MFBALZ BT R SCER

T (GZU/PCL), ExM (NAOC), Bk¥KR (SHAO), Z#5 (NAOC), ZHLIA(YNAO), X7t (NAOC), Z=717% (PMO), Z=IEFH(NIAOT),
XFRANIU), EEE (NAOC), ZIHIHHNAOC), X|SLR(TYUT), AMmIR(TYUT), BER(TYUT) &More
EHE (TYUT)
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Distant Galaxy in Hubble Frontier Field Abell 2744  HST « ACS « WFC3

"‘The Astronomer's Telegram L
g @astronomerstel - Follow
For Discovery of Mars. Congratulations, Prof. Peter

Dunsby! cc @peterdunsby Re: astronomerstelegram.org/?
read=11449
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12:52 AM - Mar 21, 2018
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NASA and ESA STScl-PRC14-39a

Utiettainty(Mars/Peryton) Unknown(Pulsar/Fast Radio Burst) Unusual (High-z galaxy/exoplanet/TDEs)
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Distant Galaxy in Hubble Frontier Field Abell 2744  HST « ACS « WFC3

"‘ The Astronomer's Telegram L
g @astronomerstel - Follow
For Discovery of Mars. Congratulations, Prof. Peter
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AtEEUNncertain, A= Unusual . FEIUnknown

Distinguishing between unknown, uncertain and unusual
is HARD.

Cosmic Ray
Asteroids

From: A&A 644, A35 (2020)




AtEEUNncertain, A= Unusual . FEIUnknown

Distinguishing between unknown, uncertain and unusual is HARD.

Could Al distinguish between uncertainty ,
and unusual?

Godel's second
incompleteness theorem
PI‘Obably Il()t . shows that, under
s e general assumptions, this
| canonical consistency
statement Cons(F) will
Cosmic Ray not be provable in F.

Asteroids

From: A&A 644, A35 (2020)
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AtEEUNncertain, A= Unusual . FEIUnknown

Let’s talk about the philosophy:

the world is full of uncertainties and no one would be omnipotent...

1.00 - i Low Aleaturlci ingh Aleaturlq
- Uncertainty | ' Uncertainty |
: e 1 [ I i
. i i High Epistemic ! i
o 050- ¢ : Uncertainty ' i
:«: 025 EE | i (No Training Data) i |
=) ' | | :
3 "8 | E |
©-025- | i i i
[} [ I [}
-0.50- ! ' ' X :
' i == Ground truth e Training data R i

0 2 a4 & 8 10 12

€T

Aleatoric and epistemic uncertainty in machine learning: an introduction to concepts and methods

https://link.springer.com/article/10.1007/s10994-021-05946-3

Exploiting epistemic uncertainty of the deep learning models to generate adversarial samples
20httpsf/link.springer.com/article/10.1007/s11042-022-12132-7 9



https://link.springer.com/article/10.1007/s10994-021-05946-3
https://link.springer.com/article/10.1007/s11042-022-12132-7

AtEEUNncertain, A= Unusual . FEIUnknown

Devil exists in the TRAINING SET
PSF/Noises/Temporal Noises...

007 x

noise “gibbon”

57.7% confidence Point Estimation 99.3% confidence From NVIDIA




Outlines

« Uncertain, Unusual and Unknown

* Pipeline for Discovery of Unusual
Astronomical Targets

|nitial Results

2023-4-26 11



Pipeline for Discovery of
Unusual Astronomical Targets

A LARGE Bayes Model for Astronomical Communities

Digital Twin of Prior Information
Observations from Large Model

2023-4-26 12



Pipeline for Discovery of
Unusual Astronomical Targets

Embed Prior Information
(Widest idea)

(Theoretical & Instrumentation)
Into simulation data

GRSITY O \
S ) 1
= 2
= 1902 =] ',
2\ )z e .

