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First demonstrations of UAV-borne DInSAR at L-band and
car-borne DInSAR at L-/S-/Ku-band using Gamma SAR syste

Short-term (].§min, 2023-10-16) interferom. phase & coherence
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First demonstrations of UAV-borne DInSAR at L-band and
car-borne DInSAR at L-/S-/Ku-band using Gamma SAR systems

0.0 0.2 0.4 0.6 0.8 1.0
interferometric coherence

-1 ~-0.05 0.00
interferometric phase [rad] LOS displacement [m]

2018

GAMMA REMOTE SENSING



.5. : Zutaﬂ\ ‘/_ 3 » : 2 &7 4 1 g 7 E s ¥
Q_SLfl 203316 | 3090 B (TR, (20230907_20230521)

i Pludens s

e
% \m‘w

) e vest [ -+lm/aEast 3y 5%()-

-Jzavm%\ttBD e
Road section used for L-band SAR measur. -03 (Heli svf/’féé |§
aaﬂMA REMOTE SENSING F{?eg %g)]‘ig rqq ﬁ;l ;




J

ESA MODULATE: Monte Mater, GSL-1, 14.10.2024 — 10.06.2025

( ¢ d&
~ P AT S5 %
M NSEY 2 e e

y /
= & J,;’ﬁ. £
Bern Brlenchrmzau!Sﬁ/
X ® &
Val Canaria . ﬂn J
2 d &
73 | b VB Y
//‘L / Monte Mater
/ § ~ L]
4 /’ Bellinzona ~ ¢
B et T

% X
-~ Zurich A LZ )

GLSAR 20241014-20250610

A 2 R SETAD W AR S-S )

Differential Phase

-« B TN
113.2 mm @ 1.325 GHz

o—
Lo
S

\

LR g i

7-months differential interferograms (car-based vs. SAOCOM)
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Strozzi, T., Jones, N., Agliardi, F., De Pedrini, A., Frey, O., Bernhard, P., Caduff, R.,, Ambrosi, C., and Manconi, A.:
Monitoring the displacement of large alpine rock slope instabilities with L-band SAR interferometric techniques,
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Nat. Hazards Earth Syst. Sci., 26, 2579-2607, https://doi.org/10.5194/nhess-26-2579-2026, 2026.



Quad-copter UAV-borne SAR imaging and SAR interferometry at L-band:

 Gamma L-band SAR (GLSAR) with ,
more compact and light-weight form factor
° Down_sized L_band SAR W|th - | L-band SAR image: 200MHz bandidth,e.<1m
* total payload : 6.5 kg P = .

e for quadcopter drones
* and other platforms (airborne, HAPS w/ modification...)

900m

 Built-in GNSS/INS System : Honeywell HGuide n500

interferometric coherence

=1
interferometric phase [rad]
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UAV-borne SAR imaging and interferometry with the 400MHz-bandwidth Gamma S-band SAR

5-min repeat-pass
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First UAV-borne bistatic campaign with 2 Gamma L-band SARs in May 2025

Two GLSAR systems on two Harris HX8 before takeoff and in air during the bistatic campaign in Norwich, Vermont,
near CRREL, Hanover, New Hampshire
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Motivation for bistatic SAR campaigns

* Bistatic SAR enables single-pass interferometric observations with
e cross-track or along-track baselines from space,

e supporting diverse geoscience applications, including
1) topographic mapping
2) vegetation structure retrieval
3) three-dimensional ground motion estimation
* Mission concepts employing such acquisitions include
* ESA’s SAOCOM Companion Satellite,
» co-flier concepts for ROSE-L and NISAR,
e LuTan-1in its bistatic phase,
e upcoming ESA Earth Explorer mission Harmony (2 passive companions with a
Sentinel-1 satellite).

* Once established, UAV-based bistatic SAR provides a flexible means to explore and
validate these concepts.

