method how to compute the coupling factor betven a Tx
and a victim Rx. To improve the decoupling, MetOp-&
satellites are housing dedicated baffles between Tand Rx
antennas. Therefore, the contribution finally studes in detail
the signal attenuation caused by a baffle by compang two
methods: field simulation and an extended knife-edg
diffraction theory. By combining both methods, the overall
engineering and computation effort to optimize thebaffle
design is minimized.

Keywordss MetOp-SG; Radio Freguency Compatibility;
coupling factor; knife-edge diffraction; baffle attenuation.

l. INTRODUCTION

Earth observation satellites typically house aetsriof
transmitters and very sensitive instruments
Hereby, the signal is transmitted / received vidickted
antennas. Instruments may, e.g., sense the Eanthsphere
while the collected data is transmitted towardsu@cbby the
on-board Tx antennas. It has to be ensured that
instrument receivers work properly in the electrgnetic
environment generated by on-board Tx antennas.rbans
that the remaining signal at a victim receiver tease below
a specified value. As the dimension of a sateltén the
order of only a few meters, the distance betweemritk Rx
antennas is quite small which makes it challenging
achieve Radio Frequency Compatibility (RFC) on-doar
satellite.

Therefore, the configuration of a satellite has b®
optimized w.r.t. RFC, which means that the posgtiand the
orientations of Tx and Rx antennas play a significale.
Even in an early project phase, this aspect hadeo
considered to minimize the need for configuratibarges in
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a later project phase. The approach is hence tmedef
preliminary configuration and to run an RFC anayshich
investigates the coupling between critical Tx anad R
combinations. In an early project phase, the unied
signal at a victim receiver shall be well belowpftally 20
dB) the maximum acceptable value, whereas therdiffe

is called RFC margin. On the other side, a satellit
configuration will not only be optimized w.r.t. RE©ther
aspects (such as center of mass, minimization afielka
length etc.) have to be taken into account and edd to
some configuration changes. In the end, a comprmil
be required ensuring positive margins in all coesd
disciplines.

As the optimization exercise is typically not finéd in
an early project phase, the approach is to run BE& R
analysis based on a preliminary satellite confitionaand to
aim for high margins. After the global optimizatierercise,
the remaining RFC margins may be lower, typicabipe 6
dB and thus still fulfilling the needs.

This contribution is an extended version of [1] and
considers RFC aspects for the future MetOp-SGlgasel

The European MetOp meteorological satellites ctigyren
in orbit will be replaced after 2020 by follow-omtsllites
with advanced instrumentation. MetOp-SG will ensure
observations until approximately 2040 [2]. Aftercsassful
finalization of ESA Phase A/B1 study by Airbus Defe

and Space, the company has been nominated by
t UMETSAT / ESA as prime contractor for the provisiof
e space segment of MetOp-SG. For this purpose, tw

satellites (Satellite A and Satellite B) with diat scientific
instruments are currently under development. Eatéllie
houses a variety of transmitters and instrumeneivecs
being sensitive in the RF frequency range. Henosuring
RFC on-board the satellite is a major challenge.

Section Il of this contribution gives an ovewi of the
different transmitters and receivers on-board the@p-SG
satellites. To improve the decoupling between aaitiTx /
Rx combinations, the satellite design encompasséfed
that shade the Line of Sight (LoS) between thedgcalr
combinations.
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Section Ill deals with the fundamentals of R&alysis
by summarizing the computations to derive the dagpl
factor between a Tx and victim Rx antenna. Thisise@lso
discusses possibilities to ensure sufficient delogip

The remaining sections deal in more detail wilie
influence of a baffle on the received field stréndilereby,

International Journal on Advances in Telecommunications, vol 8 no 3 & 4, year 2015, http://www.iariajournals.org/telecommunications/

SCA: SCAtterometer

functions of the instruments on-board Satellite [3], ([4])
based on the status at System Requirements ReSRR)(

INSTRUMENTS ONBOARD SATELLITE A

Section IV presents two general approaches (E-fig
simulation and a simplified method based on knifgee
diffraction) to determine the baffle attenuatiorm improve
the predicted field strength, Section V shows graesion of
knife-edge diffraction theory by inclusion of an g
dependent antenna gain. Finally, this section coespthe
obtained results for the two approaches. It is shtivat the
simplified theory can be used during optimizatioh tioe
baffle design while field simulations are used fioal fine-

tuning purposes. This helps to minimize the overdl

engineering and computation effort. Conclusionsgaren in
Section VI.

