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White noise
e Some cameras are very noisy

 White noise is incompressible
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« Some cameras are very noisy

. . . . . Pixel value distribution over
* White noise is incompressible ) 400 Frames )

White noise

Single Frame L memw 400 Frame Mean
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White noise
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« White noise is incompressible

400 Frame Mean
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Fourier Jl Transforms

White noise
e Some cameras are very noisy

« White noise is incompressible

Single Frame 400 Frame Mean
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Challenges at Wendelstein 7-X — camera level

White noise

Fourier Jl Transforms

« Some cameras are very noisy

« White noise is incompressible

Single Frame 4 9 Frame Mean
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Challenges at Wendelstein 7-X — camera level

White noise

Fourier Jl Transforms

« Some cameras are very noisy

« White noise is incompressible

4 9 Frame Mean

(Non-)Alignment of pixel data Single Frame

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W?7X | Outlook | Standardization

MAX PLANCK INSTITUTE FOR PLASMA PHYSICS | SIMON FISCHER | 14TH IAEA CODAC TM 2024 | SAO PAULO ON INTENSITY, RELATIVITY, SHIFT & COMPRESSION 7



Wendelstein

=

Challenges at Wendelstein 7-X — camera level

White noise

Fourier Jl Transforms

« Some cameras are very noisy

« White noise is incompressible

4 9 Frame Mean

(Non-)Alignment of pixel data Single Frame
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Challenges at Wendelstein 7-X — camera level

Fourier jll Transforms

(Non-)Alignment of pixel data Single frame ____ ] - oremevea
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White noise
e Some cameras are very noisy

« White noise is incompressible
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« Some cameras are very noisy

« White noise is incompressible
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Challenges at Wendelstein 7-X — camera level

Wh |te n O | S e Fourier Jll Transforms

« Some cameras are very noisy

« White noise is incompressible

(Non-)Alignment of pixel data Single frame ____ ] - oremevea

* You need to know
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Challenges at Wendelstein 7-X — camera level

Fourier jll Transforms

(Non-)Alignment of pixel data Sigierame - oramewenn
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* You need to know

White noise

« Some cameras are very noisy

« White noise is incompressible

« Complicates finding the non-noisy part & assess the relativity

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W7X | Outlook | Standardization

MAX PLANCK INSTITUTE FOR PLASMA PHYSICS | SIMON FISCHER | 14TH IAEA CODAC TM 2024 | SAO PAULO ON INTENSITY, RELATIVITY, SHIFT & COMPRESSION 7



Wendelstein

=

Challenges at Wendelstein 7-X — camera level

Fourier jll Transforms

(Non-)Alignment of pixel data Sigierame - oramewenn

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

* You need to know

White noise

« Some cameras are very noisy

« White noise is incompressible

« Complicates finding the non-noisy part & assess the relativity

Requirement for lossless
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Challenges at Wendelstein 7-X — camera level

Fourier jll Transforms

White noise
e Some cameras are very noisy

« White noise is incompressible

4 9 Frame Mean

(Non-)Alignment of pixel data Single Frame

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

* You need to know

« Complicates finding the non-noisy part & assess the relativity

Requirement for lossless

« Lossy compression not only looses scientific data, but changes it
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Challenges at Wendelstein 7-X — camera level

White noise

Fourier jll Transforms

(Non-)Alignment of pixel data singerrame - BENAY ] - o vean

« Some cameras are very noisy

« White noise is incompressible

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

* You need to know

« Complicates finding the non-noisy part & assess the relativity

Requirement for lossless
« Lossy compression not only looses scientific data, but changes it

e There also could be a Nobel Prize hidden in those bits we lose...
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Long Pulses & lots of Cameras
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« Stellarators (in theory) support continuous operation
* Goal of W7-X: 30 minutes

» Archiving/compression required in (near) real time

« Present: ~100 cameras — .8 to 5.5 MP - 25 to 400 FPS (+ analyzed data)
- Example OP2.1: Divertor thermography + Halpha + EDICAM:
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Challenges at Wendelstein 7-X — machine level N
W7X Archives

Long Pulses & lots of Cameras
« Stellarators (in theory) support continuous operation
* Goal of W7-X: 30 minutes

