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(1 ��w�'fpfÆ¡�:fb[_ 524088)

(2 �¬��'fpfÑffb�¬ 100875)

(3 VWÑ�'fP�ÑfÆå�fbXm 411201)X� á)ÂKÆØýi��Ñ�)�I�ßG	Æ��Tû. ú��û-�°���{î�, �vI1pn���, Ó�Y&ø<�9�PCA (Principal Component

Analysis)I1�ãy��Ö¹Õ, (SDSS (the Sloan Digital Sky Survey)�WISeREP

(the Weizmann Interactive Supernova data REPository)Ä��5620aI1pnÆ­�/��Ï:, ïå�00.498%Û�ïî�Æ+!��°7,�{��. �(Neyman-

Pearson³V¹ÕúËNPSVM (Neyman-Pearson Support Vector Machine)!�ïÛ�eMN�°���$�.s.Í �°�: n�, �û: n�, �/: I1f, ¹Õ: pn��-þ�{÷: P152; �.�Æ�: A

1 ��eÜ�û��R�(�,Åµ�®��N, àÕÂK, �v�Ñ�:�°�ö��6Ûe�ïÂK���, d°a\:R�����*Í�Ç�, ù�vR�ÆØý)Si�w	Í�qÍ[1]. 1��°��ú°(ö�Æz�
Gw	Ǒ:', ���°�ÂK'�Ç('Ä!á)å·�'Ïùa�7,pnÛL��[	.�°��û;�	ïÁIþÏ�û�KI�I1¤Á3Í¹Õ[1–2], v-, I1pnøùïÁIþÏ, w	�}�Æn', �
(ÏïÁIþÏ�KI�7�·Ö�å�pnÛLÔù!�, /�°��û�Í�Kµ.îM(�L�'��°�á)yî-, ý�	ZTF (the Zwicky Transient Fa-

cility)�Pan-STARRS (Panoramic Survey Telescope And Rapid Response System)�
Gaia (Global Astrometric Interferometer for Astrophysics)I[3–5], ý�	TNTS (the

THU-NAOC Transient Survey)�PTSS (the PMO-Tsinghua Supernova Survey)�AST3

(Antarctic Survey Telescope)Iyî[6–8]. Ù�'�á)¡���§��'Ä!�pn,°ã)�ÂKùê¨�����BåÊÆ>.
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62w ) � f ¥ 2�I1pn��1��p��, Î���M�å¹¿¡�, 8(�¹Õ	;����(Principal Component Analysis, PCA), Ô�, ��eIº�¥Ç(PCAM�[9]; `osIºú�PCA�°I1�ãv¡�Í�ûp\:°y�[10]. (Æ+¹b, ïåÇ(ñ�áõQÜ, ��eIºÇ(å¹Õ(ÀØØ�I1�{î�
·��97.4%�
n�[9]; `osIº�Ç(ú��èdË'àP(Local Outlier Factor, LOF)�»¤¹ÀK�Õ��°��	pMN0���;p�1%, å��Ï!Ǒ:�1a�°�I1÷e05054a�ûI1-, Ñ°Ï!��-�°��LOFý�(��7,Æ��M1%[11].d�Øïå�(/��Ï:(Support Vector Machine, SVM)�ºå^ÏQÜ(Artificial

Neural Network, ANN)I¹Õ[12–13].Ï�vÑ°, ú�I1�ã�y��Ö¹ÕX(�Yy��î�, v�ú�ã³¹H: �H, (I1�ã¹Õ�Öy�ÛL�[, 6Æ¡���y�ûp($*{+
�ø<�, vZÛ�e[	; SVM(�û-�°���{î�-�0�99.502%�Æ+
n�. �QÛ�eMN�$�, Ó�Neyman-Pearson³V, ,��ú�NPSVM

(Neyman-Pearson SVM)�{!�, å��
�aöÆ:o.