Id

IASI-NG

Atmospheric temperature
and humidity profiles;
monitor various trace gaseg
(for example ozone [£)
carbon monoxide [CO],
methane [CH], carbon
dioxide [CQ)])

Frequency range:

infrared sensing with
wavenumbek=2r/1 ranging
from 645 cn to 2760 crit
and a spectral resolution of
0.25 cnt.

.  OVERVIEWOFMETOP-SGSATELLITES

MetOp-SG space segment will be composed of two Ld
Earth Orbit (LEO) satellites, called “Satellite A&nd
“Satellite B”. The satellites are housing differgmayload
instruments sensing the Earth, see Figure 1.

METimage

W

METi mage

High resolution information
on clouds, cloud cover, land
surface properties, sea, ice
and land surface
temperatures, etc.

Frequency range:

Optical imaging with 20
channels between 0.44#&
and13.345um

Figure 1. Allocation of payload instrument on-board the Met®@
satellites; left: Customer Furnished Instrumernitgtr Contractor
Furnished Instruments

Sertinel-5
Ozone and other
atmospheric gases profile &
column, aerosols optical
depth; monitor various trace
gases, monitor air quality
and support climate
monitoring

Frequency range:
From 0.27um (ultraviolet)
to 2.385um (near infrared)

The full names of the instruments are:

« |ASI-NG: Infrared Atmospheric Sounding
Interferometer - New Generation

e 3MI: Multi-viewing, Multi-channel, Multi-
polarisation Imager

¢ RO: Radio Occultation

¢ MWS: MicroWave Sounder

* METimage and Sentinel-5: no further name

3MmI

Aerosols (optical thickness,
particle size, type, height,
absorption) , volcanic ashes,
surface albedo

Frequency range:
12 channels from 0.4im to
2.13um

¢ A-DCS 4: ARGOS Advanced Data Collection
System 4

¢  MWI: MicroWave Imager

¢ ICI: Ice Cloud Imager
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Table | shows the geometry and the basic sensing
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MWS

Atmospheric temperature
and humidity profiles in
clear and cloudy air, cloud
liquid water total column

SCA (Tx + Rx)
Ocean surface wind vectofs
and soil moisture

Frequency range:
5.355 GHz +/- 1 MHz
Frequency range:

RF channels at center _
frequencies between 23.8 — - 2

GI-?Z and 189 GHz In addition RO instrument (seTable 1)
RO
Temperature, pressure and
humidity profiles, electron
contents in ionosphere

In addition, both satellites are housing a TT&Ctegsin
S-Band (transmitter and receiver) and transmitteé-Band
and Ka-Band for downlink of the sensed data towards

Ground.
. When the downlink transmitters are active (transiois
Fr ncy range: . . .
eque f:y anoe via Tx antenna), it has to be ensured that therumstnt
Band L1: 1.57542 GHz ; : S
+/-10.23 MHz receivers are not distorted by the emissions. Algiinthe on-

board Tx antennas are designed to radiate towhedgarth,
the field strength around a Tx antenna is not géué
potentially leading to interference seen by theboard
receivers [5]. Limiting this effect is key to prope

erformance of the receivers. Reduction of uninéend

Table Il shows the geometry and the basic sensinﬁi ; -
; ; ; terference power can be achieved by, e.g., serff
functions of the instruments on-board Satellitd23, (3]). large distancgs among Tx and Rx anten)r/1as, goptiimlizz

antenna patterns and inclusion of additional baffte avoid

Band L5: 1.17645 GHz
+/-10.23 MH:

