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On board processing problem statement

 |Increase utilization of on-board resources

* Lower latency
« Toground

« Tipandcue
* Higher bandwidth from sensor
* Novel use cases
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Background: Why Pre-Processing is Critical

* Pre-processing for
Hyperspectral/Multispectral

 Initial version built for iX5/Simera imagers

« Loom goals

 High speed - imager bandwidth limited
* Simplify neural network deployments

Orthorectification
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Image parsing

\ Image band merging

>

4

Image band
co-registration

r

Calibration

Radiance and and de-noising
reflection correction

Orthorectification
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Platform targets

e Two

APU RAM 2GB 24 GB

GPU 42 GFLOPS  ~ITFLOPS
FLOPS32

MEM BW 5.7 GB/s 30+ GB/s
GPU API OpenCL OpenCL/HIP
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Unibap HW crash course

Custom
GTY

Custom
LVDS

Ethernet

FPGA

SpaceWire

RAM

4

Y

PCle—>

CPU+GPU

Storage

Ingest via FPGA to APU

« Shared memory CPU/GPU

Process, then write to disk or NPU
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Performance targets

« X5 1+ Gbit/s
¢ iX10 6+ Gbit/s

« Sub pixel interpolation errors
* Filters can be optimized for speed

« Positional errors on perfect telemetry <1
pPX avg
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Overall architecture

1 pass operation

« Optimized for CPU/GPU architectures and
handing data to neural network
accelerators nput plagins

Algorithmic pipeline [«—Configuration—
« C++/HIP/OpenCL for anything that et ] %
touches pixels

SCOS monitor gRPC

A

Spacewire DMA P EEREETEEEEPEEE :

Sensor Image registration |

f —gRPC—>»
service

« Python for support Packetdata
« Main threads

\ 4

Parser/warp pipe

inotify—!

Unibap SDMA

axitap DMA

« Dataingest

« Parsing
 Coefficient calculation
« Warper

« Image output
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Slots and data passing

* Pipelineisrun as a set of threads
exchanging indices across queues

« Each interchange has a set of pre-
allocated slots

« Context window kept small to minimize
mMmemory usage

4096

« Target <256 MB on iX5

Input slice

Input context to kermnel

1024

Output from kernel

Tiff writer input
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Data ingest

« (Get data from various sources to GPU

Input plugins
owned memory

file reader

« User owned buffers

Spacewire DMA

Sensor
Packet data

Unibap SDMA

axitap DMA
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SDMA

 Primary way is SDMA

« Shared DMA across ~all interfaces on the
FPGA

ser allocating a new
buffer

Driver owned

 Minimize system overhead, all to user
owned buffers

QUEUE
DEQUEUE && User owned
buffer_returned=0

DEQUEUE &&
buffer_returned=1

FPGA owned

INVAL INVALIDATE

Buffer cleaned up

INVALIDATE IDATE
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Parser

Pixel block metadata Pixel block metadata Pixel block metadatal
Pixel block metadata Pixel block metadata Pixel block metadatal
Pixel block metadata Pixel block metadata Pixel block metadatal
Pixel block metadata Pixel block metadata Pixel block metadata|

Pixel block Pixel block Pixel block

Pixel block Pixel block Pixel block

Pixel block Pixel block Pixel block

Pixel block Pixel block Pixel block

metadatametadatametadatametadatametadatametadatametadatal

Go from vendor representation to
something that is easier to work with for
upcoming steps

« Separated pixel buffers
 Timestamps

Can ideally be moved to FPGA (or
iImager(!))
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Coefficient pipe

« Initial version in python, communicating
with shared memory

 Decide target

« Decide individual warp pairs
« RPC

« Set rad to reflectance weight and level
adjustment

« Can be improved

le6
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Warp pipe

« Sample source from well defined output
pixels

« OpenCL for iX5 support

« Going to HIP for future versions

« |nefficient in first version due to copy

Source image

Y
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Output

 Custom Cloud optimized GeoTIFF writer

« Writes a slot right to memory in
continuous chunks

-Along track positon—— »
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Performance

« Home built tracing for first version
« Make sure all threads have work

e Performance caveats

* Slower disks on development kits

« Python!

44 80U ms 41,400 ms I%.UUU ms
L L L L L s L L L

JE0processor_main

waiting_for_python_sem

Warper_main Warper_main warper_main hawe_pixeldata Warper_
waiting_for_meta_msg

metadata_main m.. M.

coeffpipe_main coef

fif...
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info@unibap.com

Unibap Space Solutions AB (publ).

Vastra ,&gatan 16, 5 tr
SE-753 09 Uppsala Sweden

unibap.com
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