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EATIIRE. & NE . BRAENESEHATIR N B 5 VMR, A RO T, L B|H
FIREIIRR
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RSN T, e Zpa C R (33, FARRAELS 5 X BRI ES K i 722 AT 20 B, PRk AE Bt
IThRNSE o LR LR AT 5L P B o A 2 B, BRSO R B RN T,
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Y HTE 21 & PR S R B, LA T- P05 A2 75 22 5 W 15008 1Y) o X 265 B .
PV 2% BT R R R T A RR e I L, 8418 B B R AN TSR s dn SR g R
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IR A KA — GEe R B 07 1R A de AR AR s A7 R 77 ko 90 an, R FH 52 DRUUTE T SR X 8
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FIE AT, & BEETE B IEIEA Wb . Oy 7T DR A T B o, 7 A
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B, SRIMT, AT DR BodiE oo B SR R 0 it e BEHE . RA% . RE SRS, N 7T
THF I 51 T3BARMARIR, PAEAT AP SO0, [ B b At oo s UM Es /A 40— i
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SRR V) v AT S R TT . f045 € AR (R] B N AFAE I D 3 5 CLRN IR W 78 D 3R 1) e it oy A
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A 53 W20 i F RN 5 e 7 AR FH IR

AR, I SRR D BRI A = B A AR T, XU iESE AL Chirp {5
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(3) WA [ 1 o Ty 2 0 B A J SR IDURE L 46
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] R A S0 TSR M5 5, AR IEAEAR R B LA 31 R 3 R S e, B
FRCTE IS A0SR P R AR o 0 S E L TS [ M358 0 22 AN ST B 51 7 R 58 2 1R AT S B4 BT S
YU 5 AR SR 2E A5 T (AR 2 BT, RN K0 5| R T B O R 20 o T 26
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FRYERF 45 22 501 i
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FEB U SR TE h, A B 00t S IS5 RO RAE FAN U IS 22 A0, A3 R B
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A VAR ST AR — AN GBS HH RS 1 51 7S I R R B S (¢) AR

TR R i, FATESA IR 5] 7% R L (WRAEAERE) BB CAIRER S(t). TR
RAVER G LTS MR, — BREEIE, RATFEIA LR, A TFRIX L 5 HUE BB 5] I7i
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SRANFT IR, o 25 A 3 T R DA 37 R P A SR £ 5 gk 7 MM AR T I AT o

T LU, DU R 74505 ] 3 B BE A7 . SEBR b — AR T8 AR T 3% b 3543 Fry s 1]
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B RIBE N SGE: TR A4 e I a), Seik % Sy(t) LN E _EmAe r J5 15 %
Sy(t) AHAE, FAIZ BEN RIS [V Hl [—oo, 0o] WATABACRMEIE, BHEIITEZ G, FHE
BRI PTAFRBINAE . X T AR 7 (E, KLEFRRZAAR, Bt r [EHRL TR,
B Sy * Sy(7) AMMAEIS IH] 7 ()R %, FATIFREL IS [R] R Sy (t) AT So(t) AR PR, SKAF
HAHREKEL Sy * So(r) HILREM N EL Sy (¢) M So(t) BRI EARIZE . HAHKMR R
BRE S () AN Sy (2) HAERIRRESE R .

2 S1(t) AN Sy(t) AR —Ae&E S(e) i, FATE e BEHKIEHRECN:

S*Sﬁﬁé[wS@S@+TMt. 2)

S+ S(7) W E KL S(t) 0 EAI R EL, B ARG R B T I TA] R R P A AR 2 T8
FE B ARANR] R 18] 4 2 I 2R 208 SRR FE AT 3K B4R, eR A E S I A B RS, B
=0, EMEMKEE S« S(r) ARKME. HiZRKES(t) £ DAL, WEZA
JESA E A OGO 2 AN KB . S+ S(7) HITERESE HBREL S(¢) BERT AL PR .