TABLE II. INSTRUMENTS ONBOARD SATELLITE B Line-of-Sight "n_k_s between Tx and Rx an_te_nnas'
For readability reasons, the remaining part of the
A-DCS ¢ o contribution will use the wording “Transmitter (Txand
= Collection  of in-situl  “Receiver (Rx)” in the sense of the dedicated amien
J = oceanographic anfl  Figure 2 shows a preliminary model (at System Regqui
J meteorological data ments Review) of “Satellite A” together with thesitions of
Ty e - an exemplary Tx radiating in the X-Band towards Eagth,
(& ==/ | Frequency range: the Microwave Sounder (MWS) instrument receiveratile
~ 400 MHz and the Nadir direction (towards the Earth duriigif).
MWI
Precipitation &  cloud Sentinel-5

products, water vapoy
profiles & imagery, sea ice

=

Instrument

MWS
Frequency range: instrument
RF channels at center
frequencies between 18|7 NEGliF
GHz and 191 GHz (towards
ICI

Cloud products (ice clouds),
snowfall detection and
guantification
Baffle
Frequency range:
Different RF channels
between 180 GHz and 669
GHz

X-Band
transmitter

Figure 2. Model of “Satellite A” being part of MetOp Secone&ration:
Exemplary transmitter and instrument receiver jmsst
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lll.  FUNDAMENTALS OFRFCANALYSIS

When multiple transmitters and receivers operaitingF
range are located on-board a satellite, poterniatfierence
is an issue, and a Radio Frequency Compatibilityyasis
has to be performed to ensure proper performarmethis
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angle @rx and the azimuth anglerr,), andd is the
distance between Tx and Rx.

The Rx antenna will suffer interference frdme tncident
signal. The received interference povRyy at a distance of

purpose, coupling factors between involved Tx amdd Rdis

constellations are determined and the resultingrfietence
level at the Rx position is compared to a speciliigdt.

In the following paragraph, the coupling factoderived
for free space propagation as a function of digasnud the

angle dependent antenna gain between Tx and Rx. In

addition, the analysis takes into consideration

¢ Improvement of Tx-Rx decoupling for receivers

integrating over a pulsed signal (MWI / SCA)

P. G, (O
PRx - Smeﬁ = _Tx Txgﬂ'l'&:—isz’¢Tx—Rx)

DGRX (eRX—TX 1 ¢Rx—Tx ) |:(L‘:Oz
A f 2

)

where Gry (Ory.1x,, ¥rx-Tx) IS the antenna gain of the victim

« Additional attenuation in case of No-Line of Sight Rx towards the Txf is the Rx frequencyl.; the effective
between Tx and Rx (e.g., shading by structure oarea of the antenna, angithe speed of light in vacuum. This
intended baffles); hereby, the attenuation value igquation describes free space propagation andawrkas
based on 3D full-wave electro-magnetic simulationsFriis equation. It assumes that the Rx is positioinethe far

(CST Microwave Studio software).

A. Modeling of Interference Power

field of the transmitter: For antennas physicatyger than
M2 (wherel is radiated wavelength), the Rx is in the fardfiel
of the Tx ford > di = 2D%, (far field condition). The
parameterD corresponds to the physical length of an

The approach presented below assumes free spagftenna, or the diameter of a "dish" antenna. titiad, the

propagation between a Tx and Rx, where the Tx teslia

following conditions have to be fulfilledk >>D and d; >>

power Py, at a frequency and the victim Rx receives the ;.

signal in-band as an interference signal. Figurgh8ws a
general constellation involving Tx, Rx, antennatgrais and
the definition of elevation angles towards the lpah.

Figure 3. General definition of angles between transmittet imceiver

If the antenna patterns are also dependent @mzimuth
angle, azimuth has to be considered as well.

In general, the power densi8/(in W/m2) at a victim Rx
which has been generated by a Tx antenna can eerdeéed
as

S — PTx [GTX (eTX—RX ! ¢Tx—Rx ) (1)
B 4rd?

wherePr, is the total transmitted PoweB;, (O1y.rx, #Tx-Rx)
is the Tx antenna gain at the considered frequérncythe
direction of the Rx (direction described by thevatén

The received power may be attenuated due to harness
losses between the Rx antenna and the receiver (@, 2
dB losses). This can be respected by a fdgign < 1) in
the equation. The interference power at the recanmit is

then
X[GX ex—x’¢x—x
PRx = Lhar : . E].ﬂTmRz e ) -
DGRX (eRx—Tx ’¢RX—TX ) Il02
47r[f ?