2 pn6Æ�°���/Î�ûùa-[	úe. �åê��6Æ�°�Æ�û${�pnÛL��sï.�ìÎWISeREP (the Weizmann Interactive Supernova data REPository)1
6Æ�SUSPECT (SUpernova SPECTrum), SNfactory (the Nearby Supernova Factory),

SDSS-SNe (the Sloan Digital Sky Survey-II Supernova Survey)ÂKpnI1[14], �(�CfA (the Center for Astrophysics)2�°�¡�[15]��è�ÆNugentIº� ��°�!�3 [16]. ,�Æ�.[10–11]-ÅÇ(Ia��°�!�
�, ��ý��!�¨�0vÖ{���°�I1Æ+
, �å�ì_�(�NugentIº�vÖ{��°�!�,1�Ù�!�/1�°���ö���*ÂKe��I1ÖsG�0, v(ö�
ÛL�Ò<[16], �w	ãh', àd�(�� �°��PCA!�, �i���°��KI1�(��{!��­��KÕ.�ûpn
, �ì�(�SDSS-dr16�0��ûÂKpn[17]. Ù��ûI1�â(�PCA!���� È\:��pnÆ��ûè�.:��pnß�(�*:�
ÛL��, ,�[	úYbâ���(3809–

7000 Å�I1, v·��3427a�°��KI1�2193a�ûI1.h1�2�+Ùú��°���û�KI1�{+pÏ�Ô�, *ÙúP{+�°:untyped, v-AGN (Active Galactic Nucleus):;¨�û8. þ1Ùú��°��KI1øùI�'�pnÆájÔ�;���, þ�-SNeh:�°�, Galh:�û.

1https://wiserep.weizmann.ac.il
2https://www.cfa.harvard.edu/supernova/cfaspec snIa 20120322.tar.gz
3https://c3.lbl.gov/nugent/nugent templates.html

15-2



62w �¾�I: ú�NPSVM!���°�Æ+¹Õ 2�h 1 �°�(SN){�ß¡
Table 1 Statistics of supernova types

Type Amount Proportion

SN I 3 0.09%

SN Ia 3008 87.77%

SN Ia-pec 46 1.34%

SN Ia-91bg-like 26 0.76%

SN Ia-91T-like 10 0.29%

SN Ib 23 0.67%

SN Ibn 3 0.09%

SN Ic 81 2.36%

Type Amount Proportion

SN Ib/c 14 0.41%

SN II 41 1.20%

SN IIb 41 1.20%

SN IIn 44 1.28%

SN IIP 44 1.28%

SN IIL 2 0.06%

SN II-pec 41 1.20%h 2 �û{�ß¡
Table 2 Statistics of galaxy types

Type Amount Proportion

Untyped 1305 59.48%

Starforming 614 27.99%

Starburst 179 8.16%

AGN 52 2.37%

Broadline 35 1.60%

AGN broadline 7 0.32%

Starforming broadline 2 0.09%

3 pn����°�b�:6�ì}î�8ï4�§��í8�¸�'(ÏR��8L)�¸,$�G�Ñ�(�û�. �å�°��I1S���Æ¿;�û�I1GÑ�à , �ö, 4Ǒ	KÏ�'�aö�)IÌoI�w�Ǒ:jðε, �/ÂK�0�I1Mïå����b�:

M = S +G + ε .I1\:ùeÜ)S�ÂKKµK�, d�jðqÍ�, ;�ØX(å�qÍà :

(1)eÜ)S�I1¢û;

(2))SÝ»��°�,«^'�����6µIù1¿:��qÍ;

(3)
��Ü\pn��¹Õ�î�.
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þ 1 �°�øùI�'(a)�pnÆájÔ(b)����¹þ. (a)-6ÆêCfA�I1(¢rò¿)Ùú�/øùBâµI�'�)p, 6ÆêWISeREP�I1(Ýrò¿)Ùú�/øù�VâµI�'�)p. (b)-¢rò¿:�°�I1�ájÔ��, Ýrò¿:�ûI1�ájÔ��.

Fig. 1 Histogram of supernova phases (a) and signal-to-noise ratio of dataset (b). In panel (a), the

spectra collected from CfA give the number of days relative to B-band maximum (red curve), while the

spectra collected from WISeREP give the number of days relative to V-band maximum (blue curve). In

panel (b), the red curve is the signal-to-noise ratio distribution of supernova spectra, and the blue curve

is the signal-to-noise ratio distribution of galactic spectra.àd,�ùÂKpnÛL�å����åÏ�
ðà ù�ÕH��qÍ:

(1)�¢û: ù�¢û:z�ÂKâ�:λobs�)SI1, ¡�vYbâ�:

λ =
λobs

1 + z
;

(2)*­ÆÒ<: ��	7,*­óYbâ��Ö���¤Æ3809–7000 ÅvÛL¿'Ò<;

(3)»d:�¿: 1��°��I1/¡	�¿�[10], :�Ï��¿�rp, ,�ú�3σ��(�0G<�Ý»'�3
�Æî�¹Æ:�8¹)eÀK�¿, ù�¿ÛLÇävÿb�G<, ª¯�!åÝÁH�;

