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Introauction w2 pe

l':

Coded Mask: Non-focussing, indirect imaging.

Detector Plane: histogram of detected photon strike positions.
Position sensing wires: from charge ratio; regular updates |

lteratively model the super-position of shadows of the coded
pattern due to all sources.

SSM’s very wide field of view:
Edge SSMs (SSM1 and SSM2): 100° x 27°
Central SSM (SSM3): 100° x 22°

Prerequisite: Precomputed Shadow Response Library for given
detector parameters, geometry, efficiency, etc

g Sky nonitor

Seannin




Introduction

Imaging Is only the last and important stage of a detailed pipeline.

The pipeline iIs fully automated - 24/7, periodically polls ISSDC for data.

Turn around time ~ 25 min.

Raw Data from ASTROSAT Level 2 Organiser & ||l

Ground Station - Level 0 data

ISSDCI/ISTRAC

Dissemination

ISSDCI/ISTRAC
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Rotation Mechanism

+R

Counter-Clockwise

Shown here are sky projections of FsOV.

@

Stare-and-step mode: 10 deg step, 10

min stare;
" Limits: 5 deg and 355 deg
Shofft Axis O g-_‘
Cemragn“;eﬁ =

\

Since mid 2021, Stare-and-step

stopped.
- Coded Mask
Clockwise ~==— T4 oetcotor Now: Platform angle chosen based on
rotation [/
+R: +Roll
— P: — Pitch

current X-ray sky activity for every

pointing and commanded for each SAM
L1: Soft Limitl (5 deq)

L2: Soft Limit2 (355 deq)
MS: Mechanical Stopper (0 deqg)

No Coning in the rotation platform so
far.
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Imaging

— position, mm (along anodes)

Iteration through
Deconvolution
Stages:
Richardson-Lucy

+

SVDFIT

Observed Photon Strike positions

on all anodes (shown
camera only)

for SSMA1

Detector Plane Histogram (DPH): After
applying calibration constants on
event-list (shown for SSM1 camera

only)

T

Shadow
Response
Library

For other two

S5M cameras
too

Declination (deg:am:as) —pg

“Right Ascension (hh:mm:ss)

Sky Plane Images for all three SSM
cameras after Deconvolution
procedures for orbit 00444, on
20150ct28. SSM1 & SSM2 were
pointed to observe 4U0115+63 near
FOV centre
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|
I I I Ia g I I Ig Along X direction

/' 10 — 14’ resolution

// » X: Shorter Coding axis s | :
and Y across

Angle, degree
_

Sky: nominal: st b
125 elements (X) &
55 elements (Y) IS 6875 0 El{] 4ID E:D Elr.'} ‘|{I}D ‘I:JED
Sl(ybins unwrapped. Sky Element Number

Along Y direction

Eight anode wires: same o ™

Geaming Sy Mo number of bins as mask 20 | |
pattern - 504 detbins

unwrapped.

2.5° resolution |

Angle, degree
=
|

20 L ol

s =

0 10 20 30 40 50
Sky Element Number




Imaging

SVDFIT-based lterative Deconvolution Procedure

Candidate-list Update Candidate-list

Basis Chisg-based I.f“l_.__.u_r._in.__a..l & Build
Function Al et remove Source
. elimination e

Rij response list Si

Update DPH

Known sources response removed first and LC updated
—-Inner rectangular FOV first followed by outer annular FO

Richardson-Lucy Deconvolution
Procedure

e fi;, D area normalised to unity

¢ Flat Initial guess S;
— area normalised to unity

e Iterate over following three steps:

nif_ng _
1. F;= :'él Rij?‘:'s!i ¥l < j < mdet

2 f__-'l'_ :“‘:L.:'Et EJ;—D"L i S mimg

=1 j

3. §;=85; xC; Y1 £ i < nimg

5 Source Dhistribution
Ry Shadow Hesponse Function
4 Binned Detector Photon Count Distribution
P Prediction of the Photon Count Distribution
£ — Correction factors for the image pixels