PUAE [ B R 3 8. WRATESLIERCY S(t), EREATE FRNE 5. BONIRN &
EARAT I AL SR V (8), AT Z 18] A AR 5% B AOA -

V>|<S(t):/_oo V(r)-St+r)dr . (3)

SR, FRATEER A A AT RE AR 80 S T B E) 7 SRAR
BUCESRATIZ5 8 — AN TR A (Rt 8] Py 7, RIDERIIN 25 Pt A el 0S5 5 B S5 iE A (B AT
FSAR TR AR G A 5 ) . BOREBR R E0 S(t), MR B O 51 MR 884 5 5 8-

V({t) = aS(t—ty) . (4)

IRBAS, HBAR S(¢) SHRINE 4 N AR V(E) = aS(t — to) HIFFERT, BAHX
Y )
VxS(t) = / aS?(t +7)dT . (5)

SR R T 2 58 T B I B i SRAEROGS v 1 S HE A5 5 O TR) B, R BE A5 5t
TMEER L, BV (t) =0, WEAMARKBRE R NE. BTHROTRN S SR A AR,
WA AR R R BB I A LA N, HEMREE V(L) « S(t) =& 55—/ I 8 7 51 B
Ho QSRR T a0 ) AR A LA v A

Pv) = exp(—v?/20%) | (6)

1
V2ro?
M2 RERBAE T, V() «St) Mamt2siin. mREIMNE%Fiz, ma—>e
RIS S, ORI 28 i sk 5 BB TCC AR AT, X V(8) * S(¢) A — M Krm” .
TEV() *St) METEY, &2 V%7 b FHE 78 1% AN EE 2 46, AR —ANXFE
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f1F] Outlier #Z —MEEMRIERE T, BOSIER LA SERK, HA KA REZ H = 5
B B A S
XF T4 € AR S(t), FATAT LT g SN

N*=\/{(V=5(1))2) . (7)

M SRR R A RAE BT ARAE, A2 V(2) * S(t) BETT BRI .
HATH 2 RosEARERZ] ¢ HBLAME S e, B HIUAr i R v (t) B AR R
AR

SE=|VxS@t) . (8)
{EMELLSN R J& {5 SAFAER [ S (85 e/ A/ (1 N2 Z LE-F AR :
SNR = /S2/N? . 9)

EMeLESNR 45 T EERI AR A5, b B0 A e 7 o HAb S S5 i Bl T Re i,
S, SNR 43 T TEERI A8 F4 H A B0 e 7 LA LA AE S el REME £ K. SNR &
K, A HAE S T REME K. a2 UL, KN SN R EIRW, 161%4 H i 8] 7 571 66
b, (AW DIANAARTE: B RERERINN 5 hiES, el TiEs.

FRVHERB, MRS RS SR ORI vk —, AT M BRI SV (¢)
AN B SL IS SR 2 (M ST HA S BR . RN, FRATEM A 5t M 22 Pl e YR 24 1A
ol S B R R T AS (K T LAIE ™, 2 A R 7 R < P 7 N, AR v B
FERERE: AR AR R B, RIS A, (HEEAR VAL AR A AT
SR TN E R AR B4 AR 2 TR () B 5% R K. FRAT TR AR R T O i R B
ARFR IR B2 AT, TR R B A SR I 8 1 A AR SR AE A L, AR PR 7 B B )
R, TR PORRR , AT BEAR SIS, B T B K )

DUHC 38 i #8525 J1 R AT P ohab o KM TR —, EREHIFSENEIEGES
HiZ b KRRV A R A —Fh T H R . Eedn, AR RN SE [ A 1 5 PSRRI 51 9% )
Wi E——SPIIR™, mh & VLA RS 8 Fl 2 —. TR VR, TS 5 SRR
TR, IR —AME 5 FH S —MEAR B A s, 3 U I 2 145 5 AN 58 4 A2 e
PRI REYE LR R, T ELA T AR SRR BT ORI 51 s S . ki, A2 AMER SE S
BEATAHMETE S, DG B ZAE 5 R AR e 5] J1 ik s el gt 2 K.

