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0.Abstruct
This Work
a morphological catalogue for ~670,000 galaxies in SDSS

the largest and most accurate morphological catalogue up 
to date

Method
Deep Learning - Convolutional Neural Network(CNNs)
Data Sets for Training

Nair & Abraham 2010 (N10)
Galaxy Zoo 2 (GZ2)

Classification

T-Type to the Hubble sequence
GZ2

separation between pure E from S0
better T-Type classification



1.Introduction
morphology is related to the physical property of the galaxy

accurate morphological classification for large samples

Motivation

time consuming
not obvious i.g. Galaxy Zoo

Deep Learning
Dieleman et al. 2015 (D15)

galaxies with uncertain classifications used for training

~ improved version ~

simplify the galaxy decision tree
complement the GZ2 classification scheme with a T-Type

galaxies with robust GZ2 classification used for training
This Time

Problem
SDSS DR7 Main Galaxy Sample reproduce the GZ2



2.Data Sets

GZ2
N10 (visual classifications) 

Huertas-Company et al. 2011
Cheng et al. 2011

for Training

for Testing

T-Type classification
separate pure E from S0

T-Type
ETGs and spiral galaxies

Parent Sample of the Catalogue 
Presented in This Work
Meert et al. 2015, 2016 ~670,000 galaxies SDSS DR7

GZ2
N10 (visual classifications) 



3.Deep Learning Model

SDSS DR7 424x424 pixels 69x69x3
down-sample

reduce computing time
avoid overfitting

figure.1 network architecture

GZ2: binary classification mode
T-Type: regression mode

Architecture



4.GZ2 based models 

figure.3 decision tree

Questions binary classification mode



4.GZ2 based models 

table.1 questions in each tier

Certain Galaxies for Training
only use certain galaxies for training

P > 0.8 or P < 0.2



4.GZ2 based models 

table.2 precision and TPR value for different Pthr

Test

TP: true positive
FP: false positive
FN: false negative
Pthr: threshold

user can optimize this value

figure.10 probability distribution obtained by applying the model to a sample well classified



5.N10 based models 

T-Type < 0 ETGs

T-Type > 0 spiral galaxies
T-Type = 0 S0

T-Type = 10 irregular galaxies

N10 very detailed morphological catalogue
T-Type

figure.13 T-Type questions scheme

regression mode



5.N10 based models 

figure.14 probability distribution  
of being S0 rather than E

E versus S0
apply 681 N10 galaxies not used for training

better performance 
than Cheng et al. 2011

-3 <= T-Type <= 0
positive

negative
T-Tye = -5

training N = 4000



5.N10 based models 
Barred Galaxies
alternative model to the GZ2

the model trained with GZ2 is worst for barred galaxies

figure.15 probability distribution of having bar signature

strong, intermediate, weekonly exist (strong) or not

training N = 7000

apply 1595 unbarred

not used for training
314 barred galaxies



6.Details 
Content

table.3 content of the catalogue released



6.Details 

figure.17 probability distribution

Unambiguous Classification

successful

Pdominant
+ Pobvious

different
approach



6.Details 

figure.18 mean probability values

Correlation with Other Morphological Parameters



6.Details 

figure.20 edge on galaxies certain in this work 
though uncertain in GZ2

Visual Inspection

no “true reference” catalogue



7.Summaries

independently train each question from the GZ2 scheme
Improve D15

use only certain galaxies for training
binary classification mode

670,722 galaxies
large accuracy
unambiguous classification (disk/features)

Complement the GZ2 Type Classification
T-Type ~50 times larger than N10 large accuracy
separation between E from S0
bar classification large accuracy

large accuracy

Forthcoming Work
apply the models to other SDSS samples
to complement the morphological classification catalogue


