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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Calcium-rich halo transients (helium deflagrations?).
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waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
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ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
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both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
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From snapshots to (slow) movies of the sky

CRTS ZTF

Gaia

LSST 
simulated
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Identifying streaking asteroids

Duev, Mahabal, … 2019 
arxiv:1904.05920

(See Dima’s talk  
for details)

Dhruv Paranjpye 
Gina Panopoulou 

Robopol team

(See Dhruv’s poster outside for details)
Extendable to Gattini data (large pixels, bright upper limits)

Robopol



braai

(See Dima’s talk for details)
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Encoder Decoder

Sedaghat and Mahabal, 2017

Image subtraction for hunting transients without subtraction

arXiv:1710.01422



Training cycles  
involving different 

PSFs
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Conv1
7x7 : 128

Conv2
5x5 : 256

Conv3
5x5 : 512

Conv3_1
3x3 : 512

Conv4
3x3 : 1024

Conv4_1
3x3 : 1024

Conv5
3x3 : 1024

Conv5_1
3x3 : 1024

Conv6
3x3 : 2048

Conv6_1
3x3 : 2048

Input

Output

Upconv0
4x4 : 32

Upconv2
4x4 : 128

Upconv4
4x4 : 512

Upconv5
4x4 : 1024Upconv1

4x4 : 64

Upconv3
4x4 : 256

L1 Loss

Sedaghat and Mahabal, 2017

Encoder-decoder network (fully convolutional)

arXiv:1710.01422



reflections, rotations etc. standard techniques made ample use of



Moving towards ZTFs 3k x 3k images, 0-64K with NaNs, in real-time

Nima Sedaghat, Chaoran Zhang, …



Deconvolution using a encoder-decoder

Shubhranshu Singh



Ashish Mahabal  13

Overwhelming (amounts of) data

LSST, SKA

CRTS: 500+M light curves over 15 years 
ZTF: 1B light curves (just over a year)
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Properties of light-curves

• Gappy  

• Irregular  

• Heteroskedastic

• expense, rotation/revolution of Earth, moon

• science objectives, weather, moon

• weather, moon, airmass

Reasons:

errors ignored
by many methods

 14
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beyond1std 
skew 

Amplitude 

freq_signif 

freq_varrat 

freq_y_offset 

freq_model_max_delta_mag 
freq_model_min_delta_mag 

freq_model_phi1_phi2 

freq_rrd 

freq_n_alias 

flux_%_mid20 
flux_%_mid35 
flux_%_mid50 
flux_%_mid65 
flux_%_mid80 

linear_trend 

max_slope 

MAD 

median_buffer_range_percentage 

pair_slope_trend 

percent_amplitude 

percent_difference_flux_percentile 
QSO 
non_QSO 

std 

small_kurtosis 

stetson_j 
stetson_k 

scatter_res_raw 

p2p_scatter_2praw 

p2p_scatter_over_mad 

p2p_scatter_pfold_over_mad 
medperc90_p2_p 

fold_2p_slope_10% 
fold_2p_slope_90% 

p2p_ssqr_diff_over_var 

Many features   
- not all are independent 

Adam Miller 

15 Jan 2015 Ashish Mahabal 20 
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Classification Workflow

 16

4x10

16.1

16.2

16.3

16.4

16.5

16.6

16.7

16.8

16.9

17.0

17.1

17.2

5.36 5.38 5.40 5.42 5.44 5.46 5.48 5.50 5.52 5.54 5.56
MJD

M
ag

Light curves Feature 
vectors

Dimensionality 
Reduction Classification

Light curves Density 
representation Equi-area images

Convolutional 
Neural Network

Domain knowledge/subjectivity
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Adil Moujahid
 17