The coupling factor is defined as the ratio betwten
received and the transmitted power. Above equadiads to

Pax
PTX
= I‘har |:GTX (G)Tx—Rx ! ¢T><—Rx) (4)

DGRX (G) Rx-Tx ? ¢Rx—Tx ) |:0"“02 .
(4rrmel ¥ )

C=

Hereby, the expression? / (4« d f)? is also called free
space loss. The coupling factor is hence the fpeeesloss
multiplied by the loss factdry, at Rx side and the antenna
gain of both Tx and Rx antenna in the LoS direction
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The coupling factor in dB is obtained by applying
“10*log;e’ of the linear value. In satellite design with
distances in the range of meters and frequenciBsimange,

a typical coupling factor is, e.g., -100 dB.

The sensitivity of the victim receiver describese th
maximal allowed interference power (e.g., valuemw or
dBm in logarithmic notation) at Rx side. The intzehce
power Pry, shall be smaller than the specified sensitivity,
where the difference is called RFC margin. An RF&gm
of 20 dB is typically recommended in an early pcojehase.
Sometimes, the sensitivity of the receiver is niselg in
terms of power, but in terms of power spectral dgns
(=PSD, e.g., in mW/Hz or dBm/Hz in logarithmic nia).

In this case, power has to be replaced by PSD walue
above equations. This leads to

PSD,,

=L EPSDTx G, (eTx—Rx’¢Tx—Rx)
har 4778l

DGRX (@ RXx-=Tx ? ¢RX—TX ) Ij:O2
477¥ 2

®)
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Out-of-band noise: This means that the Tx radiates
noise power outside the desired Tx frequency range.
The coupling factor is determined in the same way
as for in-band considerations.

Out-of-band spurious (harmonics): Hereby, the Tx
radiates also an integer multiples of the carrier
frequencyf.. Then-th harmonic is associated with a
frequency ofn*f.. The coupling factor between the
n-th harmonic and the Rx is calculated by the same
equation as shown above, lubas to be replaced
by n*f..

As a rule of thumb, if no sensitivity value is sified, the
received interference power should be about 20a&bthe
minimal input level of the receiver which may beg.e-120
dBm. In reality, a victim Rx may receive multiple
interference signals simultaneously that originatg,, from
different transmitters. In this case, the sum of
contributions at the considered frequency must gtdvide
sufficient RFC margin (e.g., 20 dB).

al

B. Methods to Achieve Srong Decoupling

Equation (7) indicates that strong decoupling betwa
Tx and a Rx can be achieved by a high baffle attto,
sufficiently low antenna gain at both Tx side anddtle in

wherePSD+, is the power spectral density of the Tx signal atLoS direction, large distance, low Tx power andhhifx

frequencyf and PSDg, is the power spectral density of the
Rx signal at frequenci In this case, the coupling factor is
defined as

_PD,,
PSD,,
= Lhar l:qux (eTx—Rx ’ ¢Tx—Rx)

DGRX (@ Rx-Tx? %X—TX ) |].:02 .
(4rrmei ¥ )?

(6)

The resulting coupling factor is hence the sanien
compared to the previous definition, which was Haea
power. The interfering power spectral den§ifDg, shall be
smaller than the specified sensitivity, where thfeence is
called RFC margin. If the LoS is shaded, e.g., bpdicated
baffle, an additional loss factor has to be considén above
equation. In this case, the coupling factor cardéscribed

by:

C = I—har [ Lbafﬂe [GTX (eTx—Rx ' ¢TX—RX)

GRX (@ Rx-Tx ! ¢Rx—Tx ) |]:02

. (7)
(4l O )?

Above considerations are based on in-band interfere
In general, this case can be avoided by propectimeof Tx
and Rx frequencies. Nevertheless, interference otayr,
e.g., since the Tx radiates, in addition to therddssignal.

frequency. In case of harmonics radiation, theatadi power
of the harmonic signal can, e.g., be minimized tmppr RF
filtering.

