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PSR 2L 5. S XA f B AT )12k, Bk A A Rl i) ) A RR ) 7 B Y 32
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AL TR ARG B Pk e R . B D, FASELIERE A BT R
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B TP AR AR A T . T B AU FAST WA 85 RFT I BENLRRE, 85
411412000 1 FAST Jikf 2 WL EGE SO, F 584050838 H L RIS S AR, {E7 4R
PASEES AR, TR IEME SR 45 A0 SO E G TP s, Hodr, SUBIEEH 4096 4, LRSI
I~ 1.0 ~ 1.5GHz, %N 500 MHz.
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A3 P70 50 R fok o 2 S A B 1 2 BEPE BT IR LY, FR Rankin £2 H 1975 200 2 0 AL AT
W+ WAERR” BN KRB SR AR, AR NS IE R S [ X R
AP AN B BRI A, IR g, XUE, ZIERI s, AT A OB AR ) L A
o PRI, BB AN EETEE DY 1~ 5, AMUERRAE 7 L0 IR XSS5, b Re i 42 215
AR R RS B AE o kb o8 BRI AT R . kb R 2R AL kb AR LT O, =
o0 Ik vk 2L P F 2 ) SUT0T 7 ) e S SR et BR (K I TR e, kR 4 o o FE A i A, kb R R
TR TLART 285 ARG RO 71 2 PRI A8 A 2 3 B5URK PR R 2 ) ) PR 784, e Pl oAy Jok o 5 B8 )84 o R A
CVA T, ko 2 A ik 5 B o o LR 3T 3% ~ 10%0, {EE SR SRRERRIE LR, kb 58 B AT
i 20% s 2 PR, FRATTHE B Bk g AR I 2% ~ 30% 2 [AIBEHLEIUE, LA T g
AELEBIAS R B o B R RFAIE o okl v PR SR AE kvt B SR SRR e I LS4, ik 2 1
o LD 30 N T O S ) PR BN SR, FRATIS % Tl Wang S5 A I FAST Hid
HHE R A Bk E S TR B R, B IR0 BE 1) SR kv 2 FE A TS Dy 2Ty ~ 8Ty 18
WAEDLN, KRS R A W A7 B RO LE AN AR, N BENL /A, 456 N 0 g g 3 A4 ok 72 g )
WA Sk R ) TEREARTE T 75 B AN B 3 sl 2 AR Bl N AR AE — 2R BN A R e 2, [
B, AT kR AR I 2R E 2 GV AR B R AR S — 2R B2 A 2R, 1B 5 R
PE S TED T, FRATI AT B R Y B 3T S B I 40% ~ 60%, ZUEIEHLR, HERE
Hrp—/ g E .
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HrAr, DM (dispersion measure) K /NFE AL IE AR F T TAEEE, BE LA pe - cm™ AL
F A0 R B AR AN R R, PR MHz. fERIA N, USRI £,
FIF 3 BT AN O ATUER (138 T8 ot B (1) AE SR B ], 2% FE A R Y, 55 I UEAL
BEEESIR A KL B AR E . LRt Ar IS ST TBiAs & ADM, R kb 2 B e
BS s bR AR 2, HREN:
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Hr, DM, F/n B9 PRESTO JH BRI EEL, Al B N T 200 kb 2 k. I ADM 5
O EE IR 13 B AR AR B, AR 52 Tl A B S R 0 . IR UE T O V2 A HE
M, BIN T KBRS DMy, 2455 SRS T A6 A0 2R 1 e S X6 B — BN A IR, U
I () ADM {EEIR D Mo B a) FER T 5 56 400 W (00 T A (0 0 v 35 A R AR
A, BATTIE L RS T W B FEE TG = P Bl AT AR A s o A5 I 938 Hh Pk e 0 B 0 ok o s P2 T
PR AR L L e R, BEE SR AT, kot N A R B S AL R R
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B SR AR O . RV . IR S, LU BN RET T3 (5 5 S ab 1,
AR 14 853 AN BB ASFIEAN R kb B gk . Horb, SUEREAR 2644 4, HELIRTEE 17.8%;
ZUEREAR 1050 4, 5 HARTFE 7.1%. AR T HIEBIRE D,, WreA = o, wisT
JFIRHARAE Dy, HTHCRAE 1 D0 3k T R B Jik e S A3 A/ R IS 5 . SO i 2
PR b SRR, 3 BB B 2 R G50, AL S R TR A0 R B e b e, DA%
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TR AL BB T — 5 RANRE R G, RIECVUR K2 d) PSR- GRS AR A R A IR SR
PRl rh B B A BENL A R, FEATE R E 2R, ZIREITCEIZA S .