Promise: 
Works better

Pitfall:  
Blacker box



light curve with n points

n * (n-1)/2 points

(dmdt) Image representation

Area equalized pixels

23 x 24
output grid

Mahabal, Sheth et al., 2017 
1709.06257



Andrew Kirillov

Each class is like a different road
Each individual object has/is 

perturbations over it

Video Surveillance Analogy

non-convex robust PCA 
Netrapalli et al., 2014

7 classes with at least 500 examples



non-convex robust PCA 
Netrapalli et al., 2014

dmdt–image = b + ci + s 
• background (survey, cadence) 
• class background 
• individual object (specific)



Motivation
Lockloss events due to environmental events lead to loss of observation time
Monitor and diagnose lockloss events as they occur 

Goals
To find a minimal set of auxiliary channels that serve as good predictors for 

lockloss events
Diagnosis of interferometer behavior leading to lockloss events

Diagnosing LIGO lockloss using auxiliary channels 

With Ayon Biswas and Jess McIver



Effect of earthquakes

How to choose bins? 
Histogram equalization in both axes?

(See the talk by Jess for details)



RNNs and delta-ts

Che et al. 2018

using for multiple filters

Should certain delta-ts be ignored?

http://colah.github.io/posts/2015-08-Understanding-LSTMs/

With Vinu Sankar

Best model: Static RNN with stitching, drop dt>120, input [dt, mag] (normalized)
96% for easy classes

Naul et al. (encoder-decoder)
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Using only fraction of points or, less may be more

with Chengyi Lee 24
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EDRN - Early Detection Research Network

 25

• Early Detection Research Network 
(EDRN): 40+ institutions. 

• Aim: Discovery of cancer 
biomarkers - early indicators of 
onset of disease 

• NCI/NIH funded flagship program 
• Started in ~2000 

Discovery 

Assay  
Development 

Validation  

Organizational Structure

Emphasis: Automation, Reproducibility, Scalability

Dan Crichton (PI), Luca Cinquini, David Liu, Heather Kincaid, Sean Keely, Kristen Anton, Maureen Colbert +++
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MCL:Consortium for the Characterization of Screen Detected Lesions

Agile Data Pipelines  
(can support as needed)  Integrated Data Repository/Knowledge 

Environment – About integrated access 

Image Types 
•  DICOM 
•  Pathology 
 
Organ Types 
•  Lung 
•  Breast 
•  Prostate 
•  etc 

Dan Crichton (PI), Luca Cinquini, David Liu, Heather Kincaid, Sean Keely, Kristen Anton, Maureen Colbert +++



Towards the Pre-cancer (Imaging) Atlas
• Create annotated images with nodules, cysts 

• attendant features 

• Annotations done by trained personnel 

• Radiologists (capturing + training) 

• Citizen scientists (through tutorials) 

• Use Machine Learning for large-scale classification
Few labels 

plus 
tutorials

Training 
sample 
for MLAnnotations

Knowledge
ML

few tens 
per category

few 
thousand

existing and 
future data



LabCAS Cloud Architecture

EC2 + Docker

LabCASLabCAS Server Side Tools

EFS
Shared Disk

LabCAS

LabCAS front-end

LabCAS back-end

caMiscroscope

OHIF Viewer

Amazon Workspace 

QuPath

3Dslicer

S3 buckets

Data Processing Pipelines

Rna-Seq

Smart-3Seq

Bcbio
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benign

malignant

Lung Cancer Dataset (NLST)

50000 Heavy smokers
Followed over years

Deep Learning
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Consistency - pure GGN

Solid or PSN  
(Part Solid Nodule)

Diff. axial levels - PSN 
(by consensus)

Consistency - solid

Per-cystic or cystic

Axial Axial Coronal Coronal 
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Branching Tree for Illustrated Lexicon

Deni Aberle et al.



Ashish Mahabal !32

Branching Tree for Illustrated Lexicon

Deni Aberle et al.
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Segmentation 
LUNA16/Kaggle1 trained 
model predicts cancer 

Extract bounding  
boxes of nodule NLST Dicom Slices: 

~1000 Patients 

Fangzhou, L. (2017)
GRT123

Domain adaptation and transfer learning

Accuracy 87% on GRT1 
Repeat on NLST data 

Retrain final layer with NLST data to improve

Explainability/Interpretability!

