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Welcome to this short poster-presentation summarizing our current developments for on-board SAR processing



Please open the comments for additional information.
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* Beneficial for maritime situation awareness as position of ships or wind
speeds change rapidly /'

Project Overview =
» Development of prototype on-board satellite processing system for SAR and 000
optical instrument data €
* Design includes 7 MPSoC boards for processing and data handling, as well - W & |
as a TX/RX subsystem ey N
* Delivery to end user within 5 minutes after acquisition, saving satellite travel FRmY
time to nearest ground station ¥, “AI_ E RT
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On-board SAR processing is part of the H2020 EO-Alert project. 

The motivation for the project was to reduce the time between data acquisition and delivery to the end user. By moving the processing from a ground station or another ground-based processing facility onto the satellite, the time for travel to the ground station and raw data transfer is removed, saving several minutes depending on the distance between satellite and ground station. The goal is to have at most 5 minutes between data acquisition and delivery of products to the end user. Note that only the products are delivered, e.g. detected ships or extreme weather events. The raw data is stored and transferred to the ground station for later use. A transfer of the generated image would usually require too much transfer capacity to be feasible for the end user and also would not be helpful with regards to learning about extreme weather events.



The project creates a prototype of the processing and communication chain, it does not launch a satellite or design sensors. The modules and software developed can form the basis for an actual satellite design in the future.
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SAR processing board Acquisition properties
=

Multi-Processor System-On-Chip (MPSoC) * Scenes based on TerraSAR-X StripMap data
Xilinx Zynq UltraScale+ ZU19EG

downscaled to about 6m resolution

* Inverse SAR processor developed to create LO raw
data similar to instrument output

Programmable Logic (PL)  Up to three raw data blocks of 8192 x 32768 points

FPGA 16nm FInFET+, 6.2M ASIC each

e
gates capacity; 5 GB DDR4-2400 RaNg

=

Processing System (PS)

Quad-core ARM Cortex-A53
@ 1.2 GHz; 4 GB DDR4-2133

Z.
« Coverage area (single/min): E
12.5km x 30km (375km?2)

» Coverage area (triple/max):
37.5km x 30km (1125km?2)

c
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The MPSoC consists of two main parts: a programmable logic (PL) FGPA unit and an ARM-based processing system (PS). Our processing is split up between these two.

The PS can be used like a regular processor, so that not every processing step needs to be ported to hardware. The PL is used only for calculation intensive steps which are ported to the FPGA.
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No sensor is developed in the project, so TerraSAR-X data are used as basis for processing. An inverse SAR processor had to be developed as real TerraSAR-X raw data are unavailable. The resulting RAW data files emulate data generated by a SAR instrument. The project distinguishes between two scenarios: a single acquisition or the min strip and a triple acquisition or the max strip. In max strip, the processing flow shown on the next two slides is run three times sequentially.
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LOto L1 SAR RAW data processing

SAR RAW data
correction
PL

ADC correction
parameters
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The processing of RAW data (L0) to image product (L1) consists of signal processing of the sensor data and computation of processing and annotation parameters. Signal processing of the sensor data such as raw data correction, focusing via FFT/IFFT, antenna pattern correction, detection and multilooking demands high computation power, resources and I/O throughput, so this part of the algorithm is implemented in the PL with high parallelization. Computation of processing and annotation parameters such as geometric doppler centroid determination, SAR focusing parameters and geolocation are calculated in the PS as a software. 
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Detection Pre-
screening
PL

Detection
Refinement
PS
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Azimuth Ghost
Removal
PS

Instrument
properties

/ Ancillary /

TerraSAR-X data © DLR 2017

GSHHS
landmask

Land Grid Point
Removal

Ocean Backscatter
Detection
PS

L1to L2 SAR product generation — ship detection and extreme weather o

Land Object
Removal

PS

GSHHS
landmask

data

Wind Detection

Optional: Wind
direction model data

Wave Height
Detection

Ship Parameters
Extraction
PS

Scene ID: 42 A ‘k\
Alarm ID: 1 —
Timestamp: 1171299023 \

Lat: 40.7857933 %
Lon:14.24579716

Confidence: 99.9%

Length class: 5
Length: 132m
Width: 18m

Ship alert

Scene ID: 42

Alarm ID: 1

Timestamp: 1171299023

Lat: 40.7857933

Lon:14.24579716 '
Beaufort: 8 r
U10: 16m/s

Hs: 4.75m

Weather alert
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The next step is to generate final products (L2) from the L1 image. Two alternative scenarios are foreseen in the project: ship detection and extreme weather detection. Only one scenario is used for each acquisition.



In case of ship detection, the PL is used only in the the pre-screening, where a CFAR (constant false alarm rate) algorithm with high computational complexity is employed. For comparison, running the ship detection fully on the ARM CPU took about 17 minutes, of which more than 16 minutes were used in the first CFAR step. On the PL, this step takes only a few seconds. The later refinement and removal steps are only applied to the initially detected pixels and are computationally much less expensive, so they are conducted on the PS in software only.



The weather detection scenario is performed fully on the PS in software. The scene is herefor subdivided into sub-scenes of 2 km x 2 km and all steps are applied to each of these sub-scenes. The sub-scene size also determines the resolution of the generated product. 



For both scenarios, the GSHHS landmask is used due its compact data size and sufficient resolution. This is in contrast to land-based processing where the higher-resolved SRTM/SWBD landmask or even OpenStreetMap landmaks is used. Else, the algorithms are identical to their counterparts running in the DLR Neustrelitz satellite ground station since several years.



As results, alerts are generated, which are basically files or data streams. In case of ship detection, they contain ship data and additionally a thumbnail of the detected ship, while an extreme weather alert only contains location, wind speed and wave height. These alerts are suffienctly small to be easily transferred via direct satellite downlink or via low-bandwith satellite internet connections often available on ships.
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Achieved processing times =

* One block
e L1:4.4s
o [2:
 Ship detection: 30.0s
« Extreme weather: 34.9s

» Total: 34.5s (ship) / 39.4s (weather)
» Three blocks processed in ~120s
 Additional time for data handling and transfer: ~90s

« Alerts delivered to end user 2-3 minutes after
acquisition
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Stefan Wiehle

stefan.wiehle@dlr.de

Phone: +49 421 14420 1863

More information on the EO-ALERT project on
www.eo-alert-h2020.eu. The EO-ALERT project is
coordinated by DEIMOS Space, Madrid, Spain

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
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We have achieved a total processing time of less than 35s in the ship scenario and less than 40s in the weather scenario for one block; that means even the large 3 blocks scenario (with a ground coverage of 1175 km²) is calculated in under 2 minutes. Another 90 seconds are required for data handling and data transfer by other parts of the system also designed in the EO-Alert project; hence, a min strip scene is processed in 2-3 minutes with max strip only taking 3.5 minutes. We have hence surpassed the 5 minute goal!
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Thank you for viewing this presentation and reading these comments! Please do not hesitate to contact us if you have any questions.