- Two runs: joint fit for all known sources and then individual fit

- Local Field: subpixel imaging employed
-SVDFIT-based algorithm used for the fit

...- .._._ -. .
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Imaging

SVDFIT-based Iterative Deconvolution Procedure Richardson-Lucy Deconvolution
Procedure

Candidate-list UF:HIiEItE! Candidate-list e fi;, D area normalised to unity
e Flat Initial guess .'5";
, _ . — area normalised to uni
Basis Chisq-based Model & UG Iterate over following th . te
- - e = = b ™ .
Function alimination remove Source NSESARN KO SA Y AT A
Ri elimination

response list Si

_ ndet Ryjx Dy -
Update DPH 2. Ci= Y Tp 0 ¥15isuimg
3. §;=585x0C ¥l < i < nimg

5, Source DMstribution
Shadow Response Function

.H-u

Iy Binned Detector Photon Count Distribution
Py Prediction of the Photon Count Distribution
£ — Correction factors for the image pixels

In the residual: new sources search

- Richardson-Lucy based algorithm to identify candidates
-SVDFIT on those candidates to further check and flux estimation
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Imaglng results
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Tricky points

Changes in Gain

Dynamic background:
- charged particle induced
- earth limb scattering

Anodes:

- response: ground assessment and keeping track of variations on-board.
Coupled with background effects

- local deformities: not merely nonlinear effects on shadow
- Position resolution coupled with anode calibration factors
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Charged Particle Backgrounad

AS1A10_101T01_9000004546_31361 SSM3

Effects of SAA s
Tentacles away from - e |
'SAA region . RN EE -
-low energy electrons

- Almost every orbit!

-Diagnostic: VCR, CCR

300

250

200

Temporal HBT, counts/sec

150

100

VCR (Veto count-rate):
anode-layer & Veto layer 50
(counts high energy Xrays too)

0
2118.76  2118.78 2118.8 2118.82 2118.84 2118.86 2118.88 2118.9 2118.92 2118.94 2118.9€

CCR (Coincident count-rate): el
L1 HBT-ILR,c/s —+— L1 HBT-Veto,c/s HVREF:SAA ———— EARTHFLAG -

above -+ between anOdeS L1 HBT-IRR,c/s ——%— L1 HBT-CCR,c/s ! MKF:SAA ECLIPSE
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Charged Particle Backgrounad

AS1A11_080T01_9000004756_32997 SSM3

2500

Effects of SAA
Tentacles away from
‘SAA region’ 2000 |

-low energy electrons
- Almost every orbit!
- Diagnostic: VCR, CCR
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Temporal HBT, counts/sec

e e e e
|

T

500 |-

VCR (Veto count-rate):
anode-layer & Veto layer
(counts high energy Xrays too)

'im Im g sing
|

mﬂrl | Imﬁﬁaﬁ gi
|

2229.2 2229.25 2229.3 2229.35 2229.4 2229.45 2229.5
MJD-57293.0

CCR (Coincident count-rate): L1 HBT-ILR,c/s —+— L1 HBT-Veto,c/s HVREF:SAA EARTHFLAG
L1 HBT-IRR.c/s % L1 HBT-CCR.c/s MKF:SAA ECLIPSE
above + between anodes
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* Whenever Earth in FOV, it will a0

_lit] i
S Shown here is a flare detected

+ Effects depend on Solar activity. on 2021 Dec 4 6:50 UT ,i




QI 1 e R D A R R

+  Anodes:

i s e e s s

Charged Partlcle Background
and Anode response changes

- Scattering at the walls: anode-ends and edge anodes register more counts.

- Shifts in the shadows; sometimes locally L
- Local deformities which seem to degrade 0

Animation
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Charged Particle Backgrounad
and Anode response changes
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Charged Particle Backgrounad |
and Anode response changes

2016:May vs 2022:Feb
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