» Archiving/compression required in (near) real time

600TByte

400TByte

« Present: ~100 cameras — .8to 5.5 MP - 25 to 400 FPS (+ analyzed d
- Example OP2.1: Divertor thermography + Halpha + EDICAM: E

ST e ¥ N
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200TByte

35 cameras + 12x thermal: _~.8PBYyte raw data
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Challenges at Wendelstein 7-X — machine level X

W7X Archives

cP11 CP1.2a CP1.2b cP2 [ MP2.2
oPL.1 OPl2a  OPL2b oP2.1 OFp.2

Long Pulses & lots of Cameras
« Stellarators (in theory) support continuous operation
* Goal of W7-X: 30 minutes

» Archiving/compression required in (near) real time

600TByte

400TByte

« Present: ~100 cameras — .8to 5.5 MP - 25 to 400 FPS (+ analyzed d
- Example OP2.1: Divertor thermography + Halpha + EDICAM: -

\Al
[
N
29

200TByte

35 cameras + 12x thermal: _~.8PBYyte raw data

Data swamp
 Risk: relevant potions are hard to find -> a lot of archived data is rarely/never read
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Challenges at Wendelstein 7-X — machine level X

W7X Archives

cP11 CP1.2a CP1.2b cP2 [ MP2.2
oPL.1 OPl2a  OPL2b oP2.1 OFp.2

Long Pulses & lots of Cameras

« Stellarators (in theory) support continuous operation
* Goal of W7-X: 30 minutes

» Archiving/compression required in (near) real time

B00TByte
600TByte

400TByte

« Present: ~100 cameras — .8to 5.5 MP - 25 to 400 FPS (+ analyzed d
- Example OP2.1: Divertor thermography + Halpha + EDICAM: -

A\ (\I AN \Al A\ f\l
10{:'\"‘ 'L“Xb'\a 10«,1'\2’ 1@,%’\“ 10@'\"’ ,Lol"'\a

200TByte

’\-a'ﬁ ’\a(\
A ';01&

e
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\A \\
,Lg’l’l"\a 101’5'\3

35 cameras + 12x thermal: _~.8PBYyte raw data

Data swamp
 Risk: relevant potions are hard to find -> a lot of archived data is rarely/never read
» Fast (overview) access needed to support filtering

Challenges
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How do people archive images / videos for scientific use?
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How do people archive images / videos for scientific use?

« Store them uncompressed (aren’t that many & storage is cheap)

« They don’t (archive them)

« Throw most away (after selecting an important few)

« Compress utilizing general bit stream compressors (or compressing FS)

« Store lossy/visually lossless, utilizing (HW supported) standard video compressors

e (Get creative with lossless H264
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How do people archive images / videos for scientific use?

« Store them uncompressed (aren’t that many & storage is cheap)

« They don’t (archive them)

« Throw most away (after selecting an important few)

« Compress utilizing general bit stream compressors (or compressing FS)

« Store lossy/visually lossless, utilizing (HW supported) standard video compressors
 Get creative with lossless H264

 Cut bit depths down to 8-10 bpp grayscale
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« Store them uncompressed (aren’t that many & storage is cheap)
« They don’t (archive them)
« Throw most away (after selecting an important few)
« Compress utilizing general bit stream compressors (or compressing FS)
« Store lossy/visually lossless, utilizing (HW supported) standard video compressors
 Get creative with lossless H264
 Cut bit depths down to 8-10 bpp grayscale

« (Mis-)use chroma planes of YUV
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State of the art Y

How do people archive images / videos for scientific use?
« Store them uncompressed (aren’t that many & storage is cheap)
« They don’t (archive them)
« Throw most away (after selecting an important few)
« Compress utilizing general bit stream compressors (or compressing FS)
« Store lossy/visually lossless, utilizing (HW supported) standard video compressors
 Get creative with lossless H264
 Cut bit depths down to 8-10 bpp grayscale

« (Mis-)use chroma planes of YUV

And you?

S.o.t. Art
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What do we do at W7-X?
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« Optimize storage format for fast read out of most important/valuable data

* ... and even faster preview
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Wendelstein

State of the art £

What do we do at W7-X?