With David Liu
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The GRT123 model for segmentation

16 CPUs
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VR model with Santiago Lombeyda

SigGraph demo/talk coming up



Victoria Seawaldt, COH, and team



T2-weighted 
MRI DCE-MRI ADC High B-value 

T2-weighted imaging; Dynamic Contrast Enhanced (DCE-MRI); Apparent Diffusion Coefficient (ADC); High diffusion (B-value)

Prostate MRIs

Radka Stoyanova 
University of Miami
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Interpretability

David Gunning (DARPA/I2O)
https://www.cc.gatech.edu/~alanwags/DLAI2016/(Gunning)%20IJCAI-16%20DLAI%20WS.pdf



Ashish Mahabal  39

David Gunning (DARPA/I2O)

RF
DL

DT

expectation

[2016]



Ashish Mahabal

Distribution Summaries

Percentile distributions 
over the data:  

max, 93, 84, 69, 50, 
31, 16, 7, min
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Interactivity
“Buttons” are portals to more details in the flow

 41
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View options

 42

Device, computational time, memory for optimization, 
efficiency of computing
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Including adversarial examples 
during training

MNIST digits 
significance map

https://arxiv.org/pdf/1312.6199v4.pdf
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https://arxiv.org/pdf/1312.6199v4.pdf


fromthegrapevine.com

telegraph.co.uk



Style transfer

Deep Dreams Gatys et al. 2015



Ashish Mahabal  46

Visualization for interpretability
A. Activation Maximization 

• Initial layer filters easy to visualize 
• Generate input image that activates later filters 

B. Saliency Maps 
• Gradient of o/p category wrt input image 
• Understanding attention of the classifier 

C. Class Activation Maps 
• Gradients based on first dense layer 
• Spatial information still intact

https://raghakot.github.io/keras-vis/

A
B A C B
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dmdt and activation maximization experiments
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Activation of later filters

Attention more to  
what is not present!

Attention more to  
longer durations

dm

dm

dt

RRab

EW

Meet Gandhi
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Saliency (attention)

EW

RRab

dm dm

dtdt

Meet Gandhi



Meet Gandhi



Summary
It has become easy to apply Dl to astronomy data 
There are many low-hanging fruit 
Data massaging is required 
So is formulating the problem correctly with domain knowledge

Applications to biology are also waiting to be exploited 
Larger number of hurdles due to deidentification issues 
Also of data fusion

Interpretability and reproducibility are critical





Random Forest 
using standard 

features

Convolutional Network

1 EW/EB
2 EA
4 RRab
5 RRc
6 RRd
8 RS CVn
13 LPV

no features
no dimensionality reduction
comparable results

Binary probabilities are better



• (2) Astro background 
• Surveys needing classification, in real-time 
• fewer follow-up resources, finding rare events 

• (1) traditional ML 
• feature extraction and dimensionality reduction 

• Deep learning in astro 
• (1) streaks 
• (1) RB using triplets 
• (2) TransiNet 
• (1) GW 
• (1) Robopol 
• (1) Clusters of galaxies 
• (3) time series - dmdt 
• (3) RNNs 

• (1) Good training set 
• (5) Interpretability 
• Deep Learning in Biomedicine 
• (2) Issues with deidentification, holes, … 

• (3) Lung 
• (1) Pancreatic 
• (1) Breast



EW/EB separation?

Two separate backgrounds emerged for class 1



Detecting clusters of galaxies (in infrared)

Ouns El Harzli 
Simona Mei 

James Bartellt 
SG Djorgovski



Identifying streaking asteroids

long/ 
short

keep/ 
ditch

real/ 
bogus

combiner

Duev, Mahabal, … 2019 
arxiv:1904.05920

(See Dima’s talk for details)
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50K Periodic Variables from CRTS

Drake et al. 2014

 57

7 classes with at least 500 examples



medians

EW EA

RR

RS CVn LPV

Kshiteej Sheth