*

Eitrts

TAIYUAN UNIVERSITY OF TECHNOLOGY

Telescope
Simulator

Observation

Environment

Simulator
Celestial o

Object
Simulator

Digital Twin of
Observations

2023-4-26
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Pipeline for Discovery of

- CEV2OZT
Unusual Astronomical Targets

TAIYUAN UNIVERSITY OF TECHNOLOGY

Embed Prior
Information

(Observation Data)

Data from N s | .Into pre-trained
Citizen models

Scientists NG ==

Observation
Results

without

Label . .
Prior Information

from LARGE Model

2023-4-26 14



Pipeline for Discovery of
Unusual Astronomical Targets

A LARGE Bayes Model for Astronomical Communities

Simulation Data Transfer Learning & Deployment &
Generation Fine tuning Explanation

Observation Parameters Extraction With Digital Twin:
Integrate data from telemetry data from telescopes, instruments
and all

Parameters

Extraction With

2023-4-26 15



Real System Digital Twin

I Digital Twin
II Of Telescope

Telescope

I Simulated

Atmospheric
II Phase Screens

Turbulence

Digital Twin of Atmospheric

Turbulence Phase Screens

__________

Reconstruction Training Data

Principle of digital twin

From Peng et.al. OE 2022

collection
record
environment,
instrument
status data

heck data
validity?

No

The result graph of three state matching

020 | - - - - v

015 4+—% @
| [0.15,0.15)
Q.10 1 T i W
| 01030205 |
.65 1 [ [

whilk

.00 - —— a =
| 0.0 |
_{ll}s.._.—._.- —_—— ':'
l!iut"il"

i) . . e
Application of digital
—0.15 r -]
tWI n ¥  The result of the first m&tch
® The result of the secand match
—0.20 1o » ® The result of the third match
—|:|I.2|] —I'.'II.].E —I:Ijl'l:l —I:Ijl:lfl I'.'I.EF:I I:I.;:JE I:I.I].ﬂ' l'.'l.llﬁ ﬂ.if.'l'

utilk

Level 0 data H Level 1 data H Level 2 data ]7

Digital Twin
Database &
Reinforcement
Learning (A&QC)

Level 1 data Level 2 data
(Digital Twin) (Digital Twin)

From Zhan et.al. SPIE 2022

Data preprocessing
(including
formatting, time
sorting.)

Yes

h
Import the
environment,
equipment status
information into the
digital twin system

3D visualization
ba:

Level 0 data |
(Digital Twin)

r End

16



Pipeline for Discovery of
Unusual Astronomical Targets

A LARGE Bayes Model for Astronomical Communities

Simulation Data Transfer Learning & Deployment &
Generation Fine tuning Explanation

Simulation Data Generation:

Integrate prior information of astronomical targets twin (light curve,

morphology of galaxies, energy distribution) with digital twin (PSF,
environment)

2023-4-26

Parameters

Extraction With

17



PSF basis function space basis coefficients

£ N
L]

pixels conv multiply

Itiply
multiply D

multiply

conyv

conv

real phase screen random random

m—b Rand Net + Next Net 1 » P2S Net
-

phase feature

Realistic
Speed is important (1000 times faster than ordinary phase-> PSF -> Convolution method)

2023-4-26 From Zhang et.al. SPIE 2022 18



Pipeline for Discovery of

- ®) 4 ATI L Z
Unusual Astronomical Targets

A LARGE Bayes Model for Astronomical Communities

Simulation Data Transfer Learning & Deployment &
Generation Fine tuning Explanation

Transfer Learning and fine tuning:
Load big model pre-trained with real observation data
Then transfer learning/fine tuning to real observation data.

Parameters

Extraction With

2023-4-26 19



TRANSFER LEARNING

: (28, 28, 2) (28, 28, 2)
Stacked Images Stacked Images

3.31,2) (3,.3,22)
Kernels Kernels
(28, 28,1)
Image Input

Could be Transformer/CNN/RNN and trained with supervised : |
learnin Bayesian Neura

g

Network

/unsupervised learning (masking etc...)
TRAINABLEAAINTRAINABLE From NVIDIA

20



Pipeline for Discovery of
Unusual Astronomical Targets

A LARGE Bayes Model for Astronomical Communities

Parameters

Extraction With

Deployment & Ex
Deployment of pi

Simulation Data Transfer Learning & Deployment &
Generation Fine tuning Explanation

nlanation:
neline 1s important (Not a single toy model)

