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A = JIN]1Z 78R ] J_J YYAN / jj T
RAR & F1n FFETREX KA
Naim 1995 bugle size, the number of arms ANN ZGezs >
+ | \ 3o
Owens 1996 13 parameters Decision tree, 0 f{‘ﬂﬁlﬁﬁjftﬁ%
P ANN 2 HIEEAEEN
_ @ PRELMEEXNE
De La Calleja 2004 PCA ANN, LWR, 2, 3,5%), T
Ensemble BREE > HEE
Banerji 2010 colors, shapes, concentration, texture ANN g%, oRAE
_ s ik T
Gauci 2010 photometric, spectra parameters Decision tree,
Fuzzy Logic
Concentration, Asymmetry,
Ferrari 2015 Smoothness, Gini coefficient, LDA
Moment, Entropy and Spirality
Dieleman 2015 - CNN REF S
Gravet 2015.11 - CNN _ )
: B aR BURFLE
Kim 2016.08 - CNN(Star/galaxy)
Aniyan 2017.05 - CNN(Radio)
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How rounded is it?

Vo

Is there anything odd?

Is the odd feature a ring, or is the
galaxy disturbed or irregular?

il
bl il

Is the galaxy simply smooth and rounded,
with no sign of a disk?

Could this be a disk viewed edge-on?

Does the galaxy have a bulge at its centre?
If so, what shape?

How tightly wound do the spiral arms appear? %

How many spiral arms are there?

Is there a sign of a bar feature through
the centre of the galaxy?

® s
| 'S

Is there any sign of a spiral
arm pattern?

ud

How prominent is the central bulge,
compared to the rest of the galaxy?

Task Question Responses Next
01 Is the galary simply smooth smooth o7
and rounded, with no sign of  features or disk 02
a disk? star or artifact end
02 Clould this be a disk viewed yes a9
edge-on ¥ no 03
03 Is there a sign of a bar yes 04
feature through the centre no 04

of the galary?
04 Is there any sign of a yes 10
spiral arm patiern? no 05
05 How prominent is the no bulge 06
central bulge, compared just noticeable 06
with the rest of the galary? obvious 06
dominant 06
06 Is there anything odd? yes 08
no end
o7 How rounded is it? completely round 06
in between 06
cigar-shaped 06
08 Is the odd feature a ring, ring end
or is the galary disturbed lens or arc end
or irregular? disturbed end
irregular end
other end
merger end
dust lane end
09 Does the galazy have a rounded 06
bulge at its centre? If boxy 06
so, what shape? no bulge 06
10 How tightly wound do the tight 11
spiral arms appear? medium 11
loose 11
11 How many spiral arms 1 05
are there? 2 05
3 05
4 05
more than four 05
can't tell 05
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Task Previous task Vote fraction

FE2FETEINEM F#H—T T E AR i
02 0l 0.430
FrEFERNREEER N ;% RIR ENRE 03 01,02 0.715
04 01,02 0.715
ﬁﬂiﬂﬁ_ﬂy\ﬁ/ﬁf%éf‘% : ffeatureS/disk = 0.430, 'E:":‘ 01,02 0.715
fedge—on,no = 0'715' fspiral,yes = 0.619 06 ) -
07 01 0.460
08 06 0.420
09 01,02 0.602
10 010204 0.610

11 01.,02,04 (0.619
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P, WIS ZHON2N +2)Z

|66 conv, 64, pool/2 | | S
1X 1 conv, 64Xk Bl\|
Iﬂ é& Q_ *lj AI— 3%3 conv, 64Xk R
I:I 1X 1 conv, 256 Xk . ><1,+m>< X
1%1 o 84-1-;1;“""““‘~~~l RZ{]U
3 X3 conv, 64 X
Eil&ﬂ’]?%%ﬁ?ﬁ 1X1 c0nv+256Xk ) ___-_-"i 3X3‘E" o
3MEMRE 1x1, 3x3, 1 X 15 l><lcon:128>;k_“- droeout
C BRABRENEBEE—, B3 MEREHBEK AN sh
TMEREBERNS m— — ReLU
o fERBIAE pre-activation” ., BI“BN-RelLU-Conv” e T 1X1,n Xk
« 3 x3HBIRZFEIAdropout . S — y @?EI/ o
— conv+513_>f££ _________ ! 3 B RGRZE BT
mgﬁgﬁ;‘:ﬁ] . 11 conv, 256Xk
- BE—ANEREERL, RTA6x6, BEHA64, KM, 5 33 cony, 236K Taper name | Ouiputsiz Depth
02x2, HEN2 BEABAR N I B N
. BAHWES S HAMERE | Conv2, Convd, Convé R B
Convs, HAGNERAEEN MREETT 3703 cog 23607k ’ com 2 oxie [13;13,’26;;:1 N
- KE—EEFIME, RINA4x4, BAENRL A1 x1 X DX ooy, 10245k J2 oo’ o . F;;ggii .
4096, wIETERT—5 PMHEA TN EIEREE softmax, e S 1x 1,512 k
3% 3 conv, 512 Xk 1% 1,256 k
1X1 comt 2048 Xk Conv 4 x4 |:13: ]3 -lz{;jziikk
1X1 conv, 512Xk 1x1,512% k
R IOR AR, St RIS, WA TIRBIEN, antame ] & | ¢ | [
IgE 7 EE e GEIEZH) , AR S ' Dieleman iU X1 comy, 2048k Avgpooling | 1x1 | 4x45-d,softmax