TE O T ACGHAT 51 TR, W s — AN 5 AR ) J2 B ) . DCRC I8 B 28T —
AN EE A BT BT TR S 5 0] LARIR N Al 5] F7 A5 5 R0 BE AL R 1 A,
TEF- AU S 5 5 4 8 B AR MR T A B A S, AT RE R B — MR LIS e L,
TR IR A T I i Y R AN R S Bk, UG B xt
FlE AT I 8 — DAV IR
3.4 E4EHIR

FIHATNIE, ATER BRG] F1ik . AR ES R AR M el e, 51 7
SRR AEE TSI AR KON TR RO T SR a8 b, AR A A
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RERTHEAK T2 —8E /N, SR, M H BSOS T A R R ACE 73 2 8 R 280k
F, AEH A T RS I R W B R I B 5] %o (E XA R 1 SR
P U, B I B i A — 5 SR 0 SRR I T TR B L O T U
YRR B S T| I F  R EARR  SXR U, TERR B SR K 2 MO R T8 1
P IR T A TR B s (R ) B B A R A B A, ST b R R A X
k6] B AR TP R R BN “2E487 . B TIPS EI K £, 16 IR NBEAT B0 4 0T
B, AHEEAT “T o d. @i T B3 7T AR 4 K 8 “ 254, (EREIT B 4
I 5 48 KB F I (B R 20V, ] S S B0 4 W AR R 5 R 75 S B T 90 2 A 19
(¥ “veto study”, HIEA IR 3 I 0T EOL T BAX S B AL & 0] E B PR B A5 5 (T4
BT FAER BB IE 1) WIAHT, A S A I ) B LR 7550 % e - e 2
U7 S T X2 S T 1) b 31 398 5 3 e ) T S A e o SR AN ) BEAX S AR
Bl RS e T R A B, A I B (] BSRAR B K 5] R S S AR . A
R, BT S S TS, H A KR A 7 o R E R S O B, A B T L
B 00 77 2 B I R SC S A R A AR, SR 4 M TS e A R G A
575 AT BT L IE (5] 738 e A 22 F B o DRI, 3 SR T 28 I A2 4 S R B 90 A 5 e
B2 AR X TAE KLUk — B — BRI 5 2

M TABVEORE R R Z . SR WAETE, ENZIMRXRESR, TR
FEAR K. VEAH A 2005 S0 2% S0k [25-34] .

5 R U R R, — S TGS 00 i, LSRR ST M 5t P B3
AR AT o AR SCIIE B T REMLARAREE™ L N TR g™ " AN S He g L
SRR RIS 2 ST, SR 51 RO T T R, o 5] O T b A B S
BEAT AR 2. 122 LA bk =R LSS 5% o) SR TE T LR L LB B S M
S0 33X S B S AR B 7 7 AR 4 BT AT A TR 5 U S B R 7 A (P R
Frf R R TR . TR IR AT, X H ARSI A2

N A0 20 P00 £ ML 35 25 =1 5% £ B ABL SR YT R 400 288 K o 50808 &b B R ) e L, —
CLBE B 28 T AT HRRAE , BEAT 20 A7 S IFAT 15 BAC BRI VRO R . BEHLAR MR T 2
DOk I B SRS 23 KT i, B —ANMEE T AR B4 88, i ST A PSR
(BRI BISRUE) FERT G AT L2 B 1P, TR S B DL SE B 2 R IbRAE,
T A A0 2510 B A IR, R [0, 1) Z I/ TR AR 0 2845 RINBE M. %
i ML (support vector machine) e i1 5 i THT 93 A 5 35 58 4 R IR ) S —Fh L 32 =1 1 —
Sy HRITER: TEREAR A B, TR AT, A A5 AN T T A B K T RE AT BT 2RI Rk AR 4y
KBTI X AP I GRME TR 25, 402 i Uk A B 4 7 — A RE S 74 7E 1% P T 4
B FRIR A T2 )b P B T T 1 T ) 34 B A W e PR SR A — A BRI R 552 1 R

BARIX SR IS S0 7 18 T, (B R 2RI G, EAE S| FI e e
Sy TR 43 25 LT SR B B S B A A XA SRR 2 8, S RIRAT, HLEEE STy
FERLF h B REIA B R, R KRR b vE THUR R, 5 AR AMF 7 2% 2 A KK,
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3.5 THEDHE

A Sy A —Fh 7, TR RE S 75 T TS i I T (0 A U BE A B TS S, X
TEAAY S5 AW o 1207 V5 1 T B 7 IR 13 ) - T B O St 2 S U A, S
R A R 4 R 2 /N, AN B N A G S BOE N R B, B G S
FAIEZS A IS BME AN )y 2250 375 o AR 28 SR R (LLSPRME AN T 2238 5%) 221K
I 06T o R 5, SR S A I ] 5 B A — 3 L R R IS 40 AR B, EL7E & T3
AE G AR —, HGih S5 g rom ™, AT DOk . X
I AR AE BRI T — ORI LI R G FIZR IR ) £, SR/ Gii 23 B 5 LR ds R &
TR S Sl IS & o

