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Reminder: Project Objectives
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Pathfinder project — Feasibility of passive bistatic GeoSAR using Comsats

1. Evaluate the technical feasibility of passive bistatic radar (PBR) in geosynchronous orbit using
conventional comsat transmissions and a software-defined receiver.

2. Assessthe factors affecting the practical implementation of PBR as a hosted payload (technical
and operational).

3. Evaluate potential applications for a GEO PBR payload accounting for the expected imaging
performance of a PBR hosted payload.

4. Develop a system model for a GEO PBR hosted payload to validate the expected performance
and identify mission constraints.

Objectives are designed to address the main uncertainties for the mission concept
« Except for synchronisation and perturbation compensation (under study elsewhere)
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Reminder: Success Criteria

Confident answer to the question “Is it feasible (obj 1, 2, 4) and useful (obj 3)7?”
Work shared as

Cranfield University University of Birmingham

System design Available signals of opportunity
Implementation — hosted payload Receiver design & technology



smi) - System Design: Requirements Ve
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Draws on other GeoSAR studies:
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GeoSTARe — broad survey Snowcovern Earthquake response, 7

Landslides, 14 Landslides triggered, 10

« Identified potential strengths and wide é“‘;\

range of applications »

G-CLASS - focus on diurnal water cycle . R oconocsso

easurement resol": Int Water Vp
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« Specific science objectives for meteorology, (
hydrology, cryosphere, solid Earth

rainfall and related flooding, landslide

Measurement resolution: Soi IMo st
(a) Coarse 1 km, 15 min, OOSm m

(b) Fine 200 m, 3 hr, 0.02 m*> m?
Km scale applications seem achieveable SN

Measurement resolution: Sno

(a) Melt: 100 m, 3 hr

(b) Water equivalent: 100 m, 3 hr, 3 cm
\ \
Science objective SO3 // Measurement resolution: Surface

- - Enable near real-time prediction of ground \ - (a) Motion , damage ex te t:

« Atmosphere, catchment scale soil moisture R 20m,6hr 2 mmday”
landslides, earthquakes and volcanoes (b) Flood extent: 30 m, 3 hr
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cycle, especially soil moisture in dry
environments and snow melt / re-freeze

* Fine resolution data (100 m or less) are not
practical for a PB GeoSAR [
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Requirements summary
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Requirements identification is inherently iterative — we need to match observation needs with
feasible performance

» Feasible performance

« Spatial resolution: Ku-band signal bandwidth allows ~10 m imaging; L-band is OK to ~500 m
« SNR: signals are relatively weak, so can only achieve useful SNR at ~1 km scale

Candidate observation goals:
« Atmospheric phase screen
« Catchment-scale soil moisture

« Surface coherence is an important constraint, especially for short wavelengths, over
vegetation: no problem for bare soil / rock, and OK for urban areas



‘ System Model Development and Implementation

Passive Bi-static GeoSAR Simulation

Developed from an existing
monostatic simulator
* Focussed attention on the spatial
resolution performance
« Analytical and numerical models
— for (a) understanding and (b)
validation / generalised results

Discussions held with comsat operator
to understand practical constraints

and opportunities

Orbit relative J N
to Earth ‘Z;p /




emt) - Azimuth Resolution Projected on East-West direction
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v’is angular “velocity” (= velocity / range)

The resultant of v’for the transmitter and
receiver defines the sensitive direction for
aperture synthesis resolution
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Resolution for Bi-Static geometry, 1 h integration time
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Range Resolution
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e Resolution for Bi-Static geometry, 1 h integration time
o 6’M=i60 deg
L. = Ar _ ecter O 500 | |
X ,B _ ep = ,8 = O 0O ® ® ® 0O O O ® ® ® O
2 cos /2 sin 64, 2 cos /2 O 400t
7p]
1 9 300 + b x % x
B — _C X x
Treceived 5 2007
@)
. . : ¢) 100
Whe_re Treceived IS _the half_ helghtW|dth of _the & L | . . | . | |
received signal, g is the bistatic angle, 4, is 5 0 5 100 15 200 250 300 350
iIncidence wrt the bisector, and e, e,, e, are = Initial Hill's equations phase, deg
unit vectors for Tx, Rx and bisector directions P
from the target X simulated value (10 m grid)

There is a good agreement when the azimuth direction is orthogonal to the range direction; when
they become aligned the azimuth resolution improves the range resolution (with the Hill’s equation
Initial phase between 0° and 45°, between 140° and 200° and between 330° and 360°, i.e. near 0°
and 180° in the simulation).