(4)»j: �(�âØb¹ÕÛL»j;

(5)�Æ�: ù�G<:µi��Æî:σi�,iaÂKpnM obs,i, �Æ�Æ°:�ÏM i = (M i1,M i2, · · · ,M iq). v,j*�Ï:

M ij =
M obs,ij − µi

σi

, i = 1, 2, · · · , N , j = 1, 2, · · · , q ,v-, M obs,ij:ÂKpn�ÏM obs,i�,j*�Ï, N:ÂK7,�pÏ, q:I1pn�Ï��p. þ2U:�pn����H�.
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þ 2 (pn���-, �aI1��Ëpn�«�¢û�*­�Ò<�»1¿�»j��Æ�.

Fig. 2 In the data preprocessing, the raw data of a spectrum will be deredshifted, truncated,

interpolated, spectral lines removed, denoised and normalised.

4 y��Öå�¾L�Ï
M i = Gi + Si + εi = (M i1,M i2, · · · ,M iq):,iaÏÇ����÷�I1, v-, GiÆSi�+h:Ä�å÷�I1��ûI1��°�I1, εih:ÂKÇ�-�Ǒ:jð.

4.1 I1�ã
PCAè(�Ç¿'Øb�0°�ØÏ, s;��, vù;��	g¹î!.�ÛL�Ǒ. Ù�;��á³: �*;��Yj�¹î¾0�'�;��K�O¹î:0, s,j*;��Yj�¹îVar(Yj) = max, YjÆYj′�O¹îCov(Yj , Yj′) = 0, j > 1, j′ =

1, 2, . . . , j − 1. ù�,iaI1M i, v,j*;��Yj = M il
T
j , v-, ljð:;��¹�.ù�°�Æ�û!���+�(PCA, �ïå�0�û!���Mm*;��¹���°�!���Mn*;��¹��+:{gu}, {sv}, u = 1, 2, · · · ,m, v = 1, 2, · · · , n.,��;��¹�ð:I1y�.v-, 1�NugentH����!�(
�{+��°�K�, I1pÏX(�'î�. 1�v-�{��ê	12aI1pn, �/ùÏ�{(ö�
IÝ	Ö12aI1pnå(��ú�°��PCA!��.þ3ê
��U:��ûÆ�°�!��	¹î!.��ǑÆ�M8*I1y�. dö	Ö�°�I1y�/¡!.�:95%�M8*I1y�, �ù��û��	Ö/¡!.�:90%�M180*I1y�. dö, ïå��KI1�\/�I1y�¿'Ä��Ñ<[10,18], s

M i ≈ Gi + Si =

m
∑

u=1

au,igu +

n
∑

v=1

am+v,isv . (1)
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þ 3 I1y�. ê
��:�û(æ)Æ�°�(ó)!��	¹î!.��ǑÆ�M8*I1y�,:�¹¿U:, ùÏaI1y�ÛL�Oû, þ�pWh:OûÏ.

Fig. 3 Spectral feature. The galaxy (left) and supernova (right) templates are sorted by variance

contribution and the first eight spectral feature are top down displayed in figure. In order to display

conveniently, each spectral feature has an offset, and the numbers in legend represent the value of offset.¾,k*÷�I1�ûp�Ïai = (a1,i, a2,i, · · · , am+n,i)
T, °















Ac = (a1,a2, . . . ,aN ) ,

A = (gT
1 , g

T
2 , · · · , g

T
m,sT1 , s

T
2 , · · · ,s

T
n) ,

M = (M 1,M 2, · · · ,MN )T ,1(1)�	A ·Ac = M
T. àdBãAcsïB��ûp�Ï, v�°I1�ã, s¡�

Ac = A
−1

M
T ,SA
á³
¤'ö, �ïå(��¹Õ¡��0[10]:







B = A
−1(β1,β2, · · · ,βm,βm+1, · · · ,βm+n) ,

Ac = B(β1,β2, · · · ,βm,βm+1, ..,βm+n)
TMT ,

(2)v-, (β1,β2, · · · ,βm,βm+1, · · · ,βm+n):AÏ½Æy
¤�Æ���UM
¤�ÏÄ.�ÇI1�ã, �ì·����aI1pn �0åai:P��Ï�°y�z��¹Õ, þ4�+U:��ûÆ�°���ãH�. þ5U:�è�ØÏÄ��3���þ.