— BB R RN 7 2 B8R NI 2 05, ABARI . 5 5 2 DL B /N2
WEAETE — i,%&ﬁAmﬁﬁ$W RIS, 3Pl g I DAAE S 4% 1 B AR T 38 sk
TFRFEr AT, ELE T (AT S S (B /N A0 R P BT 1) 220 P8 i e DA % S et
MME%,MW%%$WME%TO
3.6 BASHETFEAR

B 5 AT HORTE 31 18 247 oh A ORI RE 007 451 0 By A A
3.6.1 #x FhHlayAEMN

4 AR B I R OR HEAT SRR I B 55 40, P 51 045 5 iR B O = R A R 1
G, AR BER B T AR R R ) = AN B8 6 A SR AT I &, 25 U — S I B S 5 1R
BT R IRE R, A AME SR T AR AT B VR (AN TR T A B
W, SR R B0 . MR ELIE RS B BAHER, FB A X S AR B S A — B
TN o B AT 2 00 B8 o R B (A3 5 (R 1R /IN S5 4R I 58 11 o7 58 R0 51 13 e v
(AR 6 R 55), T H B B2 M E AR L. AR 0, 76 = AN b
BB J1BAE SRR T F A5, RASEAUN A — SRR T Do MIX— SET LAHE . A
MR A SR AT, FTLL, MR E R 28 AR 43 S R A T L A A
HIRR T % B AR A RIS BANGE A — Bk, T4 5% T LA %4 1 51 7 i 1T A A2 M 75 Gy ]
RetEE .

BB BT KL Wave Burst & 528 (138 T A 803 T F Geit ™ 1l 7R
Gy BT SRS S ISR 2T

LA 7RI 2845 5 2 18] i SR I P T A e 7 A A B 52 R B1 s S ok Ui R &
KB, A

ti=ta+L/c (10)

Horr ¢ A1ty RIS HICTKIN ], L = |(21 — x2) - n| RN Z W RHREIEE, n 2
SIS TT 18], FATTAT DL SR G35 5 Z [ SRt Y

T/2 T/2
/ / dt2S1(t1)Q(t1 — t2)Sa(t2) (11)

T/2 T/2

XH Sy (t) A Sy(t) 73 ARG R T (BNAR), Q RidiEds. ERXA T ESRIH K
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RALRA TR IS S B Y IR0 S /M b, O T PR B Q(t), AT LA
1B 3| 7 P ARS8 (e P R A I, B R T o A T, ELAR IR AR 58 2 1) A AR 6
3.6.2 HRFEHIREE R

I F B 4 0 8 R R A B 7 WA 2 T AN M T SR P o A T SE T P A 4 R B
FIHRIN P RS2 B B2 — [0 8] R SC & o SR Uk, A% AR A 1 2% 1 43
B, T AR 15 5 B B R 22 28 AT R B A 4B 7 I (045 . s B e
(AT 2 ) B3k 5 SR M = B BT e

T AT 8 B R P R 3125 2 f 45 W Sk T
B 7R A B L BN S 2 T () A b it i At
SRR IR, AT T AR A A AN B A
B A AR Atgg. MIXAE X EPE, I A
() S I B A R A, B, AN BRI
KL, L IR T B VR 58 A B A R 58 2 1]
(IR IR 2, G SRS BRI R 2 13, FRATTT LAYE A
e — A, W5 Frs.

P TR R TR, FEAE TR 22, A1 A
B RIE AR — AR, TR dO 11— KR . ’ "
IR, SRR G I B 2 (iR gy B S ASMUBIUEIRKAE
DL /INBE LR 22, RS B 15 B8 VB T R A MR 25 DAV /S B G0 2 ) T BLAE AG KRR/, AT
R E AR

B FIUAS B XA IRIR P I o IXASHEIRFRARAR — A 5 G5 o 1 2% AT 10 25 P 25
SRS . RGNS T SRS 2 RSN K, W 6 Fis. Edh D AR
9o PR RS . & AL TR AL AR 0, 0 = cos™ cAt/D.