« Normalize to intensity maximum at 65535

« Compress losslessly, in real time, without specific hardware acceleration
« Optimize storage format for fast read out of most important/valuable data

* ... and even faster preview

Compression Ratio: 36% (- 58%%)
All Divertor protection infrared (+thermal) and Halpha visible cam« SaVI n gS " 0'5 Peta‘byteS Of arC h Ive Sto rag e
jrl"!ﬂ@'l'!!‘j: fs total compressed size: 2797328617L_._. total ran slze: Jooilliooolllil
compression ratio: 35,8
compressed size: 260521,5 GiB total raw size: 728687,0 GiB
Total compressed size: 279732,9 GB total raw size: 782421,7 GB
Total compressed size:

+ no network upgrade necessary

*58% due to configuration error: data not normalized

254,4 TiB total raw size: 711,6 TiB
’ ’ ‘All (operational) EDICAM visible cameras during OP2.1:

Total compressed size: 279,7 TB total raw size: 782,4 TB . X
mples: total compressed size: 12213187607703 total raw size: 21197388513280
compression ratio: 57,6 *
Total compressed size: 11374,4 GiB total raw size: 19741,6 GiB

Total compressed size: 12213,2 GB total raw size: 21197,4 GB
Total compressed size: 11,1 TiB total raw size: 19,3 TiB

Total compressed size: 12,2 TB total raw size: 21,2 TB

S.o.t. Art
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We need to compress losslessly —what options do we have?

FPV History
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression
« JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?

 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression
« JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)

« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression

JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)
« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression

« FFV1: 300% of RT, 50% compression

« FFVHUFF/Dirac: < 90% of RT, >90% compression ...
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression

JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)
« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression

« FFV1: 300% of RT, 50% compression

« FFVHUFF/Dirac: < 90% of RT, >90% compression ...

What about HW support? (Nvidia CUDA - Intel QSV lossy only)
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression

JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)

« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression

« FFV1: 300% of RT, 50% compression

« FFVHUFF/Dirac: < 90% of RT, >90% compression ...

What about HW support? (Nvidia CUDA - Intel QSV lossy only)

« JPEG2000 CUDA: ~100% of RT, 77% compression (commercial codec, expensive)
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression

JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)

« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression

« FFV1: 300% of RT, 50% compression

« FFVHUFF/Dirac: < 90% of RT, >90% compression ...

What about HW support? (Nvidia CUDA - Intel QSV lossy only)

« JPEG2000 CUDA: ~100% of RT, 77% compression (commercial codec, expensive)
« H264/265 CUDA: only <= 10bpp
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression

JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)

« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression

« FFV1: 300% of RT, 50% compression

« FFVHUFF/Dirac: < 90% of RT, >90% compression ...

What about HW support? (Nvidia CUDA - Intel QSV lossy only)

« JPEG2000 CUDA: ~100% of RT, 77% compression (commercial codec, expensive)
« H264/265 CUDA: only <= 10bpp

« 8/10MSB in Y, restin U plane: 80% of RT, 36% compression
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Wendelstein

Fusion Power Video — A short history (I) X

We need to compress losslessly —what options do we have?
 Bit stream compressors: ZSTD on fast — 60% of real time (RT), 60% compression

JPEG lossless: 8 bpp only

« H264: >10 bpp only with expensive commercial solutions (not tested)

« H265/VP9: (max. 12 bpp) — 550% of RT, 25% compression

« FFV1: 300% of RT, 50% compression

« FFVHUFF/Dirac: < 90% of RT, >90% compression ...

What about HW support? (Nvidia CUDA - Intel QSV lossy only)

« JPEG2000 CUDA: ~100% of RT, 77% compression (commercial codec, expensive)

« H264/265 CUDA: only <= 10bpp 1,6 GByte .
o s S 256 MByte
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« 8/10 MSB in Y, rest in U plane: 80% of RT, 36% compression |cem "

« 8/10 MSB in grayscale, rest in separate stream (bit packing): —— -
60% of RT, 33% compression (~6% MSB) (24 GByte

FPV History
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro:
* Support for lossless & 16+bpp
 Moderate compute resources
 (upcoming) open standard & open source
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing

Contacts to JPEG XL developers lead to cooperation with Google Research, Zurich

Google Research
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing

Contacts to JPEG XL developers lead to cooperation with Google Research, Zurich

 Supported with in depth domain knowledge

Google Research
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing

Contacts to JPEG XL developers lead to cooperation with Google Research, Zurich

 Supported with in depth domain knowledge

« Analyzed samples of real world W7-X videos GO gle Resea rCh
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing

Contacts to JPEG XL developers lead to cooperation with Google Research, Zurich
 Supported with in depth domain knowledge

« Analyzed samples of real world W7-X videos GO gle Resea rCh

« Identified, implemented & open sourced low compute,
high impact W7-X specific compression scheme
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing

Contacts to JPEG XL developers lead to cooperation with Google Research, Zurich
 Supported with in depth domain knowledge

« Analyzed samples of real world W7-X videos GO gle Resea rCh

« Identified, implemented & open sourced low compute,
high impact W7-X specific compression scheme

 Collaboratively evolved the C++ implementation
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Wendelstein

Fusion Power Video — A short history (Il X

New upcoming, promising standard: JPEG XL

pro: con:
* Support for lossless & 16+bpp * not yet finalized (2020)

« Moderate compute resources  Reference implementation not ready for
 (upcoming) open standard & open source reference testing

Contacts to JPEG XL developers lead to cooperation with Google Research, Zurich
 Supported with in depth domain knowledge

« Analyzed samples of real world W7-X videos GO gle Resea rCh

« Identified, implemented & open sourced low compute,
high impact W7-X specific compression scheme

 Collaboratively evolved the C++ implementation

https://github.com/google/fusion-power-video

FPV History
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Wendelstein

Fusion Power Video — Algorithm Details £

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W?7X | Outlook | Standardization
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Wendelstein

Fusion Power Video — Algorithm Details N

FPV Algorithm
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Wendelstein

Fusion Power Video — Algorithm Details N

mmg aligned

Left Shift to
Alignment

FPV Algorithm
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Wendelstein

Fusion Power Video — Algorithm Details N

Preview

Ya X Ya, 7bpp

mmg aligned

Low

plane
(0-8 MSB)

Left Shift to Plane
Alignment Splitting

FPV Algorithm
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Wendelstein

Fusion Power Video — Algorithm Details N

Preview

Ya X Ya, 7bpp

mmg aligned Y

Low
plane x

(0-8 MSB) e

Left Shift to Plane Delta
Alignment Splitting Prediction

FPV Algorithm
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Wendelstein

Fusion Power Video — Algorithm Details [
? = clamp(
min(N,E),
N + E - NE,
Preview max (N,E) ) :
x Preview
Ya X Ya, 7bpp
N NE

mmg aligned

Low
plane x

(0-8 MSB) e

Left Shift to Plane Delta Clamped Gradient
Alignment Splitting Prediction Prediction
FPV Algorithm
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Wendelstein

Fusion Power Video — Algorithm Details N

? = clamp(

min(N,E),
N + E - NE,
Preview max (N, E)) compressed
N NE

compressed

s aligned High

plane

compressed

Low

plane
(0-8 MSB)

Low
plane

Low
plane

Left Shift to Plane Delta Clamped Gradient brotli Stream
Alignment Splitting Prediction Prediction Compression

FPV Algorithm
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X

Where did we go from there?

FPV@W7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X

Where did we go from there?
« Java wrapper around the C++ library

« Performance issues at JNI boundary: copy ops & incompatible asynchrony
frameworks

FPV@WT7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X

Where did we go from there?
« Java wrapper around the C++ library

« Performance issues at JNI boundary: copy ops & incompatible asynchrony
frameworks

 Full reimplementation in native Java

« Exception: brotli compression (uses brotli4j INA wrapper of libbrotli)

FPV@WT7X

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA



Fusion Power Video — Implementation at Wendelstein 7-X

Where did we go from there?
« Java wrapper around the C++ library

« Performance issues at JNI boundary: copy ops & incompatible asynchrony
frameworks

 Full reimplementation in native Java

« Exception: brotli compression (uses brotli4j INA wrapper of libbrotli)
« Columnar serialization format

« Batches of e.g. 100 frames

 non-interlaced planes for efficient extraction of details

FPV@WT7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X

How to work with FPV data from W7-X ArchiveDB?