C. Temporal Effects

On MetOp-SG “Satellite B”, the ScatterometelC{$
radiates pulsed signals. For combinations with S@Aand
MWI Rx, the pulsed nature of SCA signals leads 1o
improvement of the decoupling between Tx and RX,
described hereafter.

as

The SCA (only present on Satellite B) radiategutsed
signal. This means that the signal (and hence thwep
spectral density in dBm/Hz) is only present during pulse
duration T,.. The MWI receiver hence observes a power
spectral density o§(t)=S, during Tp, else zero. The MWI
instrument integrate§(t) over the integration tim&;,; > Tp
which leads to

Tint

[S(tydt =S, [T, = Sy [T,y (®)
0

where $qiS the effective reduced power spectral density as
indicated in Figure 4.
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Since reflected and scattered paths can carryficigmni
power levels, these contributions should be avoidgda
proper design of the baffle (e.g., by an adequetghth and
an adequate length around the surrounding objdetghis
case, the dominant contribution at Rx side onlyltesrom
the diffraction at the baffle. Due to the physiésliffraction,
the interfering signal decreases with steeperatiffon angle
(e.g., increased baffle height) and frequency.

The influence of a baffle on the received signai ba
determined either by:

A simplified wave propagation model, e.g., theory
of knife-edge diffraction.

3D field simulations: A simulation tool solves the

corresponding electromagnetic field equations and

power density at Rx

<
= 0

density in dBm/Hz

Faower spectral

Figure 4. Temporal effects on power spectral density

This means:

T determines the received field strength at the Rx.
Soed =S, . 9) This method implicitly takes into account
' Tint diffraction, reflection and scattering.

In logarithmic notation, the received power spéctraA' Analytical Approach by Knife-edge Diffraction

density is hence {dBm/Hz] = S[dBm/Hz] + 10*og ~ The scenario related to “knife-edge diffranti is
(Te/Ti) Whereas the second term provides a negative valudsualized in Figure 6. It assumes a “knife-edgeStacle
(henceS eqis lower thang,). |10*log T/ Ti,)| describes the between Tx and Rx and shows the diffracted pattvéomt
improvement of the decoupling between Tx and Rx due Tx and Rx. Hereby, the obstacle subdivides theancst
temporal effects, which translates into a respectivbetween Tx and Rx intd; andd,. Two cases are possible:

improvement of the RFC margin.

IV. APPROACHTODETERMINEBAFFLE
INFLUENCE

This section assumes a metallic baffle (e.g., wall)

between a Tx and a victim Rx to limit undesirednsig at
the Rx position. The physics of electromagnetic avav
propagation at radio frequencies is the reason dor
undesired signal still present at the Rx positiatheit
strongly attenuated: Signal paths originating frdiffraction
at the baffle can travel towards the Rx as a resilt
Huygen’s principle. In addition, further signal ¢dibutions
may originate from reflections or scattering atesits in the
vicinity of the Tx and Rx. The principle of this ftipath
propagation is visualized in Figure 5. Hereby, #mwn
diffracted path interacts with the baffle directipove the
hypothetical LoS path. In general, further diffettpaths are
possible with interaction points along the topha baffle.

Reflexion

Scattering

Figure 5. Multipath propagation
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In case 1, the upper edge of the obstacle appearbeight
h > 0 w.r.t. the Line of Sight (LoS). This leadsa6No Line
of Sight” (NLoS) scenario. In case 2, the upperesdfjithe
obstacle appears at a height O w.r.t. LoS. This leads to a
LoS scenario.

Case 1: h>0
(No Line of Sight)

Tx Line of Sight line |

Line of Sight line

Case 2 h<0
(Line of Sight) 1y

Figure 6. Diffraction at a “knife-edge” for two cases: “Norig of Sight”
and “Line of Sight”

According to [6] and [9], the loss induced by thaffle
(diffraction loss) is

L = ~200g, | F (V) (10)
with the complex Fresnel integral
— 1+ J ° —jmt? /2
F(v) —TE!:e dt (11)
and
(12)

wherev is the Fresnel-Kirchhoff diffraction parameter and
A= ¢l f is the wavelength of the considered signal. The

er agreement with IARIA - www.iaria.org
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resulting diffraction loss (“baffle attenuation”¥ a function
of vis plotted in Figure 7 fov = [-5 .. 5] as per [7].