L AR T 98 R 8 4 3 9 AN 7 PRI TR] 22, AN 7 F e D 22 T DA A 2 ookl s A
SELLHPIRER, XA 7 L AR R 128 XAE A2 P B “Hh T, Wl 7 fis. 3l s
MK RN T i — A PR H B o R S AN 58 K 4 A = AR A2,
JEUATE A2 3 51 7 I B s BLAE— A “Hh T .

E6 MAUHERE 0 H7 BAEENEREnETzERrEs”
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WAV S T — B BRG] PRI, P A ERI 2% B[] 73 3258 0.1 ms, PRI JE
2 (AR BN RN 6 x 103 km (FH 4 THUEKEAR), 04, IR A7 B T LA i e 21
K (5 mrad)? o XA YA A E AR
3.7 WIESMRKE

TEWOCT AT JT BRI ERABAT I, 7 A= R Hah 2 YRR A W 7 N AF A e 4 Ao« L
B2, FiEa “ TR @F £ — Bl —HR R “RKE”, B DRe2 A EdE, 4
IEROE E T EZd G SINEA

FRAE e 75 S AL BT BCR AN R BE R, HE 2 i K 2 70 M AE R I AT B 4R (iR K
PRI Mg LIGO FRIMCIRS B eI LIGO m— MU EH, X ERE KRN r5] 71
BRI TR FOR I 1000 £5, LU, 4 Advanced LIGO ig17hf, HELMEZBZH
B 3 N\ B A R R A R AT AR . PRUE BRI AR DL N RIS RE IR . S AhiE AT,
52 LIGO 48 73 i1 R 40 75 BN i e R B 2 1 j. i KR IEAE S5 i ) S A 2 A1
ACEARE AT K e AL BRI BE, A8 Re 08 A T SC IS (R 7R SR B8 20 i, TAESEAT B 46 40 HT N T
FESH R, THEEERARE BN, FONBOCT OO ES: R, HiiEiE X%, 8k
VIR AW e, AN S PR AL, 2 “HERR WL, PRARERIIN AR I TAR AR, fiseidEn
TR R4 R B RAEAN R, I8 KT B ]

3.7.1 HIEEH/ATRAKERE EXRIIESHT

TE G JIBEAE A, UK ER” 72 K 51 JTIE A 7 At 5 b A 72 % 22 AT Ak B A
I 5] R . MR A RS, B N LIGO SRl himth 5, fFfEad 247, it
HRAN B J P R, X — R S S A K R AR AL fETHE LR R, LIGO
PIEAR AL B R S 2 AR BRI A IS AT AL N SR E W, Bk, 7E LIGO #d ab 3 4 4
e b, BTN G B AR T AR AR 3] 1 A A I A B R A SR SO T P8 A 51 77 R 4 H
MBI AT R FEACBE, X R IE s 1 51 J 1B 53 B R OR KB B B e AT “RKER .

GStreamer A& — K IR I1) 2 G R A BEILREBEAR 1, B AT 1999 4, BIHATCAIE, &
B4R 2 8 Linux KAT A F R SCHE R R 2 AR AT R G118 1T - (B9 'S |, GStreamer
ML T —MNEERG, AT R E VT LLEh A B0 T A HULE & T8 T s IAE B b BEER T (N
BTG, ik PE R TN R T ), e R R TR N B AT SR AR B, AR 5 S T L R
o XK, BdREIK—FE, 7 GStreamer FIIKE: EIaNEK T .

