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28 Tomo-e Gozen project

: ‘ ZTF/Palomar.Schmidt, 1.2 m
" CCD, static image

Kiso Schmidt telescope R o il VNN
1.05m A 7 i

FOV : 9 deg in diameter

BHEEBUNE)

Tomo-e Gozen camera
wide-field CMOS imager
84 CMOS sensors
20 deg? sky in 2 fps
30 TB /night

T pHBABBURNNY

CMOS image sensor

2000 x 1128 pixels
Non-cooling

low read noise of 2 e-

S ., N
http://www.mtk.ioa.s.u-tokyo.ac.jp/kisohp/top_e.htm
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http://www.mtk.ioa.s.u-tokyo.ac.jp/kisohp/top_e.html
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All-sky survey
FEHEFE : 9 (18 frame)
~12000 deg?/day

High-cadence survey
FEHEFE : 672 (12 frame)
~3000 deg?/ 30 min
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Rapid transient

ERI-Twb :

Tomoe 20211129
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%l Tomo-e Gozen transient survey
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https://tomoe.mtk.ioa.s.u-tokyo.ac.jp/skyatlas/
https://www.ipmu.jp/en/node/3632

& Transient detection

ZNHEEBTE Ttransientz & H Bogus examples
ZDDRER

Referencelc(ZPS1 D&% {E

IH1ETomo-e referenceNt)]DE x &b

srf@ (Bogus) H'ZL) (108/night)
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Real or Bogus

i

New Reference Subtracted




28 Previous Real/Bogus Classification

« EFILIEZS>T)IVIECNN FEECNNEF L OIS

Layer (type) Output Shape Param #
= ljj . 29X29 Image X 3 (ref'l neW and SUb') conv2d 1 (Conv2D) (None, 25, 25, 32) 2432
2453 =" 9 max_pooling2d 1 (MaxPooling2 (None, 12, 12, 32) 0
* FET
conv2d_2 (Conv2D) (None, 10, 10, 64) 18496

e Real : :/Ell/_ I\btg&iiy)ﬁaj max_pooling2d_2 (MaxPooling2 (None, 5, 5, 64) 0
e BOgUS : %B%‘EO)BO) dropout_l (OvropouU (None, 5, 5, 64) 0

T flatten_1 (Flatten) (None, 1600) 0
BETY>T : =
- B RAYII -
dense_1 (Dense) (None, 128) 204928
A
'ﬂ\EﬂECN Nd)tljjjﬁﬁ dense_2 (Dense) (None, 64) 8256
5 | Bogus dense 3 (Dense) (None, 1) 65
10 3 Roal ========z===========--—----—----—-——m———————o—o——m—————————o——o oo
i Total params: 234,177
10_. Trainable params: 234,177
! Non-trainable params: 0
o 107
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B ] C MEEFIBIC
Z 10?4 XEPXAEN'ER (C

10! Realh'Bogus(CiBENS
10° | BEVAIDY—TY MNETEDRE

00" 02 04 06 08 1.0
cnnprob




Cleaning mislabel in training data
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48 Fxamples of mislabel
,ﬁabel . Real \ Label : Bogus

Ref New
1.0 s :
prediction: -2.19 5000 f —e . ° predlctlon 246
- - 4000 - 0 -ED
oy . et 8 Bogus L 0.6 8
ton: 290 € 3000{ == Real g —
prediction: -3.20 > _+_ s prediction: 2.95
- - \\\\2000- + O4§ ﬂ -
. 10007 C s
prediction: -3.32 + prediction: 3.43

predlctlon -3.81

ARSI IELSCDFEL TULYS

INVERZEVDEAZR : 0.6% (Bogus), 1.0% (Real)

A DRRE2ERPEICHIB
1B TRA L TV FEZT —HZ INRUNCU THBRMHDFEEZ1TD
Virtual Adversarial Training (VAT, Miyato et al. 2016)

. HED
/ =11 P m 3z Prediction 2&1‘@ tﬁx\ .

prediction: 3.93




B Virtual Adversarial Training (VAT)

B BY F 88 (D— 78
PDEREBRNEROVC T VI A AZANUET —FTES -> JM AT
FRIDMHNROEASKENDAENA X ZNNA. FRIDMOENNERDLICES
Local Distributional Smoothness (LDS)
LDS /N -> IZBRNT —AEEHERTED-> L0/ A~
LDSOETE(CIFIEFESANIVIBEHRN VSR -> FEEMHDF EH ol EE

M plylz,0) VAT %% %5 3% (Miyato et al. 2017)
2 2 2 2
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(1) Before training (2) After 10 updates (3) After 100 updates (4) After 1000 updates



8 Fvaluation with actual test dataset

Accuracy

Precision

Recall F1 score

Current model
VAT

0.974

0.050

0.095

0.942

X LZELVE: probability=0.5
Current model VAT y
< | 0Q 5 Bogus
10° { g 10 e
104 10°
5 10° |  10°
Fel i Kol
E | E
/ \ﬁ = 10?2 | Z 102
5 |
10} 4 10}
10{1 101’.\
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
cnnprob cnnprob
Normalized confusion matrix, Normalized confusion matrix,
accuracy:0.988, threshold:0.500 accuracy:0.999, threshold:0.500
8 0.988 0.012 8 0.999 0.001
bl (259970) (3203) bl (262957) (216)
- — ;
Confusion matrix 2 L
2 3
e I
0.033 0.967 0.066 0.934
Resll 12 (351) Reall  (29) (339)
Bogus Real Bogus Real
Predicted label Predicted label



ROC curve
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—— Current (AUC=0.9956)
—— VAT (AUC=0.9995)

1.00
0.98 1

ZTF Real/Bogus
TPR: 0.983, FPR: 0.017
(Duev et al.[2019)
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B Evaluation with actual test dataset

Threshold

True Positive (TP)
True Negative (TN)

Positive

Probability(Output)

TPR=TP/(TP+ 1)

Confusion matrix

Bogus- FP

: IFELIRZTLSND E
¢ o [EN
FPR= FP/(TN+FP) FN
. SO N Bogus Real
 FRARHOD RS Predicted
Model |AUC(ROC) |[FPR@TPR=0.9
Current [0.9956 0.00916
VAT




28 |mplementation of new model

SEDSAKRIZINATSAVIZHETILEER
FERDONERE
1 AR OB IZEE SN =& (960005 YT )L)

Simple CNN VAT
Normalized confusion matrix, Normalized confusion matrix,
accuracy:0.978, threshold:0.500 accuracy:0.999, threshold:0.800

0.978 0.022 0.999
Bogus EESEXTIVN)

Bogus SEISEVELYANM (1259201)

True label
True label

Real - Real

Boéus Real Bogus Real
Predicted label Predicted label
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Normalized confusion matrix,
accuracy:0.999, threshold:0.800

0.999
(57386470)

Bogus

True label

0.967

Real (1) (29)

Boéus Real
Predicted label

False Negative (1)
Low S/N, Large galaxy (1)

& Misclassified samples

False Positive (341/36337)
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Mask in ref (65)
Bogus (64)

.
-
“

,‘ = 7~r~7”]
Lu?! Ag "

Low S/N (43)

.n :

Moving? (29)

Mask in sub (6)

Tracking error (1)

Unclear (27)




Transient candidates registered in DB

10! 4 : variable
: tran.sient
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Tomo-e Gozen transient survey
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0.96 1 ZTF Real/Bogus

0,94 TPR: 0.983, FPR: 0.017

| (Duev et al. 2019)
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