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OUTLINE

Machine learning based data reduction methods are highly efficient
Case 1 : High-throughput on-the-fly data reduction at the edge
Case 2 : Real time feedback: rapid detection of rare events in situ

Case 3 : Closing the loop : autonomous experiment steered at the edge

On-chip data compression to tackle challenges from the increasing data rate
Case 4 : Co-designing ASIC with on-chip compression (“SparkPix-RT”)

@ You

What is the strength of machine learning based data reduction method, in one word
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MOTIVATION
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TEACH Al ABOUT PHASE RETRIEVAL

result of iterative
phase retrieval
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REAL TIME STREAMING PTYCHOGRAPHY
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SCALABLE TO HANDLE HIGH DATA RATE
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REMOVING THE OVERLAP CONSTRAINT
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HIGH ENERGY DIFFRACTION MICROSCOPY/3D-XRD

Loadframe

APS 1-ID
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12 GBs dataset per loading acquired in 5 min

Efficient data reduction is required in in situ
experiments to pause the loading for detailed
measurements

Rapid detection of structural deformation with
AlI/ML method on the fly
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RARE EVENT INDICATOR (REI)
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SCANNING X RAY DIFFRACTION MICROSCOPY

entire area is > 100 times larger
will take > 10 days to measure

40 x 200 points at 100 nm step
at 1 sec exposure time
takes > 2 hrs

each points of measurement is associated
with a 2D detector image
each image carries information about
strain and lattice rotation

What if we only measure the most
Important pomts (non-flat area) * rotated-down rotated-up flat film flat film
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THE MOST IMPORTANT 25% POINTS
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FAST AUTONOMOUS SCANNING TOOLKIT (FAST)

_________________________________________________________________ . Training using non-experimental data

Al @ EDGE

interpolation

OPTIMIZING PATH

Beamline
Control

V..V, — Spatial grads : : H
S Kandel, T Zhou, et al., “lrr- o2r 3 DIS‘d» ‘F"S hmm 5 hidden layers i ; ;
Nature Communications 14 (1), 5501 e ens. of meas. JUH()(IP\])PIIHH s : £ -. ‘
\& 50 100
Generae | > / Al learns the relationship bet
T || we | Q earns the relationship between
P e available measured points and the choice
m - @ of the next X% points that reduces the
Pr . .
(%) ENERGY I8 8oty supervised learning approach for dynamic samplmg (SLADS distortion the most Argonne S

NATIONAL LABORATORY

IEEE Transactions on Computational Imaging ( Volume: 4, Issue: 1, March 2018)



https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6745852
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8287087

e 26-D ngrmme« bl NPI HYBRID MOTION
Undulator Beam Monitor T ]
o - [oiaria pieaa afuve it pieze v

(oo W oororen

age fing

;

26108

EXPERIMENTAL STEERING

Storage Ring

= _ = ki
g @ e e e o o
R R - 3Es-0 [0

264CSOFT _261dBSOFT_26M4aSOFT| ===
woc e o e \Bnuuk CSTTN]  vsernos |

Argonne &

NATIONAL LABORATORY

U.S. DEPARTMENT OF _ Argonne National Laboratory is a
U.S. Department of Energy laboratory

@ ENERGY (rrimas s,
S Kandel, T Zhou, et al., Nature Communications 14 (1), 5501




ideal for sparse data
saves 80%™* of the measurement time

* depends on the sparsity of the sample features

fast decision making (< 1s per 50 points)
with Al at the edge

exploratory experimental steering
on a synchrotron beamline
transferrable to other instruments

trained on camera man image and not on specific exp data
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CO-DESIGNING ASIC w/ ON-CHIP COMPRESSION

Black = 0, White >=1

Statistics of zero-valued pixels per frame

Mean | Std Dev | Minimum | Maximum
Dataset
Yo %o Yo %o
High-energy XRD 83.42 2.49 68.96 85.03
Ptychography 97.42 0.23 96.2 97.77
XPCS concentrated | 98.62 0.03 98.02 98.68
XPCS dilute 99.9 0.01 99.8 9991

User configurable

16 10-bit pixels (input)
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POISSON ENCODING
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SPARKPIX-

Implementation ("RT1")
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SPARKPIX-RT DESIGN TEAM

SLAC ASIC/FPGA Design
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