3
0 W\N\/‘\f\
z 3
g
5
: 9
=12 \\
z
_E8 N
5T g \
o = <
55 2 -
= s
g5
sE3
-30 W
£ a4 324 i 1 p 34 5

Figure 7. Diffraction loss of a “knife-edge” versus paramet¢r]

The figure shows the level of the diffracted pathdB
relative to freespace, which is negativevor - 0.7. Hereby,
a level of “-x dB” corresponds to an attenuation afdB”.
According to (12),v and h are proportional, hence,
h > 0 (NLoS) is associated with > 0, yielding a baffle
attenuation of at least 6 dB (see graph). The agomgh can
be approximated, e.g., by the following piecevfisection

(8l:

{— 6+9W-127?) ifO<v< 24
- (13)

® |- @3+20dog,(v) if v>24

Note that above equation is the good one compared t
sign error related to 1.27 in [8]. To quickly determine the
“baffle attenuation”, the approach is to determiney (12)
and then to apply (13) for the obtained

Example (typical values on a satellite): Fhr= 1.5 m,
d>= 1.5 m andf = 8.2 GHz (X-Band as typical downlink
case), Figure 8 visualizes the “baffle attenuati@as a
function of the parametéx

) 20 40 60 80

-10 \
-15 \

-20 \

-25 \

-30 \

Relative baffle height w.r.t "Line of Sight" in cm

h o

relative to freespace

Diffraction loss: Level in dB

Figure 8. Diffraction loss of a “knife-edge” versisassumingl; = 1.5 m,
d,=1.5mand=8.2 GHz

The result reveals that the attenuation is vergitiea to
the height. This behavior is due to the small wagth
which is only 3.7 cm in the considered case.
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The other way around, the theory of knife-edge
diffraction reveals that the baffle attenuation XaBand
frequency range can be improved significantly bylyon
slightly increasing the baffle height. In practio®nstraints
on the height are given by the required field aws of the
transmitters and instruments.

B. Smulation based approach (CST field simulation)

An approach based on solving electromagnfiikl
equations has the following advantages:

¢ Result available for any baffle geometry (not only
for simple objects like a “knife-edge”)

¢ All wave propagation phenomena implicitly taken
into account (e.g., also reflection and scattering)
not only diffraction as in the “knife-edge model”

¢« Environment (surrounding structure) can be taken
into account

A well suited approach for satellite engimeg is to use
the simulation software “Microwave Studio” from the
company CST. For example, this tool has also beed by
Airbus Defence and Space to assess EMC/RFC for MTG
satellites.

To determine the baffle attenuation, a dipaiéenna is
placed at the transmitter position and oriented imay that
the radiation towards the receiver position is mazed.
The electric field strength in dB(mV/m) at a victi@ceiver
is first simulated without baffle (reference, inding Line of
Sight path) and then with baffle. In both casese th
surrounding satellite structure is taken into actodhe
difference of the electric field strength in dB(nmYy/
corresponds to the baffle attenuation in dB.

To obtain the simulation results reported hiis tpaper,
the integral equal solver based on Multi Level Fast
Multipole Method (MLFMM) has been used. MLFMM is a
technique based on the same principles as thetitrzali
“Method of Moments” (MoM), but applicable to modeaié
significantly larger electrical size. Given the geairical
dimensions of typical Earth observation satellites,
simulations at frequencies as high as (roughlylGBx can
be performed applying this numerical technique. hdig
frequencies (smaller wavelengths) require a mezah thiat
results in increased memory demand and simulatioe. t
Should the need arise to overcome that constrant f
practical limitations (e.g., memory size), the Biée
structure can be restricted to a representativeurvel
encompassing the Tx and Rx positions.

V. COMPARISON OFFIELD SIMULATIONS W.R.T.
KNIFE-EDGE THEORY

On Satellite A, the radiation of the X-Bandrtsmitter
towards the MWS instrument is reduced by a baffight:

2015, © Copyright by authors, Published under agreement with IARIA - www.iaria.org
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65cm). Figure 9 visualizes a part of the sateHiteicture
including the phase center of the transmitter (nedlas a
dipole) radiating at 8.2 GHz, the baffle as welltlas MWS
victim receiver. Hereby, two Rx positions (“Positid.”,
“Position 2") are considered, where “Position 2"
corresponds to the center of the MWS reflectorepldihe
figure also shows the position of the Sentinel<riiment.