Digital data ~ PRN codes

Main candidate signals for UK / Europe:

* |[nmarsat L-band
 Ku-band satellite TV
 Ka-band data
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w)  Previous work / concept validation

Parasitic SAR with Communication Satelllte

Basic Idea: Receivers:
+ illumination by a transmitter * passive, low-cost
. of opportunity mini- or micro-satellites
PB GeoSAR conce pt discussed by + sufficient SNR is provided + e.g. geosynchronous

. : by very long coherent 2 . bit for | i i
Krieger (2006) and Prati et al. (1998) nisraton me an =" a=~ny oo mastin
. L. moderate -
Conclusions are similar to the current resolution 2] ¥ B
study, except g% o g : <
.. / 7’ \ \
« Increased use of digital 2* | T
transmissions and technology Iﬂ' !
(e.g. SDR) improves the technical F % T[(
Ty enx- < Advantages:
feaS|b|||ty Jf = « free transmitter
_ _ _ llluminator: « receiving part can be
« We identify potentially useful re.g. digital designed using
) ) . communication satellite commercial DAB- or
applications at ~1 km spatial ~geostationary orbit TV-SAT components
resolution G e, Microwavesand Rodar st

EUSAR 2006 Tutorial — Slide 22 gerhard krieger@dir.de

Image: EUSAR 2006 Tutorial - Krieger (2006)
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The bigger picture

Implementation Roadmap

Roadmap for eventual
Implementation

 Highlights the need to
develop science readiness
once the conceptis
confirmed

|
2018

Techioblogy demonstration —
local rooftop

Applications
development

|
202

0

Technalogy deranstration
o Including potential applications
= regicnal view

|
2022

[ -
2024 time
Technology developrments
[e.g. synchronisation,
perturbation caorrections)
Hosted payload opportunity

- design, build, integrate, launch

)

Applications development (inc, business case, ground segment preparation)

)

iy 2018 2015 2 ks | Jo22 2023 2024 225 F.rr JOIE
] Task Name Start Finish Duration

o) m|r.‘2 m|m Ql|ﬂ2 ru|r.\4 Q.'|ﬂ2|ﬂ?|m ﬂ.'|QJ|Q1|I1d qr|n:|ni|q4 QI|W|Q?|M m|r.~z|m|m m|r12|rn|m I1J|QJ|Q1|I1d qr|n:|ni|q4 QI|QJ|Q!|Q4
1 |ESAEE10 proposal preparation 25/09/2017 02/03/2018 23w -_—l

[
? | Proposal evaluation 05/032018 01/11/2018 Fdwe ddd L_
3 |Phasen 02/11/2018 26/12/2019 60w N I
4 | PhaseD review 27/12{2019 23/07/2020 30w L [
—

5 |Phase 24/07/2020 23/06/2022 100w | —
6 | Phase A review 24/06/2022 18/01/2023 30w L- -_I
7 |Phasen/c/D/EL 20/01/2023 04/11/2027 250w | ——————————————————
& |Launch 05/11/2027 13/01/2028 10w L»'-__,
9 | Operations 14/01/2028 25/12/2042 780w |+ [
10 | EOM tasks 26/12/2042 23/07/2043 30w




Conclusions
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Feasibility of Passive Bistatic GeoSAR?
 YES - but only at coarse (~1 km) spatial resolution

* Implementation — discussions with an operator suggest that a hosted payload
version could be implemented for around $-€-£ 10 million

* Next steps: ground-based demonstrator to validate the system model and
technology

« Potential applications need to be cultivated

Thanks to SES and other collaborators

Thank you - Questions welcome
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