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What we had: the Jetraw algorithm
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• A compression algorithm that treats images as measurements. 

• Market growth due especially to an increase in Machine Learning applications. 

• A proof-of-concept for the space implementation (GSTP Element 1).

http://jetraw.com


Dotphoton dotphoton.com

What we wanted to achieve
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• An FPGA implementation, suitable for being integrated in space missions. 

• Test and validate image compression before the mission (quality, compression ratio) 

• Improve our development process and tools 

• Make a portable demonstrator camera with compression for trade shows 

• Demonstrate the increased performance that can be had when ML algorithms are used 
with raw data. 

• Find customers for the products

http://jetraw.com
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The Jetraw algorithm

http://jetraw.com
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Image compression is a trade-off 
between quality, speed and size
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Speed/Processing

Compression Ratio

Image 
Quality

Lossy Compression
Lossless Compression
Jetraw

http://jetraw.com
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Jetraw has the best in class performance in compression 
ratio and speed thanks to embedded sensor noise model
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Compression speed, MB/s/core

Compression ratio “ It was extremely appealing from PCO's point of 
view to obtain a compression method that 
exploits the individual image capture chain of 
each camera model”

Gerhard Holst,  

Head of Science & 
Research at PCO

http://jetraw.com
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Jetraw has the best in class performance in compression 
ratio and speed thanks to embedded sensor noise model
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“ We selected the Jetraw by Dotphoton 
due to the combination of the method’s 
tight control on the maximum 
compression error, the compression 
ratio achieved and the algorithm 
speed”

Chris Dunsby,  

Imperial College 
London
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Aerospace Photography Microscopy Average Test scene 

zlib LERC JPEG-LS Jetraw

Average compression ratio by application

http://jetraw.com
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Reasons for the difference. 
Jetraw has been developed for raw 
data, seen by algorithms.
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➊

Other compression methods have been 
developed for the human eye, To maximise 
PSNR, to reduce mean-square difference 
between original and compressed file.

➋
PSNR assumes that the original image is 
noise-free.

➌
PSNR only depends on signal amplitude, 
not correlations.

➍
For modern sensors and applications, 
Jetraw is more suitable.

http://jetraw.com


Jetraw by Dotphoton jetraw.com

Noise plays an important role in modern images. 
Other compressors allocate more storage to noise 
than to information
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Original 2: PSNR 52dB JPEGXL: PSNR 53dBOriginal

http://jetraw.com
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Other compression methods destroy correlations
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Other compression methods are biased
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Jetraw JPEG

http://jetraw.com
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Raw is a well defined measurement
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Requirement: Traceability of the image 
generation process (camera or sensor)

Analog 
processing

Digital 
ProcessingOptics

Digital image generation

Task

Errors are:

Precision 
& accuracy

Raw data Processed data

Low precision High precision

High accuracy Low accuracy

✔ Specified

✔ Independent

✔ Unbiased

http://jetraw.com
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Steps to compression and decompression
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Image 
preparation

1288

Lossless 
compression

Lossless 
decompressionRAW 

image
Compressed 

raw image

Prepare image with noise replacement. 
Losses <1dB SNR, e.g. ISO100→ISO115

RAW image

Camera calibration 
(EMVA)

1288

New camera 
calibration (EMVA)

http://jetraw.com
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The tradeoff
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Disadvantages of Jetraw Further advantages of Jetraw

✔ Only works for raw data ✔ Engineering with accurate 
tolerances 
→ easier testing and failure 
detection

✔ The sensor and settings 
must be know at 
compression time

✔ Generate accurate synthetic data 
→ test system “in silico”

✔ Several complexities in 
implementing the 
algorithm 

✔ Use uncertainty data to improve 
algorithm performance 
→ “better than lossless”.

Speed/Processing

Compression Ratio

Image 
Quality

Lossy Compression
Lossless Compression
Jetraw

http://jetraw.com
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Summary
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Loss level Tightly-controlled 
1.2dB SNR (equiv. increase ISO100→ISO115)

Typical compression ratio 7:1    (always in the range 4:1 to 9:1)

Typical speed FPGA → up to 100Gbps (6.25 Gpx/s) 
CPU (Intel/AMD/ARM) → 1.6Gbps/core (100Mpx/s/core)

Data formats Any uncompressed format, typically TIFF or proprietary raw formats

http://jetraw.com


Jetraw by Dotphoton jetraw.com

Practical example 1: 
one 8Mpx camera, 30 fps
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Data 
rate

Disk video capacity time 
(4TB ssd)

Upload time (8h of video, over 1Gbps)

Without 
Jetraw

480 MB/s 
1.7 TB/h

2.3 hours 16h

With 
Jetraw

68 MB/s 
0.25 TB/h

16 hours 3h

http://jetraw.com
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Deployment possibilities
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Advantages Development status

FPGA (on 
instrument)

Improve 
performance from 
the start

Ready

FPGA (datacenter) High throughput 
with low CPU and 
network load

In development

Software library Easy deployment, 
fast enough

Ready

Transparent 
compression proxy

Easy large scale 
deployments

Beta

FPGA performance and resource usage

http://jetraw.com
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Validation tools
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Testing, verification and validation tools

http://jetraw.com
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End-to-end model overview
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http://jetraw.com
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End-to-end model results
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• Inspired from “Pyxel”, using the “Poppy” 
physical optics propagation code 

• Tolerances discussed with MediaLario

http://jetraw.com
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FPGA validation
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• Questasim 
• “Design-tester” automated AXI4-stream design tool in python 
• vunit 
• Test platform 1, based on KU105, images sent from computer (quality testing) 
• Test platform 2, based on KU105, artificial test patterns generated on FPGA (perf 

testing) 
• Demonstrator, based on KD260 (“Krya Vision”)

http://jetraw.com


Dotphoton dotphoton.com

New development process and tools
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• “Notion” did finally not work out, difficult to do configuration management. 
• New development process based on integrating the following: 

• Github (version tracking) 
• cmake (configuration management) 
• Sonarqube (CI/CD, static code analysis) 
• Grist (Requirements management, traceability and project management) 
• Latex (Documentation)

http://jetraw.com
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Software
Requirement
Specification

—May 22, 2023 —

Dotphoton AG
Nordstrasse 3
6300 Zug
Switzerland

http://jetraw.com
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Demonstrate improved performance of 
ML algorithms with RAW data

http://jetraw.com
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OBPDC 2022, NeurIPS 2022
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OBPDC 2022, NeurIPS 2022
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Demonstrator: Live!

http://jetraw.com