Ave pool, fc 5
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28790 sk FAREARIRO ¢ 1 YLLK S EF 0N i &

Completely round smooth 0 | In-between smooth 1 | Cigar-shaped smooth 2 Edge-on 3 Spiral 4 |
N, Proportion No Proportion Ns Proportion N, | Proportion | N; | Proportion fotal
Training set | 7591 29% 7262 28% 520 2% 3513 14% 7025 27% 25911
Testing set | 843 29% 807 28% 58 2% 390 14% 781 27% 2879
Data set 8434 20% 3069 28%, a7 2% 3903 14% 7806 27% 28790

c YIGENNAEFER

AR E B R DM

Galaxy-5 Samples Count

8000 A

6000 A

4000 A

Number of Galaxy

2000 A

dataset
I trainingset
testingset

Galaxy type
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2 ke N Number of layers Accuracy%)
k=1,N=1 14 03.4028
k=1.N=2 26 04.7569
k=2,N=1 14 93.0556

E=2N=2 26

05.21)83'\[

Z
1.
2.
Size of Conv 1 Accuracy%)
3 x3 02.1181
6 x 6 05.2083
I 7x7 93.?153\/
3. Dropout K/NSMZEMEERI X E
4. EREMRE

Dropout

Accuracy (%)

02.8819
94.2017

05.2083 \L

AEMNEMERNAR

4

Test(Q) Accuracy(%) F1 AUC
Gray 240 03.4722 0.9342  0.9786
RGB / 220 05.2083 0.9515 0.9823
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RTA6 X6, IiZEFkA

2, HE%RERITEH 2 1YL

X Dropout 4 0.8 B, 1%

ABEB R R TR,

$/J\ijesNet—26, 112600
Ik s



ResNet-26472£2

BWE, AEE, FlE

True Positive Rate

Class Precision  Recall F1
0 (.9611 0.0634  0.9622
1 ().0561 0.0431 0.0495
2 (0.7234 0.5862 0.6476
3 (0.0412 0.0485 0.9448
4 (0.0573 0.9782  0.9677
Average (0.9512 0.9521 0.9515

0.8

o©
o

o
IS
|

0.2 4

0.0

SMEREXAROCHZE

O

-7 = Class 0 (AUC = 0.9936)

’ —— Class 1 (AUC = 0.9826)

Class 2 (AUC = 0.9481)
—— Class 3 (AUC = 0.9939)
Class 4 (AUC = 0.9917)

=  Average ROC curve (AUC = 0.9823)

0.2

0.4 0.6 0.8
False Positive Rate

1.0
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1 2 3 B
815 21 0 0 10
20 762 0 0 17 X S RESHRE, 1A

TREFEER. REER.
EMRER. M@ ERMiE

7 1 5 763 @ REE

4 34 18 7 MFREE, 00 1. 2, 3. 45371
5

ZETD | SAKIRRMASEHES BN EAER, 9667854
hial 2R, 94.4238% ; EFRER, 58.6207% ; MEER, 94.3590%
MEREZR, 97.6953% ;

BRBERFEER. FEIER. M2 RXMERERNPEIRHE
REYRIGE, FUEHEN E  HPERER. NEERNE
RE RHAUCEENEIT0.99, HAUSTHORE RN KIERT &
D IOAFEILT] 797.6953% ; $HIBIIRERID KMRLRI—R,
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Image side

Model Train(S) Test(Q)

Accuracy(Te)

Dieleman(Dieleman et al. 2015) [170,240] | 180,200,220,240 03.8800
AlexNet(Krizhevsky et al. 2012) [170,240] | 180,200,220,240 01.8230
VGG(Simonyan & Zisserman 2014) | [170,240] | 180,200,220,240 03.1336

Inception(Szegedy et al. 2016) [170.240] | 180,200,220,240 04.2014
ResNet-50(He et al. 2016a) [170.240] | 180,200,220,240 04.0972
ResNet-26 [170.240] | 180,200,220,240 94.6873

F  BERBBE - MNIKRESTICKREXRE REHRTHE. aRTRARES

AEERANI AR, BHE, AEX, FUENAUCE

RS L

Model Accuracy(Te)  Precision  Recall Fl AUC
Dieleman(Dieleman et al. 2015) 04.6528 0.9455 09465 09456 0.9793
AlexNet(Krizhevsky et al. 2012) 02.2569 0.9207 09226 09215 0.9809

VGG(Simonyan & Zisserman 2014) 03.6458 0.9348 09365 09353 09846
Inception(Szegedy et al. 2016) 04,5139 0.9447 0.9451 09448  0.9852
ResNet-50(He et al. 2016a) 04.6875 0.9458 09460 09461 0.9823
ResNet-26 95.2083 0.9512 0.9521 09515 0.9823

F  ERETE—NNURREEFTIORREAE, SRIMRARTER.