El4 ARINE pRAYBK R E IRE ARG

N =B B Dy M Dy FERHEZS (8] BRI ARG GG, FATHE P> Hcdls 4R b BE AL
L 786 A ELSEFEAFN 786 MEAUREA, FERH t /- M BEHLABIEIR AN PE4ER AR (t-distributed
stochastic neighbor embedding, t-SNE) 50 Sk U EDURE AR T BT ] AT T B RO 4 o T PR e 00
TEBEL4EARLHE, 4 %'ﬂ@ﬂ BLAFE A 1) 40 AT LA B, 5 R AT e R Ak i (& S i, SRAA
HAT AR 0 = S R B E I R B AR ORI, kAR A2 AR UK, 3 BN A
AUH B G RSN BRI . FFEE U, SERRULI A7 AE — e AV SRR 1)
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WAEA . SR, K BAURE A SCSCREARAE RS AL S R A AT A B, HA IR GF A A,
Bk A VE R R AT

t-SNERJ #AL ATR AH A7 &

o BUEA

t-SNE A MUAL I [R] A £

e BSOSO R R g D, FROEEA, KO0 = MRREHE D, PRIESHA, B
FNESEREARA 786 >0 a) A AL SEREA T (KSR AR AL IR 3 A5 b) S AT A4k 9 A o FR e ) A o7 ] 23 A o

5 HEE D, M D, BOHARBERETILER

2.2 FREFUE S I ResGAN
A WEBH A AT BTN 4% (semi-supervised generative adversarial networks, SGAN) J&3&T4
BT HL S K T3 —MIE R, 5ZANE R, 2 W B 28 110 40 ) 2 AN [X 73 N Bt 1 =LA
T FUSLHAR AT 2. Horh, PRI A S I B ORI B Ay . IBRELS —ar6
A EEM KRR, AT LAY B A SO Pis i i e 1 B 2 A, HA RS, £
AR B, #R RS T I EES KB R, T RN R ARG AR T RAE 55 IS B
43 RS, TN TR BIE P T 78 B 4 2K AT.55 T R A 718 75 1 ResNet-50™ ok 53 3 2%
BH (SGAN™) IS4y 1045 H, HBIMGERTE (ResGAN) %% 24 LI Bl
8 38 ik o R R € PR 2 — AEAE SRS, FRATTERT T 1 ResNet B2 1) — 40
WA, LI —4E 550E . SESM _4EHAR, —4EREE GG SE5EE M
I P B TR AIE o AR B IR Hh AN K R P MRS I B 2 — E ) & x e RN, Hrp N 2
EEKE, BRI w e RF IR/ A b, —4EBIRERE W LIRS A :
k
Yi = in+jwj > (10)
=
o,y RGRERRIHE, x. RMAGESHE, w, REFRRNSE. ZlEEdEmA
G5 LUTER A S, $ERUE S KRR E. NIREBCE SR RHE, AKX —ERERAE
T REEZENERE, I HESERESEWEN— N ERENEN, 545 EHaE% 5 > 24
A2 IR RHIE, 2 2 BAR B4t o] ARIR A

Y = ConvID(X, W;k, ), (11)

Horb, X ZRAESHERE, WEBRK, k RGP, s BIK, MYy NGRS
R FEJIAMN ResNet 1, P72 IEHGE T BB — i A6 BUZ RGEMEE L K 1 R, JF
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Conv Block
Identity Block
Conv Block
Identity Block

Conv Block

Input
Conv
Batch Norm
Activation
Identity Block

El6 M#tEE! (ResGAN) MIL&LEHy

DRI S A B . fE—JEBARRAS Y ResNet 11, FRATIESE T IXFh& MR 2451, R
R RGN Ay — Y. HAORUE, X T REARED, HEAR 5 -

y = ConvID(x, W;k,s) +x, (12)

Hrp, x REANES, y 2RERIR . REEMIIA T A B0 5 B E K, JHERE
T HRFIE RN 1L 2 AR IR A5 B fis .