4.2 y����ø<'�ÏG¾òå$aÞí���Æ�ò¿p1(x)�p2(x), ùp1�p2å∆x:e�IÝ»»
ï�+�0�Ï~p1�~p2. S∆x → 0ö, Öìý��}0h�úåò¿�y�. E�I$a��Æ�ò¿�ø<�:

Sim(p1, p2) = cos < ~p1, ~p2 >=
~p1 · ~p2
|~p1||~p2|

. (3)
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þ 4 �ûI1(æ)Æ�°�I1(ó)�ãH�,þ-Ýrò¿:ÏÇpn����I1,¢rò¿/�ãúe��°���, Yrò¿/�ãúe��û��.

Fig. 4 Decomposition of Gal spectrum (left) and SN spectrum (right). The blue curve is the spectrum

after data preprocessing, the red curve is the supernova component, and the orange curve is the galaxy

component of the decomposition.

þ 5 è�ØÏÄ��3���þ
Fig. 5 Three dimensional distributions of partial variables combinationþ6:è�y�ûp������¹þ, Îþ-ïå�0è�y�ûpú°�Y�°a, Ù�y�ûp���($*{+K��:+v
Æ>, �ó¥ÑÍ�. Ù�y�ûp�X(ù�{û¡v¡	Ê��ó�ù�{H� ����rp.�/���Ï�*y�ûp���($*{+K�î��
Æ>��, sy�ûp���ø<��, åÛ�e[	y�ûp. �(3)�p}ïåá³Ù��B.þ7:ø<����¹þ. �/, ê�¾��<s0, ÝYSim 6 s0�y�ûp, sïÇäNHy�.
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Fig. 6 Frequency distribution histogram of partial feature coefficients
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Fig. 7 Histogram of similarity

5 I1Æ+1þ5ïÁ, (I1�ã�0�y�z��, I1Æ+î�ïÑ<:�*¿'ï���{!�. ùd, ,�Ç(�¿'/��Ï:ÛL�{­�.

5.1 /��Ï:¿'ï�/�(y�z�-ý�~0�*1��h:��sbe
n0Ïð�{û¡:

w · xT + b = 0 , (4)v-, w:�sb�Õ�Ï, x:P��Ï. (I1�{î�-, (,ia���I1M i�Ö�y�aieãhå��{I1, s	x = ai.
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62w �¾�I: ú�NPSVM!���°�Æ+¹Õ 2��/�*7,¹x0�sb�Ý»::

r =
w · xT

||w||
. (5)åå�sbý�
n�{, sù�û�7,(xi, yi), yi ∈ {−1, 1}, Sxi:�ûI1ö, yi = −1, w · xT

i + b < 0; Sxi:�°�I1öyi = 1, w · xT
i + b > 0.ê������HØb, 7,Æ;ïåá³:







w · xT
i + b > 1, yi = 1.

w · xT
i + b 6 −1, yi = −1.dö, 9n(5)�, 1å�sb�n���{��:2/||w ||. ù��{î�, �ì��Ù*�{�Ý=ïý', �ÙIH���� 1

2
||w||2. àd�ìê��Bã:







minw,b
1
2
||w||2 ,

s.t. yi(w · xT
i + b) > 1 ,

(6)�eÉ<�åXPηi , 1É<�åXPÕ	ùvî�






max
∑N

i=1 ηi −
1
2

∑N

i=1

∑N

i′=1 ηiηi′yiyi′xi · x
T
i′ ,

s.t.
∑N

i=1 ηiyi = 0, ηi > 0, i′ = 1, 2, · · · , N .
(7)�Q2bÇß��
/�h¿'ï��Åµ�, �e“~�ØÏ”ξi > 0, Bã��Ä�î�:







minw,b,ξ
1
2
||w||2 + C

∑N

i=1 ξi ,

s.t. yi(w · xT
i + b) > 1− ξi, ξi > 0 , C > 0 ,

(8)s“o��/��Ï:”[12], v-, C:8p, h:�_��, C�'ö~�ØÏ���, �8ÖC = 1.(
��y��Ö¹Õ�, 	ÖpnÆ�75%\:­�Æ, iY\:KÕÆ. íã	Ö
�s0ÛLSVM�­�, �0��þ8�ï$�Ø�ò¿, v(h3-U:�3*!�A�B�C�æÆH�. h 3 SVM(KÕÆ
�h°
Table 3 The SVM performance on the test set