E*HEE’JGPU RE=RE, FH

XS, Wi

TH?F%;E_E’J/E% RORBFEK,
B3 F1{EFIAUC &,
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. 1813 5Dieleman &

AlexNet. VGG. Inception #

ResNet-50 BYXFELSELE,
ResNet-26 BUS 7 & LAY 25
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2 A EBRIRIEIPE4E F77At-SNE

o« T D REYLIL 4R H: At-SNE (t-Distribution Stochastic Neighbor Embedding)

ML MFETE BENATSHEENT NN, AISHERRES 4 =4%
B RESEEFH LU R B T2 RN,

HY

|, B

FECRE X 08 N DMEEE X = {21,20,- - ,an ) AN D fEE. PRI, T SCRHETE R IR G 0 A pys SRR AR
t-SNE fJ AFrR it BB Y = {y,30,--- ,yv}. B 3 € RT M T o € RY. Pij = pjlig—;,? =3 (5.2)

A, d=2 H D> d.
. . _ i . F—, (ERgET s, HEEKRTHI ¢ o4 (BBER 1) FE L
A5, TPRFIMEE pjye pye B S o #0 ; BORRRATE, 2 o F0 o5 S0 .
aorAn iy -

IEEF, py (. HosE UR (g =yl

W AU e — P
HAET Al p 5 0Ty g/ k534 Q@ #1 P ) Kullback-Leibler #{% (KL
> kzs exp(— ||z — x| [2/207) ) ) ki3, B tSNE M BHRmE C A
Hoe oy 2R DUEE 53 = E{E A & o fabrifE 2.

(5.3)

exp(—||zi — z;|[*/207)

Pili =

C=KL(PIQ) =33 pylog 22 (5.4)
i t

P 1 @ i) KL HFE fd A i R 86 R 2 R -

aC . . _
oy 4> (pis — ai) (i — 1) (1 + |y — sl )" (5.5)
' F



= A REFIEER-SNE o Y& 547

- $iee : (; : 2
B ST LN .3
S8 Wine 20 e Tt esh e 2 . | ®° o 4
&>e 0® e J () 2’ .....‘ . ®
W:.::{Wz 03:;', ,%}. ".,.'.'.5}-9‘%'.;:. X
v T TSR Y RN
o' e 9 .. ‘ﬁ. o%. ﬁ#.o’n - ® .. ;. ~
°4 ’ ..“" .'."0' . 'b'f:' oo LS
T sy SO

training-1000 JR 44 F 2N Bk 5 testing-1000 R IR A ik 5

424%424%3=539,328%4



—

== 71N

““%P‘p,r

2 1. i—/\é?\;&%ﬁi ?‘E
VGGERIE—] 2. ﬁﬁ/é?ﬁﬂﬁpfﬁé?\ %:'IZD/'

7’%7\%@;%?‘” HIt-SNE S A A 0

= = Boh i AlexNet lxfle—EE&EIZEEME

Prediction: 1

; ws T e

Ry 2 ° 0 w ]
1 3?-‘. '! R s ' : : 5
*39fs Bern ° .3 o) 2 ‘¥
PR A R Y e i .Y ® 3 :
Datiis LKLY L . L S
23 -
iy e 2 ?:Ij.\y]l[).:lsiu/z,si'vl“vu‘; " R4 = :

3. Fﬁ AR E R AN =) 2 2R 3L R JE 5%

v :' ® ’.\‘é
»

F’%ﬁi)ﬁ

AREFNNDBEEE tl:/ﬂl ﬁ? MRGF ;

ResNet-50 /5 — F‘?Li’J/Mc): ) ResNet-26 &/ HJ/’MF‘ R 5

957 :;-_.-v
9"&'&"

..“' .

AR 0N

) A
g T EAY R
M

: .:‘ﬂ

3

s
o ¥ ¥
Ty

Sy

o "'w‘ (3
o -u-"'"*é-
‘"'!‘b fJ\u

*':i‘)‘{ v ..k"




BRI AT
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o,
GalaxyID: 119573

Class: 4

*w Prediction: 4
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Resources

* Dataset and Code
* Data: Galaxy Zoo - The Galaxy Challenge (https://www.kaggle.com/c/galaxy -

z00-the-galaxy-challenge)
* My models In Tensorflow: https://github.com/Adaydl/

Q&A
Thank you !


https://www.kaggle.com/c/galaxy-zoo-the-galaxy-challenge
https://github.com/Adaydl/