1E N GStreamer it 20 AL BEECHE FIFEE S LIGO FR I 2% £ P 4b BE AR Y (1) A0 0L 1,
GStreamer #% LIGO A AEWFFL 4 19— 70 0 58 N L 1 2 A 3 4 Ak I B b A 2, 7
GStreamer HJFEA F, 233 LIGO AAEWF A RIILFIES 7, WAL BT &K 1151 71
AR M TP B LAL Suite 5 GStreamer #A 4K, FFRIFMEE T —EH1. £
T8I HBAE S B E B RKG I RE, X— R E 2 WA E LIGO &1EH A 15 2
Iz R GstLAL itk 4. GstLAL 22 % [ 151 JJ ik s ab 2 & S e ), A 17 EZ)E,
AfF FEN D3 AT DLAS R 2 B A5 () Rt A, T S v T B A 3 R AR B FVRR R 1 A 3 )
A, MR = TR .
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BRI K 2R 10 S A R RO AL FE LIGO SR IR 7 rI RS . EEIR AL, R
SEAT (B K TR BT LS AN M 58 BB AR B TR, B84 Bl I ORI A 5 R LA SN Ak
TR B 5 AR BT UL “HELR AT, TELR BT R SEBRBT AT o B E K . i, 2
I 5000 b R 0 5 SR T i 4 4t G TE /E R AR O BRI R IR R, IXRERR TT LA SR I B ) i
RN 23 55 0 77 L HEAT S ABIE s X TS5 Y O\ B3 B30 e S e 1) = 6 22 A 40 8 0 s
T2, SEI SR A B 2k ERFE B

FEIUAE SR 5 T 58 RS 4800 2 — TBUAR 24 LA BRRME O T AE « 2 %% . Advanced LIGOST
72 R R R R A SO AL TR, TN R G R R R SRR A B RE F7. R,
T I (BB S R AR, G, 7R R T T AT 2 (AL A D S
ROBE SR TR, SERRAOTRIE T, OB AN Bk B e, TR — IR, T
SCEYE, SEIRRHE AT LIGO HRU%8 3 kb 30 58 2 16 BT 28 5 AT 18] 22 2 AN W 8k 4 1,
FRATTIISS 7 X BRI A B AR O A B K 2% L

FEHEATACAER 51 7 SR A O A BT, DCRCE 3628 (matched filtering) 3R DIz A
£ GStLAL $UERKZ& T, BR1E LIGO R E IS4 2 B0 WUR IE& /N IHESD T 578
. 3X—J7VEHISERIE Wiener S fRUEDE, JHeHE A% BB R 22 5 T 1) WUE We 5ok T AR A1 5] 77
VAR U B AT ST, 42 R AN 28 1 52 Mg 7 i 25 o A7 AR ™ o R T R T B, X
ST ist LI 6 2 T AT 4 A 38 3o A AR B T SR AT 1. EIZR LIGO #4285
PR B — AN RIS, X RO S R 4 N BB, B B
RN 3 WA T R R/ o SR BE 3k, 9 T R B SN SRR AN B B
RAE — 1 F K BT o5 165 1) P9 52 Tk o B30 2 0, DTS i PR (0 e/ N B IR (S 5
I35 FR N 28 305 5 R B R 1)) 5 B KRR R /N B E LE
3.7.2 GPU @ AHHEHK A

1035 —ARBOET BB AR M 22 40 Advanced LIGOH, TR 54 % M 40 Hz
BARE] T 10 Hz, KOHEE T80 5088, T 803 XUR I B2 R 10 51 7 U S 4 K3 49 % 2B
FERHAX I BRIk, 76 Advanced LIGO bl T-VUHC I yE 0 T4 2 3 e w) 9% LIGO _E A
FRAD L, X R B B K B S K, R UINAE IR K. X R, X — by
R AN A3 SR (GW trigger) FTFH I IR EK: . Zdix— 38R, 545
% (GRB) H/HEBEI R R RE S LT C 2 5 E RIS 5, % T X Fh 34 7l g
1 R ME S AR o

AT BB AR, Hooper 25 A" T —ANBIIISEE, BIRAT & R b
Wi %7 8 % B35 (SPIIR), %0 8 — /M3 S — Rk AR 7 ok Ak 45 U5 5, BRI
BRI AR . [F— R AR R 5 2 1) 72 VA A B 4. Tl o R A i
T b5 AR T AN, TR A L BB AME S, B, X v
HUHEAT KR I A7 RO BE A S22 — Fh RS SR S AR 705 7 LUE RO RRUKR e, CPU JL
TR ME— T R, BEEIEAER GPU 8T 24, Chung A UGRE 1 8 5075 3543
BAEE GPU ™, BUE T8I 8OR . 76 GPU N 7if, 4 K% 5 PR Tk
SOFRE T A4E, X SPIIR HE#HT T HIM GPU MBHE 5004k T/E, 8251 SPIIR HikH &
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FEATEE, CARIR FE A B0 5 b g ot A R4 itk 4B . 31 2012 4EJiE, SPIIR 7E AL
F{# ] NVIDIA GTX480 &k, 5 Intel Core i7 920 FiztEAEXTEL, T3R8 T 58 5N
H. F) 2015 454, Gt iE— BRI SPIIR GPU S3E7E bl 118 NVIDIA GTX980
2+, 5 Intel Core i7 3770 HAZAHLL, TRM T2 124 FMELL. GPU @ EHA
A I AR K AR =y 7 v LR B YT A5 ] 0 s Ab B ) e