Model s0 Features Mistake Precision Recall

A 0.895 103 0.641% 99.650% 99.188%

B 0.980 174 0.498% 99.422% 99.768%

C 1.000 188 0.783% 99.419% 99.304%
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þ 8 ï$�ò¿, s0:ø<��<
Fig. 8 Mistake rate curve, s0 is the threshold of the similarity Sim>6, ø<�Çä�Õý�Û�e�ØM�Ó��(Ï, Ss0	Ö�Sö, ÍýÝÁ�{H��pn�p��. (�EÅµ-, ïåÆaö	é���!�. Ô�, S¾�¡�D�	PöÇ(�Õz�
B��N�A!�, S¡�D�³�����$�=ïý���(�$����B!�.1(5)�ïå�0ù�7,x0³Vb�Ý»r(x). þ9U:�Ç(B!�ö��Ý»��Æ�þ. SVMïåÆ:�*å�¹:³V¹��{!�, (�¿L1ó§s$­:
, (L1æ§$­:�.

þ 9 Ç(B!�ö, 7,¹0SVM�sb�Ý»r���. f1:�û7,Æ
�Ý»��ò¿, f2:�°�7,Æ
�Ý»��ò¿, L1�L2�+:SVM�NPSVM�³V¿.

Fig. 9 Distribution of distance r from the sample point to the SVM hyperplane when using the model B.

f1 is the distance distribution on the set of galaxies, f2 is the distance distribution on the set of

supernovae. L1, L2 are the decision-making lines of SVM and NPSVM, respectively.
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62w �¾�I: ú�NPSVM!���°�Æ+¹Õ 2�S7,p³�'ö, ³VÝ»r�����ò¿ý�Ñ<���Æ�ò¿, sf1 →

p1(r)�f2 → p2(r), v-, f1:�û7,Æ
r�����ò¿, f2:�°�7,Æ
r�����ò¿; p1(r):S7,xeê�û;Sö, r = r(x)(�pßR
���Æ�ò¿,

p2(r):xeê�°�;Sör���Æ�ò¿.dö, ¾P1[r(x)]/7,xeê�û;S���, P2[r(x)]:7,xeê�°�;S���. ��P1(r), P2(r)�+�I��:

P1(r) =
p1(r)

p1(r) + p2(r)
, P2(r) =

p2(r)

p1(r) + p2(r)
, (9)�Ù�xö, 	P1(r) + P2(r) = 1.àdS7,Ï³�'ö, (f1(r)Ñ<p1(r), (f2(r)Ñ<p2(r), sï�ÇSVM!�¡��*7,^�$*{+���. S	�*�°��	S�ÂKö, ïå��	S	g�°���{��P1(r)�Ǒ, 6�ÂK¡�, Î��ØH0û~�°�.

5.2 NPSVM�{!�eê�°�7,Æ�7,��«ï$:�û, s:�°���$. ù��°�á), 	ö���°���$�=ïýN. :�Û�eMN�$�, 
¨�Ý»r�\/ÏÇSVM ����°y�.¾�C��R = (R1, R2), Sù��*°�7,(xi, yi), r(xi)ÏÇ��RÆ$­:�ûö, °\r ∈ R1; Sr(xi)ÏÇRÆ$­:�°�ö, °:r ∈ R2.Sxieê�û;Sö, ÏÇ��RÆ$­:�°��/ï$, G¾d�öÑ����:Pe1; ��, ù��°�;S, 	Pe2. 1��º	:

Pe1 =

∫

R2

p1(r)dr , Pe2 =

∫

R1

p2(r)dr . (10):�Û�eMN�°��$, ù�����°��$
Pε0 , ��	Pe2 = ε0, dö�û~á³��aö�����R, sNeyman-Pearson³V:






min Pe1 =
∫

R2

p1(r)dr ,

s.t. Pe2 = ε0 .
(11):�Bãåî�, ïå�úÉ<�åýpγ = Pe1 + η(Pe2 − ε0), Èà:1 −

∫

R2

p1(r)dr =
∫

R1

p1(r)dr, �	
γ = 1− ηε0 +

∫

R1

[ηp2(r) − p1(r)]dr , (12)v-, η:�e�É<�åXP.1É<�åXPÕ	:

∂γ

∂r
= 0 ⇒ η =

p1(r0)

p2(r0)
,

∂γ

∂η
= 0 ⇒

∫

R1

p2(r)dr = ε0 , (13)v-, r01∫

R1

p2(r)dr =
∫ r0

−∞
p2(r) = ε0ãú.
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62w ) � f ¥ 2��/, 1(11)��(13)�	����:







η < p1(r)/p2(r) , r ∈ R1

η > p1(r)/p2(r) , r ∈ R2

,







R1 = (−∞, r0)