FPV@W7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader

FPV@W7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader

« SignalAccess and WebAPI offer 4 separate signals: ,_
» highbits
P preview
P denormalized

A | ArchiveDB raw WYX [ ControlStation.2211

FPV@W7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader

« SignalAccess and WebAPI offer 4 separate signals: ,_
» highbits

« full: left aligned 16 bpp (values 0 — 65535) b proview

P denormalized

A | ArchiveDB raw WYX [ ControlStation.2211

FPV@WT7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader

« SignalAccess and WebAPI offer 4 separate signals: ,_
» highbits

« full: left aligned 16 bpp (values 0 — 65535) b proview
P denormalized

 highbits: left aligned 8 bpp MSBs (values 0 — 255)

A | ArchiveDB raw WYX [ ControlStation.2211

FPV@WT7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader

« SignalAccess and WebAPI offer 4 separate signals: ,_
» highbits

« full: left aligned 16 bpp (values 0 — 65535) b proview
P denormalized

 highbits: left aligned 8 bpp MSBs (values 0 — 255)
« preview: left aligned 7 bpp, 4x4 subsampled (values 0 — 254)

A& | ArchiveDB raw WYX [ ControlStation.2211

FPV@WT7X
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Wendelstein

Fusion Power Video — Implementation at Wendelstein 7-X X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader
« SignalAccess and WebAPI offer 4 separate signals: ,_

« full: left aligned 16 bpp (values 0 — 65535) Lo

- highbits: left aligned 8 bpp MSBs (values 0 — 255) ™"

« preview: left aligned 7 bpp, 4x4 subsampled (values 0 — 254)

« denormalized: reconstructed original alignment, 16 bpp (values camera dependent)

A& | ArchiveDB raw WYX [ ControlStation.2211

FPV@WT7X
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Fusion Power Video — Implementation at Wendelstein 7-X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader
« SignalAccess and WebAPI offer 4 separate signals: ,_
« full: left aligned 16 bpp (values 0 — 65535) Lo
P denormalized

 highbits: left aligned 8 bpp MSBs (values 0 — 255)
« preview: left aligned 7 bpp, 4x4 subsampled (values 0 — 254)

Wendelstein

AR

A& | ArchiveDB raw WYX [ ControlStation.2211

« denormalized: reconstructed original alignment, 16 bpp (values camera dependent)

e Current limitations:

 Client side decompression using Java API (SignalAccess) —including full data

download even for preview

FPV@WT7X
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Fusion Power Video — Implementation at Wendelstein 7-X
W7-X Archive WEB API

How to work with FPV data from W7-X ArchiveDB?
« Decompression is fully transparent to the reader
« SignalAccess and WebAPI offer 4 separate signals: ,_
« full: left aligned 16 bpp (values 0 — 65535) Lo
P denormalized

 highbits: left aligned 8 bpp MSBs (values 0 — 255)
« preview: left aligned 7 bpp, 4x4 subsampled (values 0 — 254)

Wendelstein

AR

A | ArchiveDB raw WYX [ ControlStation.2211

« denormalized: reconstructed original alignment, 16 bpp (values camera dependent)

e Current limitations:

 Client side decompression using Java API (SignalAccess) —including full data

download even for preview

«  With compression, we pay space savings withh compute: reading is slower tham om

raw data

FPV@W7X
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Wendelstein

Outlook AN

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W7X | Outlook | Standardization
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Wendelstein

Outlook AN

 Try to go open source
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Wendelstein

Outlook AN

 Try to go open source
« Implement read optimizations for preview & high planes
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Wendelstein

Outlook AN

 Try to go open source
« Implement read optimizations for preview & high planes
« Prevent delta frame duplication

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W?7X | Outlook | Standardization
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Wendelstein

Outlook laa

 Try to go open source

« Implement read optimizations for preview & high planes
 Prevent delta frame duplication

* Directly use FPV preview in W7-X DataMonitor

Outlook

MAX PLANCK INSTITUTE FOR PLASMA PHYSICS | SIMON FISCHER | 14TH IAEA CODAC TM 2024 | SAO PAULO ON INTENSITY, RELATIVITY, SHIFT & COMPRESSION 16