* Beyond concept demonstration, UAV- and airborne systems can support the validation of
geo- and biophysical retrievals of bistatic space missions.
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First UAV-borne bistatic campaign w/ Gamma L-band SARs in May 2025

T ., ;

height above ground (m)

Basic bistatic measurement concept used:
= S e 2 GLSAR systems, each equipped with a GPSDO with

” “é time synchronization on the order of 30ns (PPS accuracy)
T % * +direct signal received through back-lobe of GLSAR-2
grounid rarige () L o8 3 ° receive antenna
(=)
o along track (m) * requires specific bistatic configuration,

as direct signal is superposed with bistatic
SAR backscatter data and should appear between

aa/uvm REMOTE SENSING Om and the nadir return to be separable



First UAV-borne bistatic campaign w/ Gamma L-band SARs in May 2025
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First UAV-borne bistaic campaign w/ Gamma L-band SARs in May 2025

(Remsnoiatid guitaghic
SefdEasfittesation
* ofP EMMiFlareffization &
phase calibration, yet
* Sphess GNEYERS:
PREssHRlINGE 0 STlgtors
=» Compensated shift
> imagkih larger:
droghdtEgm
e defocused

Also:

No compensation
of phase drifts along
azimuth, yet.

Work in progress...
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First UAV-borne bistatic campaign w/ Gamma L-band SARs in May 2025
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Monostatic Received Signal

Data: bogies TM1_250us_TX_20250508T152801 TM1 TX1 RX1 H_H
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echo number: 99343 / 719769
raw mean power: -16.99 dB FS
raw DC offset: 0.00500 FS, RMS: 0.14145 FS

Analyze acquisition

RAW _start_time: 2025-05-08T15:40:02+00:00
geographic_coordinates: 43 761225 -72 22808166
67 150.2 -32.6

RF_center freq: 1.3e+9
RF_freq_min: 1.20001539006e+9
RF_freq_max: 1.39998460957e+9
RF_chirp_rate: -3.99944838136e+11
CGEN_num_samp: 3125

TX_mode: TM1

TX_port: TX1

TX_drive_enable: on

TX_atten_dB: 10.0
TX_pwr_detect_dBm: 41.2

RX_attenl dB: 3.0 3.0 0.00.0

RX atten2_dB: 10.0 10.0 10.0 10.0
R¥ port: RX1

RX_chan_enable: on on off off

ADC capture time: 3.6e+2
ADC_sample rate: 6.252+6
RX_noise_cal: off off off off
TX_assignment: H W

RX_assignment: HV H W
ANT_elev_angle: 20.0

RAW _data_file: bogies TM1_250us_TX_20250508T15
2801_TMI_TX1_RX1_H_H.raw

RAW data_type: intle

RAW samp_IPP: 3126

RAW_IPP: 5.0016e-4

RAW num_echoes: 719769

GTC wersion: V1.1

CGEM_version: V1.1

PO5_type: None

GTC_temperature: 40.0
CGEN_temperature: 30.7



Bistatic Received Signal

nadir return
shifted
by 35m
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Data: bogies TM1_250us_200MHz_20250508T152858 TM1 TX1 RX1 H H

Samples
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echo number: 100280 / 719769
raw mean power: -23.52 dB FS
raw DC offset: -0.00528 F5, RMS: 0.06666 FS

Analyze acquisition

RAW _start_time: 2025-05-08T15:40:02+00:00
geographic_coordinates: 43 7613866667 -72.2283
05 153.8-32.6

RF_center freq: 1.3e+9
RF_freq_min: 1.20001539006e+9
RF_freq_max: 1.39998460957e+9
RF_chirp_rate: -3.99944838136e+11
CGEN_num_samp: 3125

TX_mode: TM1

TX_port: TX1

TX_drive_enable: off

TX_atten_dB: 30.0
TX_pwr_detect_dBm: -31.8
RX_attenl dB: 6.0 6.06.06.0

RX atten2_dB: 10.0 10.0 10.0 10.0
R¥ port: RX1

RX_chan_enable: on on off off

ADC capture time: 3.6e+2
ADC_sample rate: 6.252+6
RX_noise_cal: off off off off
TX_assignment: H W

RX_assignment: HV H W
ANT_elev_angle: 20.0

RAW data_file: bogies_ TM1_250us_200MHz_2025050
8T152858_TM1_TX1_RAX1_H_H.raw
RAW data_type: intle