Position 1

MWS
instrument

Sentinel-5
instrument

= Position 2
X-Band Tx (dipole)

Figure 9. Part of the structure of Satellite A (dipole Tx)

The figure also indicates the LoS directioetazen Tx
and the two Rx positions. The electric field stittisgare
simulated with the CST software for two scenarios:

*  ‘“without baffle”
*  ‘“with baffle”.

Results are presented in Figure 10.

_ Positon1  Position 2 Lt i,

w

With baffle

Figure 10.Simulated field strength at MWS assuming radiating
dipole;f=8.2 GHz

Observation:

Position 1. The case “Without baffle” reveals aldie
strength of 90 * 1 dBmV/m”. The case “With baffle”
reveals 72 + 1 dBmV/m. Hence, the difference isIB8
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Position 2: The case “Without baffle” reveals aldie
strength ofx 77 dBmV/m”. The case “With baffle” reveals
~ 64 dBmV/m. Hence, the difference is 13 dB.

In a second step, the attenuation is estundig
applying the theory of knife-edge diffraction. Aspéained
in the section on knife-edge theory, the bafflediuldes the
theoretical LoS path into two distancelg, ) and a relative
heighth of the baffle. For “Position 1", the values adg=
1.07 m,d,= 1.08 m,;h = 0.16 m. Assessment fat 8.2 GHz
yields an expected baffle attenuation of 17.2 dlevb8 dB
has been simulated by CST software according to the
previous figure. This shows a good agreement betwee
simplified theory and CST simulations. Assessmemt f
“Position 2” [d;= 1.05 m,d,= 1.43 m,h = 0.218 m) af =
8.2 GHz yields an expected baffle attenuation ofdB3
while 13 dB has been simulated by CST softwaresThi
behavior can be explained as follows: In contrast t
“Position 17, “Position 2” does not enable a paibectly
diffracted at the baffle towards the receiver posit The
signal can arrive at “Position 2" only via multiple
interactions, hence, the knife-edge diffractionotlyebased
on a single baffle is not applicable.

Next, the radiation pattern of the Tx antermeeplaced
by the measured characteristics of the physicalaXeB
helix antenna. Figure 11 visualizes the 3D patteymvell as
the antenna gain as a function of elevation aégle

Nadir
(towards
Earth)

Position 1

MWS
instrument

Sentinel-5
instrument

Antenna Gain / dBi

Theta / degrees

Figure 11.Scenario with real antenna pattern; antenna pesfiocs

For the analysis, “Position 1" is considered
The CST simulation as per Figure 12 reveals: Thee ca
“Without baffle” leads to a field strength of 808 1
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dBmV/m” while “With baffle” leads to 70.8 + 1 dBmf.
Hence, the difference caused by the baffle is 10 dB

Position 1

Without baffle
ITEIWIFATET
Position 1

With baffle

Figure 12.Simulated field strength at MWS assuming real amigpattern;
f=8.2 GHz

The question arises if this value of 10 di@ratation can
be predicted by the knife-edge diffraction thedrg. do so,
the angle-dependent antenna data has been inctaganto
the knife-edge diffraction theory. The approackéscribed
hereafter: First, the elevation angle is determineder
which a propagation path leaves the transmitteguriel 13
shows the principal scenario.

Nadir
(towards
Earth) RXx

Figure 13.Principal scenario involving diffracted paths
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¢« In presence of a baffle, a path originating from
diffraction appears at an angi® < ©,. Hereby, the
interaction point with the baffle is inside the péa
defined by the Nadir direction and the LoS
direction.

For “Position 17, the elevation angles ane #ssociated
antenna gain according to Figure 11 are:

e O; =89.9 deg, associated with a gain of -12.5 dBi.

e O,=282.4 deg, associated with a gain of -7.3 dBi.