Explanation coulo
analyze errors

2023-4-26

help us to better investigate performance and

21



R Deployment of
A

Q i Extend Target Segmentation

And Detection

i
Q Viltiple CPUS /R
Multiple GPUs/TPUs

Point Detection

Multiple CPUs/Clusters/GPUs + AUTOML Speed & Money are always important
Computation workload control Technology Stack with:

Technology Stack with: (Pruning/Quantization/Distillation) TensorRT/Neural
Spark/Hadoop/Redis/Kaftka/Openmpi/Docker/Ku Network Architecture Search/Work flow Control
bernetes Detection -> Light Curve Classification

Software containers (NGC, TesorFlow hub, Spectrum Cross-Check

PyTorch hub)/Triton.... Segmentation .
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Architecture Design of Data System

2023-4-26

Deployment of Al

Input Image

I Region 7| regions

_JI feature maps

‘ Feature Pyramid Met

= Mag_pied

Architecture Design of Neural Network
(Separate Design for Different Parts)

AND

Explanation Architecture for Different Parts
(Features/Separate Explainable Abilities)

23

From Jia et.al. 2020



Outlines

« Uncertain, Unusual and Unknown

*Pipeline for Discovery of Unusual
Astronomical Targets

Initial Results

2023-4-26 24



Initial Applications

X-ray: EP Detection

PV OTE -

TAIYUAN UNIVERSITY OF TECHNOLOGY

Energy

Photo-Plates ~ 100 yrs NEOs/Exo-Planets ~ Days Optical: GC Strong Lensing Space Debris ~ Hours Solar Flare ~ minutes
YV Rk ARSI Time
2023-4-26 S A ot 25

Radio: WMA Source Detection




PV OTE -

TAIYUAN UNIVERSITY OF TECHNOLOGY

Initial Results 1 — Optical Images(©

Trained with Simulated Data (Realistic Strong Lensing System)
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2023-4-26 From Jia et.al. §6022



PV OTE -

TAIYUAN UNIVERSITY OF TECHNOLOGY

Initial Results 1 — Optical Images

Direct Application to Real Observation Data

22:24
Dec
) : 47223 = -
D4:16:10 pP4:16:10 04:16:10 D4:16:10 Eﬂ'lﬁ:lﬂ 13:59:54 [13:59:54 13:50:54 1-69:64 | 13:58:54
RA RA
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From Jia et.al. 5022



Initial Results 1 — Optical Images

Direct Application to Real Observation Data

PV OTE -

TAIYUAN UNIVERSITY OF TECHNOLOGY

query id: 5

self-attention(100, 750) i self-atzention(380. 400) s 1.0
0.8 . a8
0.6 i 26 08
04 " a4
0.7 2.2 0.6
0.0 2.0
self-attention(360, 350) S self-attention(520. 550) i
0.4
as a8
a6 26
0.2
0.4 24
0.2 2.2
0.0 2.0 0.0

(d)

self-attention(100, 750} self-attention{330, 400) query id: 72
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Initial Results 2 — X-Ray Images @) 4 21>+ 2

TAIYUAN UNIVERSITY OF TECHNOLOGY

Trained with Simulated Data (X-Ray Lobster Eye Data)
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2023-4-26 From Jia et.al. §9023




Initial Results 2 — X-Ray Images

Trained with Simulated Data (X-Ray Lobster Eye Data)

PV OTE -

TAIYUAN UNIVERSITY OF TECHNOLOGY
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Initial Results 2 — X-Ray Images

Applied to Real Observation Data (LEIA)

From Jia et.al.
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And more ....

Lessons Learnt:

It would be necessary to build pipeline
to discover unusual astronomical targets.
- Connect digital twin with large model
would be a possible way.

- Data augmentation and pre-processing
are important but too many to discuss...

[ MPICH

|
|
|
E Restoration Model | | From Jia et.al. 2023
|
|
|
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Future

Waiting for data and working for new discoveries
(CSST, EP, Sitian, LOT, SKA, LSST and all other scientific projects)

From
https://english.cas.cn/newsroom/cas_media/2 From https://ep.bao.ac.cn/ep/
02205/t20220507_305162.shtml

From https://www.lIsst.org/about/tel-site

Sitian Project
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