RAW samp_IPP: 3126

RAW_IPP: 5.0016e-4

RAW num_echoes: 719769

GTC wersion: V1.1

CGEM_version: V1.1

PO5_type: None

GTC_temperature: 38.4
CGEN_temperature: 31.3



“Bistatic” delay-line lab measurements

I

”Bistatic” delay line o N ) AT
TX: GLSAR-4 = "'4 {3 MNR
RX: GLSAR-5

’

‘monostatic” delay line
TX: GLSAR-4
RX: GLSAR-4

———-
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“Bistatic” delay-line lab measurements

“Bistatic” delay line
TX: GLSAR-4
RX: GLSAR-5

“monostatic” delay line
TX: GLSAR-4
RX: GLSAR-4

A€ PQAEW

Data: TM1_200MHz_1ms_60s_RX_glsar5_20260421T112200_TM1_TX1_RX1_V_V (750.00 MB)

A€ Q=W

Data: TM1_200MHz_1ms_60s_TX_glsard_20260421T112200_TM1_TX1_RX1_V_V {750.00 MB)

options: -s 5000 -0 1000 -z 300 -Z 300 --hanning -p options: -5 5000 -0 1000 -z 300 -Z 300 --hanning -p

Samples echo number: 1000 / 59523 Samples :
: echo number: 1000 / 59523
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000 /
10 + } L raw mean power: -23.01 dB FS 10 h - - - n . raw mean power: -22.43 dB FS
. -z 300 ] [ e -Z 300 raw DC offset: 0.00165 FS, RMS: 0.07072 FS . -z 300 ; o AR S -Z 300 raw DC offset: 0.00104 FS, RMS: 0.07562 FS
vE Analyze acquisition Ly Analyze acquisition
SL o5 L) 3L BEEE
e RAW_par_version: 2.1 Ze RAW_par_version: 2.1
ER . RAW data_file: TM1_200MHz_1ms_60s_RX_glsar5_20 ES RAW_data_file: TM1_200MHz_lms_60s TX_glsard_20
[ e 2604217112200 TM1_TX1_RX1_V Viraw ® 0 260421T112200_TM1_TX1_RX1_V_Viraw
E 35 Instrument: GLSAR-5 g § Instrument: GLSAR-4
&< RAW_start_time: 2026-04-21T11:22:00.0+00:00 £.2 RAW_start_time: 2026-04-21T11:22:00.0+00:00
iy geographic_coordinates: 4.6933135e+1 7.5065516 (3%} geographic_coordinates: 4.69330252+1 7.5065766
22 05 i 67040 5.746e+2 4.73e+1 2 o5 i 6740 5.695e+2 4.73e+1
=~ mw’dnm}yﬁf m(;gszs g - - H RAW data_type: int16
/_num_echoes: RAW_num_echoes: 59523
RAV/_IPP_time: 1.008e-3 RAW_IPP_time: 1.008e-3
— raw chirp echo Kaiser win (8 = 3.84) -~ Hanning win ADCFS | AW PP samp: 6300 — raw chirp echo -~ Hanning win ADCFS | paw pPsamp: 6300
1 I i i RF_center freq: 1.209979448e+9 RF_centér freq: 1.299979448e+9
02 0.4 06 08 e 02 0.4 0.6 o8 R freamen Liesa
Echa time (ms) RF_chirp_rate: -2.0036168282+11 Echa time (ms) RF chirp_rate: -2.003616828e+11
Tx,z: |rp,n|mde— sawtooth TX_chirp_mode: sawtoath
TX chirp_time: 9.984e-4 % _chirp_time: 9.98de-4
" Echo number TX chirp_samp: 6240 - Echo number X_chirp_samp: 6240
B 10000 20000 30000 40000 50000 TX_blank time: 1,0e-6 B 10000 30000 50000 TX blank_time: 1,06
wa 10 C t L - . TX_PA_drive: on wy 1 - . TX_PA_drive: on
=3 1 = Selected echa TX atten_dB: 10.0 =410 = Selected echa TX atten_dB: 10.0
3 TX_pwr_detect_dBm: 30.4 3 TX pwr_detect_dBm: 30,1
= CAL_loop_enable: off BE CAL_|oop_enable: off
5E g5 RX_chirp_offset: -0.0e+0 H g 051 RX_chirp_offset: -0.0e+0
es RX_blank_enable: on gs o RX_blank_enable: on
Seo RX_chan_enable: on Eeo RX_chan_enable: on
ES RX_antenna_mute: off ES RX_antenna_mute: off
%8 g0 RX_atten_LNA: %8 00 RX_atten_LNA: 0
oz RX_atten_ADC: 0.0 oz U RX_atten_ADC: 0.0
=z 0 10 20 30 40 50 ADC_capture_time: 6.0e+1 =5 Q 10 30 50 ADC_capfure_time: 6.0e+1
isition ti ADC_sample rate: 6.25e+6 . ADC_sample_rate: 5.25e+6
Acquisition time (s) + 5000 £§72§[E,1m 416 Acquisition time (s) + 5000 ﬁ%’dﬁt"ﬁlmﬁ;s
Cefi _eff_nbits:
FMCW beat frequency (MHz) e e FMCW beat frequency (MHz) 2%{;!‘,&;”:;’;;‘?;‘
0.0775 0.0800 0.0825 0.0850 0.0875 0.0900 0.0925 INSTR_delay: 3.028¢-8 0.0775 0.0825 0.0850 0.0900 0.0925 INSTR, delay 3.028e-8
— TX_maode; TM1 N TX_mode; TM1
- TH_port: TX1 — echo X1
T~ — FWHM(3dB) | Rport RXL T — FWHM (3 dB) RXL
o TX_assignment: V s 251 TX_assignment: V
2! RX_assignment: V 21 RX_assignment:
o CGEN_temperature: 51.4 52 CGEN_temperature: 51.1
gE£ ANT_slev_angle: 0.0 gE 209 ANT_eley_angle: 0.0
s £ POS_type: None 55 POS_type: None
o w 154 Custom_nate oo 1519 Custom_note:
gt gz
] E. 10 4 H g.’a 10 4
g5 2E
== 51 == 54
0 T —— y 0 T T — u g e y
56 58 66 68 56 58 60 62 64 66 68