Wendelstein

Outlook la

 Try to go open source

« Implement read optimizations for preview & high planes

 Prevent delta frame duplication

* Directly use FPV preview in W7-X DataMonitor

 Allow WebAPI Archive uploads with compression / of compressed data

Outlook
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Wendelstein

Outlook la

 Try to go open source

« Implement read optimizations for preview & high planes

« Prevent delta frame duplication

 Directly use FPV preview in W7-X DataMonitor

 Allow WebAPI Archive uploads with compression / of compressed data

Since it is standardized these days: evaluate jpegXL

« Would offer colored images, maybe multispectral, maybe float images, more
generalized image compression

« Compare performance of FPV preview and progressive jpegXL
« Compare performance of FPV high byte only extraction and progressive jpegXL

- maybe combine approaches for future jpegXL based lossless video compression
scheme

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W7X | Outlook | Standardization
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From first principles — a call for standardization £

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W?7X | Outlook | Standardization
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Wendelstein

From first principles — a call for standardization £

Let all be aligned to tihe left!

Don’t stuff your tummy with waste!

All power to the little people!

All types are not created equal?

Digital images | Compression | Challenges | S.o.t. Art | FPV History | FPV Algorithm | FPV@W?7X | Outlook | Standardization

MAX PLANCK INSTITUTE FOR PLASMA PHYSICS | SIMON FISCHER | 14TH IAEA CODAC TM 2024 | SAO PAULO ON INTENSITY, RELATIVITY, SHIFT & COMPRESSION 17



Wendelstein

From first principles — a call for standardization N

« Let all be aligned to the left!
« When working with relative intensity images, normalize everything to 65,535

 Don’t stuff your tummy with waste!

« AlV power to the little people!

« Alltypes are not created equal?

Standardization
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Wendelstein

From first principles — a call for standardization N

Let all be aligned to the left!
« When working with relative intensity images, normalize everything to 65,535

Don’t stuff your tummy with waste!
- Before compressing images, remove what’s of no value

All power to the little people!

All types are not created equal?

Standardization
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Wendelstein

From first principles — a call for standardization N

Let all be aligned to the left!
« When working with relative intensity images, normalize everything to 65,535

Don’t stuff your tummy with waste!
- Before compressing images, remove what’s of no value

C el b over

P
Most significant byte Least significant byte

All power to the little people! | 1

1991994 = . 0000 0000 'nnmlﬁm [ot10 0101|0011 1010
* Almost all compute hardware today (for integers)is _____~ — T T = 7 :
LITTLE ENDIAN — use it e e m o = E
‘%ﬁ‘l}aéfzt“uﬁ?;‘g::;ﬂm _ Uleendan o |\1.E| |m | E
« Alltypes are not created equal?
Standardization
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Wendelstein

From first principles — a call for standardization N

Let all be aligned to the left!
« When working with relative intensity images, normalize everything to 65,535

Don’t stuff your tummy with waste!
- Before compressing images, remove what’s of no value

“Piel Valii distribution over

PR
° Avv power to me V'v'me peopvel! Tostsig;lnifican.tbyle | Ljistsig‘nificar;tbyle

« Almost all compute hardware today (for integers)is e 7T T :
LITTLE ENDIAN — use it A o 1 [l | 3

« Alltypes are not created equal? 01 +02 I=0.3

« Generally, IEEE floating point does more harm than help — prefer 0/0 !'= 0/0

fixed point == integer -0 == +0
Standardization
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Wendelstein

Questions? X

Thank you

very much
for your attention!

A Eg ]

Simon Fischer
X< simon.fischer@ipp.mpg.de
M @simon-fischer-24255a109
X @percurious

=S
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Wendelstein

Basics — Compression schemes — predictive encoding £

Predict the next value based on previous one(s)

* Prediction: Each value is equal to its predecessor

Subtract the predicted from the actual value

* Good prediction: values of/around 0 are dominant

« Bad prediction: values vary a lot
O

Good prediction: Variable length encoding (maybe even RLE) is very effective

(bad prediction @ encoding effect low/negative)

In images, predictions can utilize spatial coherence —in video also temporal

Compression
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