REPUBLIQUE
FRANCAISE

Liberté
Egalité
Fraternité

ONERA

THE FRENCH AEROSPACE LAB

www.onera.fr



REPUBLIQUE O N E R A

FRANCAISE

Liberté

Fgalité /- i

Fraternité THE FRENCH AEROSPACE LAB

ONERA's airborne bi-static systems,
experiments, calibration hardware,
and synchronization

Hugo Keryhuel
Dept. Of Electromagnetism & radar, ONERA

Ce document est Ia propriété \OIJERA In ;:;'1 étre mimu niqué a des tiers et/ou reproduit sans I'auto '331) n préalable écrite de F'ONERA, et s ontenu ne peut étre divuigué

T
oD
= o
S
A e
B =

This document and the information contained here, pro tary information of u.":EFL-'—'l an ‘1.3 not be disclosed or rep oauL.r:d without the prior gL.'rr'?:-r.‘:-a-.‘Ior‘- of ONER



Summary

« Context

« Latest campaign overview

« Synchronization principle used

» Active transponder
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Context — campaigns hindsight since 2003

2003 - ONERA & DLR 100MHz BW @X band ATI/XTI 2009 - ONERA — 50MHz BW @X band — 30° cap offset
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Context — campaigns hindsight since 2003

2003 - ONERA & DLR 100MHz BW @X band ATI/XTI 2009 - ONERA — 50MHz BW @X band — 30° cap offset

First operational bi static campaign

2023 : ONERA - 700MHz @X band
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Latest campaign overview

Tx/Rx
Rx direct and
backscatter
R
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Latest campaign overview

: \ Linear acquisition mode

Circular acquisition mode
" same el angle
(15° or 75°)

v. 0°to80°

Rx direct and bistatic angle

backscatter
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Latest campaign overview

Linear acquisition mode

S S
\ same el angle
(15° or 457)

) /_’_'_' \ +*
- — _ Rxdirectand

0° to 80°

Up to 5000 SAR images produced :

+ atleast Tkm? each with 20 cm resolution

+ Geocoded

+ Radiometry and geometric accuracy provided

« Resolution, PSLR, noise level within requirement

bistatic angle E‘T

Circular acquisition mode

*

Clock synchronization
capabilities
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Latest campaign overview
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Latest campaign overview
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Latest campaign overview
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Latest campaign overview
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Synchronization principle

Phase 1 : Regulation OCXO over GPS (in between measurements)

. 10MHz OCXO board always master

. Trigger generated by GPS board (common board clock 1Hz)

. 10 MHz OCXO frequency regulation over GPS

. = servitude phase for the 10MHz OCXO over the 10MHz GPS (through PPS)

. = gap between system clock and GPS clock is measured
e ( REF GPS

OCXO ¢ GPS
Backplane OCXO regulation = . J
10MHz common with GPS over rigger o

ks the backplane ?LK e

\ IR’ ; IT
ST 1 -------------------- ikl i e £ e St i e e
Backplane ¥ v _ v 4
common trigger
I0s VSTs ADCs
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Synchronization principle

Phase 2 : Measure

. Starting acquisition
. 10MHz OCXO board always master
. Time offset between the system and the GPS is measured.
. Common clock PPS = 1Hz corrected at the start of the acquisition (take into account the offset between the system and the GPS)
'l’
REF OCXO \4 ( GPS Clock 1Hz (trigger) generated with
Backplane Servitude disable Trigger out ___---{ 9ap measured in Phase 1
10MHz common SoMEz ol New PPS clock new CLK 1Hz &
i generated :
\ | : T
ST il i ikl i e £ e St T i
Backplane L 4 ¥
common trigger
I0s VSTs ADCs
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Synchronization principle

r"
Systéme power up
“ l
Wait for GPS valid

: ]

PHASE 1 = REGULATION
Servitude of the 10MHz over GPS

-

Start measurement

PHASE 2 = MESURE
Servitude is paused
Measure start on PPS in counter mode
Measure in progress

Stop measurement

OCX0 GPS
Backplane OCXO regulation T —
10MHz c< 10MHz T xLGP.sr?nr I ?1'?‘9""* A
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Synchronization principle

-434,000

(: QOffset from GPS (ns)
Systéme power up ( 0-
. l Boot Phase 1 Phase 2| Phase 1
" -100-
Wait for GPS valid
" I $ -200-
PHASE 1 = REGULATION %_
Servitude of the 10MHz over GPS é -300-
L
Start measurement -400-
PHASE 2 = MESURE -500-} S .
Servitude is paused 0 2622
Measure start on PPS in counter mode T
Measure in progress L
( -
Stop measurement l -ﬁﬁ! ]
~ drift < 1us for 600 sec
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Active transponder

Requirements

« Easy to transport

« Easy to deploy

» Weather condition resilient

» Tracking capabilities

« Trajectory prediction algorithm
» Control software
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Active transponder

Cables Transponder Battery Requirements

« Easy to transport
« Easy to deploy
» Weather condition resilient

» Tracking capabilities
« Trajectory prediction algorithm
» Control software

RF antennas Connectors Electronics
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Active transponder

Cables Transponder Battery Requirements

« Easy to transport
« Easy to deploy
» Weather condition resilient

» Tracking capabilities > |
« Trajectory prediction algorithm
» Control software

RF antennas Connectors Electronics

Dual axis motorized antenna
with tracking capabilities

L

Potential aircraft collision
detector
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Active transponder

Cables Transponder Battery Requirements
e o » Easy to transport
« Easy to deploy
» Weather condition resilient
» Tracking capabilities i
« Trajectory prediction algorithm
» Control software

Dual axis motorized antenna
with tracking capabilities

Potential aircraft collision
detector
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