3 IR SR

3.1 BIREMLHLE

AR SIS B 256 BOR 4 e R Rk vp R IR AR B, 2B B T B Wang S A AR
FAST FFIE S d S MBATRIER ARG SR AL k. A EHR IR TR, — 302 R H
AR ST HL I 5 SR AR A B s 5 — 322 R H PRESTO Ab2E FAST % MS. M14
S5 T ) L 5 4 81 ) L S At e A

NAFENEE I A, BATKRSGEBIRER 5 RIIGE . RIFEMNRE, BirAmn
R 1 FR. WAL TR, WUFEH THEMFESEORM: ST IEREA A 3R A
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UE R IEREAS, T SORE AN BE AL R, SORE AR AR AR A GRAFIL 11 ALl s
TR A& VPAL, HIEREARRR S 1R IBIURE A AT FAST JTHIR S 82 1 BT A7 IEFEAS, 47
FEABENLEFE . RS IEREAR SN, S SHAINZGERE, %R0 5 IX
Gy LSEIEREARIBAUIEREAS, DT 36T ASE 2R Xof oA AL Jok e B2 4 326 A5 PR AR 31 e

#z1 BIEENIHER
EAEIE P MRE  3RIRE
ik 2 11086 3000 1930
Aefkrh 2 11205 7000 1865
ARARICREA 10043

AT RIS AL A T st E R vH R 1 B R S5 AT & kAT, RN 15 # In-
tel(R) Xeon(R) Platinum 8474C AL ¥ 2% . NVIDIA GeForce RTX 4090D & ; #F3£4% 4 : Ubuntu
20.04.4 #:AF 258 F I Tensorflow 2.10.0 + CUDA 11.8.0 + python 3.8.17 HEZE . R [ 3)I] 24
T Adam H@ERNFEMGTHLEE, G888 H S S HINH TR,

3.2 hiER

FERATH B, kb B L OE G SE N IEREAS, AR ARk rh A AREAS . i
I ik h BB AR AN = AT S5, W RPN fe b AR e . A%, MR, F1 &
B, IXECFRFRE LUTF
TP +TN

HETH R — 1
LS TP+TN+FP+FN’ (13)
TP
A A = . 14
AR = o N (14)
TP
Jeb i s 1
HEZ TP EP’ (15)
2 10] 3% w FESE %
Fl 440 = 2% E'sz*i{ﬁz (16)
BIER + fE R

HH, TN (true negative) &7 S A 07 T R S AL A% TP (true positive) 7 SEFR A IE
HIRM A IERIREAR, BIPE IEMIR BBk & FN (false negative) 287 SEBR A IE H) T A 61
[IFEAEL, FP (false positive) F7nSEFR A A TN IE IREAR S . HERR R RO BE IR R 2 2K 1)
FEARB G SFEARZI LB, 100% FIHER 2 BME AUER TN 7 Ira FEAR, WA Al
RPN IERA 7> RO IEFEARE S IEREARBELLB], 100% 14 5] 256 = kA B IE R U] T
FB IEFEAR, SRR R 2R RN A 7 S 0 IR AR 3 T 9 IERE A LA, 100%
(RDRE U 2 R R A R T () IERE AR A IR, AT 4R F1 0 0% A IR AR R K AP
BI%, 100% 1) F1 40 BUSMoE WA TNR AR R, 2 —MEAEIRAS .
3.3 KIGHERIIEE

