
Recall drops off, as 
expected, for low-SNR
planets & EBs, but still
remains ~65% at <9σ.
Surprisingly this is not 
the case for ”Unknown”
(e.g. instrumental 
effects), suggesting 
ourmodel has learned 
to identify noise 
signatures. 
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THE PROBLEM
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RAPID CLASSIFICATION OF TESS PLANET CANDIDATES 
WITH CONVOLUTIONAL NEURAL NETWORKS
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APPLYING TO REAL TESS DATA
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Rapid Classification of TESS Planet Candidates with Convolutional Neural Networks (2019) , Osborn et al, A&A

FUTURE
● Train model on real TESS data - both with real 

planets & injections into real data.
● Include period-epoch collision metric.
● Apply to MIT Quick-look Pipeline candidates
● Follow-up predicted new planets

Raw pixel data (e.g. TPF) Aperture Photometry 
& Systematics Correction

Transiting Planet Search Data Validation

Batalha+2013, Burke+2014, Rowe+2015, Mullally+2015

Manual Candidate Classification

Follow-up observationsConfirmed Exoplanets

BOTTLENECK

THE MODEL

A typical exoplanet pipeline 
(e.g. Kepler or TESS)

OTHER TECHNIQUES USED

Data Augmentation
Slightly modify individual input 

samples to mimic new data

Balanced Batch 
Sampling

Each minibatch contains even 
number of each class

Cross Validation
Split data into k chunks & use each 

as validation set once

Ensembling
Average many trained models

Accuracy Recall A.P.

Binary Planets 91.8 87.8 95.2

Unknown 97.6 98.5 99.4

3-class Planets 90.4 90.1 95.6

EBs 95.1 95.1 96.9

Unknown 94.8 94.9 97.7

PlanetsJunk 
signals

EBs

BEBs

Unbalanced candidate 
labelsRecovered 

as TCEs

All injected planets

Confusion matrix for the 3-class model:

ROC (Receiver operating characteristic) curve:

    Random 
guessing

RESULTS

Our model 
predicts many 
previously 
unidentified 
planet signals. 
Manual vetting 
suggests many 
are binaries, 
but some 
appear good 
candidates

Many TOIs not in 
SPOC list of TCEs 
(from QSOP)

61% of TOIs predicted 
to be planets

Our model suggests 
5% (37 TOIs) are EBs

Planets with secondaries 
(e.g. HATS-34b) or very 
grazing (e.g. WASP-18b)

Recovers
97%

Directly applied the trained model to all TCEs from TESS (sectors 1 to 11). 
Runs in 5 minutes per sector - far faster than any manual vetting.
Recall on TOI list:

34% of TOIs missed.
● Includes some 

EB-like (e.g. grazing) 
Hot Jupiters

● Some are simply 
low-SNR


