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LX-band Transponder Development A#y
DLR

w Start of L-band development J
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LX-band Transponder Development
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LX-band Transponder Development
DLR

Start of L-band development

Finalized transponder design
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LX-band Transponder Development ‘#7
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LX-band Transponder Development A#y
DLR

Start of L-band development

Finalized transponder design

Subsystem integration and test

Start of complete system integration

End-to-End testing of fully integrated transponder

Completely operational and deployed at DLR
Overpasses with TSX/TDX, SAOCOM and ALOS-2
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LX-band Transponder Development

Start of L-band development

Finalized transponder design

Subsystem integration and test

Start of complete system integration

End-to-End testing of fully integrated transponder

Completely operational and deployed at DLR
Overpasses with TSX/TDX, SAOCOM and ALOS-2

External calibration of transponder
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Transponder Characteristics A#y
DLR

Kalibri NG - X Kalibri NG - L
Frequency band X-band L-band

Bandwidth 1200 MHz 85 MHz
Polarization Single Adjustable Quad Pol

RCS S57... 68 dBm? 52 ... 62 dBm?
Abs. radiometric accuracy (1 o) | Expected <0.1dB |Expected <0.1dB
Radiometric stability (1 o) <0.05dB <0.05dB

remote sensing MDPI |
= s )

X_ b an d p r O t O ty p e C a.l I b r at ed W I t h O . O7d B aC C u r a-Cy 7I-Ihlmg]lll\l)" Accurate Radar Cross-Section and Transfer Function

Measurement of a Digital Calibration Transponder without
. « L . . . Known Reference—Part II: Uncertainty Estimation
See J. Reimann et al.: “ Highly Accurate Radar Cross-Section and Transfer Function Measurement of a Digital and Validation

Calibration Transponder without Known Reference—Part ll: Uncertainty Estimation and Validation “ Jens Reimann *®, Anna Maria Biichner @, Sebastian Raab @, Klaus Weldenhaupt, Matthias Jirousek
and Marco Schwerdt
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External Calibration
DLR

* DLR's ,Three Transponder Method" (3TM) used for transponder’s absolute
radiometric calibration
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External Calibration A#y
DLR

* DLR's ,Three Transponder Method" (3TM) used for transponder’s absolute
radiometric calibration

* Fully polarimetric system requires additional steps before 3TM can be
conducted

-> Polarimetric calibration of the transponder

= Polarimetric calibration of the transponder made up of two parts
1) Polarization alignment of the antennas
2) Synchronization of the channels in magnitude, phase and delay
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Polarimetric Calibration — Part 1
Transponder — OLR

D &

Electrical polarization alignment of L-band antennas

Electrical reference beacon with linear polarization
2. Continous measurement of H and V channel of antenna
Alignment until max. difference between both channels

approx. 45 dB

reference beacon

4. Repeat for second antenna

Railway cart DLR SAR
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Polarimetric Calibration — Part 2 A#y
DLR

Channel synchronization

1. Internal calibration of transponder
* Tune attenuators in all paths

= Correct magnitude, phase and delay
offsets with FPGA
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Polarimetric Calibration — Part 2 A#y
DLR

Channel synchronization

3\1 RX Path I
ADC
ZJ/I RX Path —
Tune attenuators
RX Antenna |
/Ci FPGA (| Data Correct magnitude,
L phase and delay
offsets with FPGA

DXPah Wissng ofsets |
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Polarimetric Calibration — Part 2 A#y
DLR

Results:

Channel synchronization

power / db
~J ~J
w -+

1. Internal calibration of transponder
* Tune attenuators in all paths
= Correct magnitude, phase and delay offsets with FPGA

power diff / dB
S o o
w o w

0 1 2 3 = 5
time/s le=5
2. Reference beacon at 45° polarization -
o 185
= Signal should be the same for H and V polarization W
3. Record data of both transponder channels : . i : : —

= Offsets can be calculated from measured data tme /3 le-s
Remaining differences:
Power (mean): - 0.078 dB
Phase (mean): 180.74 deg
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4. Repeat for second antenna




SAOCOM dual pol mode (TX: vertical)
TR not yet calibrated

Acquisitions — SAOCOM

Envelope Data Recording
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RFI — SRE-M Radar

DLR

Envelope Data Recording
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Transponder:

Center Time:

Rx Channel:

Time of Maximum:

Max. Power:

Max. RMS value:

Mean PRF:

Mean Pulse Width

Rx Antenna Polarization:
Rx Channel:

Time of Maximum:
Max. Power:

Max. RMS value:
Mean PRF:

Mean Pulse Width

Ixbandprototype

2024-02-12 17:22:02.116343 UTC
I_horizontal

-21172.450 ms

-89.28 dBW/m?

256.5 ADc

2.635 Hz, 0: 126226.486 Hz
1.751 ps, 0: 898.799 ns
I_horizontal: phi: 0.0 deg, tau: 0.0 deg
I_vertical

2092.184 ms

-76.10 dBW/m?

1114.5 ADc

2.062 Hz, 0: 108.335 Hz

2.262 us, 0: 347.644 ns

Fregquency range:
,Round-trip” time:

Power:
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RFI — SRE-M Radar

DLR

Envelope Data Recording

Mean Pulse Width
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ALOS-2 quad pol mode (TX: vertical, horizontal)
TR not yet calibrated

Acquisitions — ALOS-2

Envelope Data Recording

Power [W/m?]
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—90 dB
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s Envelope (horizontal)
* Envelope (vertical)

-5 0 5 10
Transponder: Ixbandprototype Mean PRF: 1305.198 Hz, 0: 0.136 Hz 4. Target Delay: 4.50 ps
Center Time: 2024-08-23 22:55:06.091211 UTC Mean Pulse Width: 25.824 ys, 0: 78.430 ns 4. Target RCS: 50.15 dBm?
Rx Channel: |_horizontal 1. Target Name: targetHH Alignment 258.3° az, 27.2° inc
Time of Maximum: 764,729 ms 1. Target Delay: 2.50 us
Max. Power: -60.55 dBW/m? 1. Target RCS: 50.06 dBm?
Max. RMS value: 5167.5 ADc 2. Target Name: targetHV
Mean PRF: 1305.198 Hz, 0: 0.136 Hz 2. Target Delay: 3.50 us
Mean Pulse wWidth: 25.816 ps, 0: 76.378 ns 2. Target RCS: 50.40 dBm?
Rx Channel: |_vertical 3. Target Name: targetvH
Time of Maximum: 834.834 ms 3. Target Delay: 1.50 us
Max. Power: -60.08 dBW/m? 3. Target RCS: 49.82 dBm?
Max. RMS value: 5287.0 ADc 4. Target Name: targetvv

Anna Maria Biichner, German Aerospace Center (DLR) - Microwave and Radar Institute, 13 of November 2024

AL¢5-2 N s 7=

Calibration Center

DLR SAR
Calibration Center

7 4




AcC q uisitions — ALOS-2 ALOS-2 quad pol mode (TX: vertical, horizontal)

TR not yet calibrated
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1 acquisition = 4 polarimetric signatures
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Conclusions ‘#7
DLR

= Successfull deployment of dual-band
transponder at DLR

» Performed external polarimetric calibration

= First iteration of radiometric calibration (,3TM")
has been completed (analysis ongoing)

= Successfull polarimetric SAR acquisitions with
dual-band transponder and various missions
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