— AMEIEARAE A AL B DU RIS PRI, 200l 2 Ea e il 45 . kP B« Al %e-AR A« B[] -AH
B, IX T RAERHGE AR BT 73 J 25 B (1 DU A e B B AR o VPl AN RS S R % 4028
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PEREIISZIE,  FRATT o G BEAS RIS AR R 28 (R b ST 3 N AT N Srs D0 F 5O 1S 28 1) A 2K
P, D RIRIELAER (SGAN) FIHGHERA (ResGAN) HEATUIZE: ARG VPAL I5F EL A
PR FE bR E IR A B 78 R 3 MR, SIS B AR ICFEARZCE 2 N 1% 10%- 25%-
100% FIXFIELE . iR SEagas )% 2.

F2 AEMESFMARIINZGHEARLL BT SGAN #1 ResGAN 735A%TEE
SGAN ResGAN
FUER  HEX Flof iR ARZEX  Fl 9%
/(%) /(%) /(%) /(%) /(%) /(%)

L& FEAH 7

1% 87.569 89.948 88.743 86.451 90.38 88.372
109 89.235 94.428 91.758 89.356 93.58 91.419
o B ¢
25% 91.716 93.149 92.427 95.784 91.652 93.672
100% 96.565 96.332 96.448 96.158 96.819 96.487
1% 58.056 69.571 63.294 58.765 68.409 63.221
. 10% 73.561 65.464 69.276 68.476 68.901 68.688
Bt 25% 73.215 69.383 71.248 72.472 70.68 71.565
100% 75.838 81.345 78.495 77.203 81.675 79.376
1% 64.975 86.283 74.128 64.829 88.68 74.902
o . 10% 88.832 90.029 89.426 89.348 91.085 90.208
eI
25% 89.252 94.533 91.817 90.032 93.904 91.927
100% 92.537 98.691 95.515 93.687 97.691 95.647
1% 57.642 83.353 68.153 57.581 85.755 68.899
‘ o 10% 68.008 90.054 77.494 69.707 89.034 78.194
B e -FH AL
25% 74.046 93.241 82.542 82.058 92.414 86.929
100% 91.672 96.899 94.213 95.559 95.844 95.701

T A TAET O, ks PR B L O ReE T I AR B .

SEAER 2 R BT AL, A O il 2R AN Tk R e B X Bl — (S SRS, TEUIZREE
AEDHIEDT, FRATHEH 1) ResGAN #E RS H A KRR A T, 1 bl & FEASECE (138,
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Pulsar Candidate Classification Based on Sample Simulation
and ResGAN

LI Jiaxue!, LIMinghui!, LU Jiguang?, JIANG Peng?, LI Qingyun'

(1. State Key Laboratory of Public Big Data, Guizhou University, Guiyang 550025, China; 2. National Astronomical Observatories, Chinese
Academy of Sciences, Beijing 100101, China)

Abstract: In the process of pulsar survey observations, considering the constraints of telescopic sen-
sitivity, gravitational perturbations from celestial bodies, and the intrinsically faint radiation emitted
by pulsars, the number of detected pulsars in globular clusters represents only a fraction of their actual
population. To address the limited number of detected pulsars, this paper proposes a data augmenta-
tion method based on the observational characteristics of the Five-hundred-meter Aperture Spherical
Radio Telescope (FAST). This method simulates the background noise and radio frequency interfer-
ence of the FAST system, along with multimodal information including pulse profiles, frequency-
phase, time-phase, and dispersion measure curve, to generate a substantial number of new pulsar can-
didate samples. By integrating these samples with same openly available data, we have constructed a
comprehensive dataset for pulsar classification, which offers improved sample support for the train-
ing of subsequent deep learning models. For the classification model architecture, we developed
ResGAN, an innovative framework that combines the strengths of semi-supervised generative adver-
sarial networks with the ResNet-50. In comparison to the baseline model (SGAN), ResGAN exhibits
superior classification performance on the comprehensive dataset, achieving a 0.9 percentage point

improvement in accuracy and a 1.7 percentage point enhancement in the F1 score.

Key words: FAST; pulsar candidates; simulation; dataset; semi-supervised generative adversarial

network
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