TERR LK R A 28R R, B DL T AP A, 45— N300 A 3 B e AR A — Ao
R, LRGSR TS A X T R AR UK R AR TR LS, B
PEAE T UG KR — FEAE K i B>k 1. 78 GPU tH&EH, @A F CPU i N AFEA
Aefy GPU BELHHL, T2 S9N TR 7 E B e NN A& 2 GPU & H WA,
SRGHHAT IR, &aETHE R EdE N GPU sifeim s CPU . S8, GPU
5 CPU WEZ MR EIEEm b T FHEMH PCLE Rgkdtir, RIHESE L, XWARER
K5 GPU WM& &k T2 dkhil: —=&5 C PU iyNAEMILL, GPU H B BFI17fif 25 (8] ZAH
XG2S, KB SRR O W UK R BRI LR, DL el R S GPU 2 3RE 11 A7 %
TR, S RAEYE GstLal K K RefE4r CPU im N EFR 4T, Xl EkE Lt GPU 5k
TETCE Ja RPN BOE 7 Be s gl A FH 21, #6200k 25 FAL el CPU I, i3z D 5daim
FE T =AM REA T, 7R R, WA EAT AR RUK L R A A GPU AT 1
B, E— N RIEFERBIF — N Rm RS R, AN GPU 2| CPU R %
EEEEEE NN AT ERX—n 8, GstLAL 5 Gstreamer X347 TR A, HAI
Gstreamer 1.0 S REW RIS 3 GPU 84 f& %, 1 GstLAL I Gstreamer #7717 1.0
IR AT A TAE IEAESEAT 4. AT LATIUHA, 8 HHThiCAS Gstreamer () GstLAL 87K
GPU Mg & ot —201k 5] 71 B A P52 26 .
3.7.3 GPU #47 SPIIR j&# #9342

GPU 47 SPIIR JEH M4 FE Kl 8 fin, GPU HIHATHA F 24 AW )= Grid-
Block JZ#1 Block-Thread JZ, Grid-Block JZ X} [a] 8 iE 47 ¥ L %Il 4, Block-Thread JZ7EAH
LRI 43 O B At b RS AT AR R . B 8 A BB R T Block-Thread 2 HIAT 45X
SRR, W F—> SPIIR #id, 20E.—4 GPU Block K #E4T'EH TIR 5. J@% ki, —
N GPU HAEH A RALEEDS, £ GPU H, —/> Block & —/MEANIHERIG, BRI
GPU LAt 28 H E AT« B4 Block AT LA N2 A Warp, —A> Warp H 32 M4k
R, LFEE GPU HREAPATHEIC. /£K 8 H, —4 Block #4145 NZ A~ Group, f—
A Group H IR FTE T H G, i —ANFEPHERE, BitEERFY R GPU 1 —4> Block
o R E N, B 2 AR ATIN A ERAE, RABENTES R SNR (L), 175
Grid-Block JZ1f, GPU & Int a8 ] SLFRIVE RN, SZFE R K/NE Block 20 H . 1X
FE Block %1 H 3 LL Block [/ (Block FIZEFEEH) st/ GPU Ashf T 2%, hit
ATLVE B, fEIEE T GPU 7] LLUS 3T LT MR RE AT KB AT, 2498, GPU
H X 2 I R AR A [RII TF AR AT 1, T A e i 2 4% DL Warp 9 57 0 26 FE 1 B AT -
A Warp AL E I ZI B2 CRAE D A 0 — 20, X2 1R 2 R0 SRS OB AF JEfitt . 75 L
ERMAZ, GPU 225 CPU 2 BAR AR —2, (H2 eIt a5 #6 E AR X
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Al GPU XA ST Fl o BC, BILRE— DR ORE A AL B R, X4 GPU EXT
LeREHEAT DI O A TR BORAE B OC, SE A UIHOT ;1 CPU RO BRI 2 B A
ARV TF AR RV AR5 R