R2 = (r0,+∞)
, (14)v-, p1(r)/p2(r)ð:<6Ô. �/, �Ç�tε0sï��
���B.S7,pN³�'ö, 	f1 → p1(r)�f2 → p2(r). æ�, (�E¡�-, 1�Ç7�
³, ïýú°f1(r) = 0�f2(r) = 0�Åµ, :��M�Í:0, ��Ñ<Æïù³Výp(14)�ZØb, �/	:







h(r) > 0 , yi = 1

h(r) < 0 , yi = −1
, (15)v-, h(r) = f1(r0)f2(r)−f1(r)f2(r0), r0á³∫ r0

−∞
f2(r)dr = ε0,,�ð(15)�:NPSVM!�.åäε0 = 0.002, ��0þ9-��¿L2 , v¡�h(r)�0v�p��þ�þ10, döÆSVM!��Ô�H��h4.¡��0�°�dö��$�:0.116%. >6, H�Ô���ε0 = 0.2%�}��.F/, �û«$:�°����:0.920%, �å<Ç(n��SVMö, Å	0.356%; tSï$�_10.498%
G00.854%. E�, d¹Õ�S9n�EÅµ-�HÊ����S�t����$
Pε0 .

þ 10 h(r)����¹þ
Fig. 10 Histogram of h(r)h 4 SVMÆNPSVMH�Ô�

Table 4 Comparison between SVM and NPSVM

Model Generalization error Gal missing SNe missing

SVM 0.498% 0.356% 0.232%

NPSVM 0.854% 0.920% 0.116%
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6 ;ÓÆU�,��Çpn����y��Ö��{!�úË���, Ñ°�I1�ã¹Õ��Yy�vÙú�ú�Y&ø<����¹H, �0��*H�o}��°�Æ+!�. øù�vÖ�v, ÅÇ(SVM!�ö, ,�ý�1³VÝ»��Ùú�*7,��{��, å¹¿¾n�°��ÆíÂK�H§. �ýB���°��$�ö, ,��ú�NPSVM!�_ý�	HP6v�$�.F/(�õ-, }6NPSVM!�ïåMN�$�, F_�� ��û$:�°����. �°���ÈÁ¤��Ø��ÇºåÁ¤�ÆíÂKÛLn¤, ��û«$:�°��� º�Æö��,, à���9n�EÅµÛL�$��P6. ����tSï$���, Øïå	éÅÇ(SVM!��
Ç(Neyman-Pearson³V.<���, ,���Ê�PCA�SVM�Õ, SpnÏ�'ö, (ß¡�I��ï`,H�_�}. ��Ǒ�����°�Ñ°, !�H��
­�Ø, Î�b�
Í�:6¨¨�°��Ñ°.�" �"¡?ºù�à�ú��5ú®, ���à�(Ï	�>W��Ø. �"WISeREP�CfA�SDSSl��I1pn�Nugentl���°�!��øså\��Øú. Â��.
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A Supernova Recognition Method Based on NPSVM

WANG Jing-dong1 CHEN Xing-xing2 LIANG Wu-ying3 HUANG Ze-feng1

QUAN Shao-wu1 SHEN Jin-xuan1 SHI Xiong-hui1
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(2 School of Mathematical Sciences, Beijing Normal University, Beijing 100875)

(3 School of Materials Science and Engineering, Hunan University of Science and Technology,
Xiangtan 411201)

ABSTRACT Sky survey is closely related to the developments of many domains such
as high energy physics and black hole astrophysics. In order to solve the classification
problem between galaxy and supernova, an available supernova recognition method
based on NPSVM (Neyman-Pearson Support Vector Machine) has been proposed. The
dataset, which is collected from WISeREP (the Weizmann Interactive Supernova da-
ta REPository), SDSS (the Sloan Digital Sky Survey) and supernova templates made
by Nugent, has 3427 supernova spectra and 2193 galaxy spectra. After preprocessing
spectral data, the decomposed spectrum feature based on the Principal Component
Analysis (PCA) is extracted, and the redundant features are decreased with the cosine
similarity method. The classification model based on Support Vector Machine (SVM)
has a low level of generalization error evaluated 0.498%, and can calculate the classi-
fication probability for a new sample. Furthermore, the improved NPSVM model can
limit the missing rate on supernovae with the Neyman-Pearson criterion.

Key words supernovae: general, galaxies: general, techniques: spectroscopic, meth-
ods: data analysis
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