Hence, the diffracted path runs along a directidh Wwigher
gain when compared to the LoS direction. Therefarés
expected that the influence of the baffle is lowempared
to the dipole case. The expected attenuation Brtios of
the baffle corresponds to the result of the dipoterected
by the delta antenna gain, hence, the expectea v&lli7.2
dB - ((-7.3) - (-12.5)) dB = 12 dB.

For comparison, 10 dB attenuation has beégrméed
using the CST simulation software. Limited diffecen in
the result can be explained, e.g., by

¢ Multipath propagation:
While above consideration assumes only one
diffracted path, further diffracted paths are plolkesi
along the top of the baffle. These additional paths
occur out of the plane which is defined by Nadir
direction and LoS direction. Possible additional
paths are already visualized in the left part of
Figure 13. In principle, all paths have to be
weighted by the angle-dependent antenna gain and
then summed up. As the knife-edge theory does not
predict multiple paths and the associated elevation
angles, only weighting of the diffracted path “in-
plane” is possible. A more complex channel model
which predicts multiple paths and allows for
insertion of an angle dependent antenna gain is
Ray-tracing [10]. A disadvantage of this technique
is however increased computational time.

« Baffle geometry:
The baffle geometry differs from the ideal “knife-
edge theory” as the baffle is bended and the
distance between Tx and baffle differs along the
baffle.

¢ Approximation of Fresnel integral :
Equation (13) is only an approximation of (10).

To verify the effect of baffles on-boardtMetOp-SG
satellites prior to launch, measurements are egesan the
frame of ground testing. These so-called mock-sgpsteill
be performed in Q2/2016 and use transmitters acelwers

« A dotted line indicates the propagation path in LoSwith represe_ntative antenna pattern as well ateaast part
direction which is present in absence of the baffleof the satellite structure.

The associated elevation angl&is
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A similar approach using an adapted knifgeemodel
is shown in [11], which considers the channel betwa
train and a satellite including a knife-edge olstabat
models structural elements on the roof of the trin11],
classical knife-edge theory is expanded by only amenna
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The length of the baffle shall be large enotwmlavoid
reflections at objects next to the baffle which Idooarry
significant power towards the Rx.

To determine the baffle attenuation for sucpraperly
designed baffle, two methods have been studiedfi@D

gain (the “train antenna gain”), whereas the presersimulations and knife-edge diffraction theory (lhsm a

contribution takes into account both the charasties of
the transmitter and the receiver.

Finally, a general remark is given w.r.¢ldi predictions
when involving antenna patterns: The radiationgoatbf a
transmit antenna differs between the near-field duadfar
field where far field conditions are achieved attalinces of

single baffle), expanded by information on antegam. It
has been shown that the results agree well in scsna
resembling the set-up illustrated in Figure 13,0lming a
single diffraction of the wave propagating from fx Rx.
Hence, the simplified theory is an adequate metfad
assessing the effectiveness of the baffle priomitating
extensive 3D fulllwave simulations. This approach

d > dmn, =2D2 /1 (D = antenna dimension). When using aminimizes the overall engineering and computatiffore

far field antenna pattern in above approach, tretadce
between the transmit antenna and the baffle hbe ti least
dmin (fulfilled in above consideration).
approach considers possible pattern distortiornbybaffle.

VI. CONCLUSIONS

Modern Earth observation satellites such as theOdet
SG satellites accommodate manifold Radio Frequency
The on-board

transmitters and instrument receivers.
transmitters generate an electromagnetic envirohmwéh
potential impact on the performance of instrumesgeivers.

Ensuring Radio Frequency Compatibility means the t (3]

level of the unintended signal at Rx side is kegloly a
certain threshold level so that the instrumentqrenfince is
not degraded. The satellite configuration (for eghm

position and orientation of on-board transmittensd a

receivers) is vital to RFC. As a consequence, gedees
careful consideration throughout the satellite paog
starting with a first optimization in a very earfyoject
phase.

The suitability of the configuration w.r.t. RFC\srified
by an RFC analysis, which is based on the calauaif the

A near field

Verification of the derived results for MetOp-SGllwbe
achieved by mock-up testing in Q2/2016.
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e realize NLoS between Tx and Rx (and hence, a

diffracted path towards the Rx)

« avoid reflections at, e.g., high objects in the

vicinity of Tx and Rx
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