Electronic slant range (m) Electronic slant range (m)



“Bistatic” delay-line lab measurements

“Bistatic” delay line
TX: GLSAR-4
RX: GLSAR-5

“monostatic” delay line
TX: GLSAR-4
RX: GLSAR-4
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“Bistatic” delay-line lab measurements

”Bistatic” delay line saeeerl USRSl “monostatic” delay line
TX: GLSAR-4 g N g/= TX: GLSAR-4
RX: GLSAR-5 RX: GLSAR-4
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Summary / Outlook

1. UAV-based SAR imaging demonstrated for Gamma L-/S-band SAR
& car-based SAR imaging for L-/S-/Ku-band

2. UAV-based repeat-lgass SAR interferometry demonstrated for L-/S-band
& car-based DInSAR for L-/S-/Ku-band

3. UAV-based bistatic imaging and interferometry:

Work in progress...
next steps:

* improved experimental setup (summer 2026) to
* allow synchronization via direct signal to
* remove azimuth-varying phase with

* wide-beamwidth receiving antenna oriented  pro |
towards the Tx for the direct signal & AV, cLoagz Sl
=>» recorded in a separate receive channel 8- |

* increased distance between Tx and bistatic Rx
to ensure detection of direct signal

* minimized along-track positioning offset for
interferometric acquisitions

* higher Tx flight level (200m instead of 100m)

GLSAR-1

Broader Outlook:

* integration of a Gamma S-Band SAR system

* on a manned aircraft with first flights/images in Nov 2025 and a more
recent update in May 2026

* on aHAPS/HALE is in discussion

aaﬂMA REMOTE SENSING

___Source: AALTO HAPS
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s gamma.s.ch

Microwavs Remote-Sensing

Thank you!

frey@gamma-rs.ch

https://www.gamma-rs.ch/instruments

g

fully polarimetric Pauli SAR image taken from a Harris HX8 octocopter drone

Drone SAR campaign in collaboration with the Cold Regions Research and Engineering Laboratory (CRREL), US Army Corps of Engineers
jamma-rs,ch * gamma@gamma:

Gimiigon, Sw

Conguiting *

GAMMA Romoto Sensing Roo

https://tinyurl.com/3xxrphsc
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