C Initialization ) One SPIIR Template

)\

ﬁl Input New Data |

Parallel Data Processing

in All Templates =
\|/ Group 0

Group M-1

| Output SNR and 21 I

M-1

8k

& 8 GPU #1T SPIIR BIiZi2E

¥ GPU 5 GstLAL /K& EE SR, WKRIRTE 1 51 1k Hu A B 2, ysemt kb
55 T ACEOE TS BRI 2 (W1 Advanced LIGO) HI##E42 4L 7 I g, HAT, SPIIR
AT SRR A FF 2 10 s.

3.8 2 Wi

FE 5 2T BRI T, EARFE VT I Y8 38 50T BUEAS 5 S5 AR AR DT C IS 7445 H K g
L, AHAE, TRINES ) “ 2248 (glitch)” WS o fil A JE RS, 45 RBIM . “ 2257 ke
PR — s A —FE, BT SR — S ATLE. 88 X Rl R AEE BB S 51Em, &
TR AR -

X° GRS SR T — S B L B S A T B BRI R G v e B e i e i
JES I H R B S S R AR DT T I B AR (0 A — 3. i 2 1, il x2 ke ie st
T\ GuitHE, DU “fidk” 55 5 IEBEE SR SRR .

X2 Guit B i) B AR AR R AT IRAME FH 1) SRS SEARHT 51 DRI B AR R p AT
() HLAS [ () A8 s - AR R 2L — N A R, A BB IR 88 TARLEAS A 1) A2 Aty
W, XA F IR AR 45 o p MR W TEA RSN FRIE, BATHE SdE—
M AR IS, NGB B XL T JERR R RO S 8 i, X p AN TR AR ik
¥ p N PIFERERT 8] ¢, 1X p NASFEIFIFERERTTA] ¢ 5 08 REANJIST 1R 7 S0 2% 1) B o A
Kb JEEEIX p MNHEAER R NFE—AME.

(1) A X [ (&l o

TESI FT AR AT, x® RS0 1) AR Al F RN #5755 (1 AR R R A e 2 AN (i p
AN) TR, IF HAC SR 3 2 A TR, AT SR 23 0 78 5 6 J8L PR - A% [ B o
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TR G BRI p A TFHAREL j RAFE, j =1, 2, -+, po SIS SR 523
TN R UL Bl B AT R, W70 — LRI S e 2 (1), AU (1) T DA
HAT X2 GEHRR TR — RIS R

T BG4 R B 2 2 A0, TR IR0 KN I B0 R F 4 54T 43
IR IR R 2 (1) POBVR A S S0 2(¢) OTTIR IS, B

() =27 (12
U ar oy gan ar X B U HE G 1 5 (55, R — 4
= T TR 9 i, WL, 7S B R

N UM X R AS T 7E PR R R Ay
9 fEp =458, —HAMAFGFIHREX X )52 3

e e [39] we

R e (2) x2 Gil-E s

T S T A, FRAEHE S 2 Gii P MO 2, R e S, DLA
3SR L T

ZE/QQQ%”W=(Q®. (13)
R AR — B, AR RS, ST BLS M, p AR T M I R Tk

2 A p
B (14)

=1

ey
5=(0,9); . (15)
s BARAER, Fl 1 E,
1

(z;) =0, (23)= P (16)

%E%ﬁﬁ%¢%%%é%%wﬁ%%Wﬁ%%?ﬁ%@@AﬁWﬁ%%%%w%?
%ZE?%%BWW%%%%;EﬁgmﬁﬁwZEW%A%%:

z

XEMEEILA p A, YT S EATRANE .
> Az=0 . (18)
j=1

15 L, AT E B XA 2 A E 2 %

(z) =0 . (19)
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MR
(z) =0 =0 (20)

FATIT LG R Az ~FJ7 B IAE

(Az)?) = <<z] - ;>2> = (2)+ <;Z> - 2<ij> _ ; (1 _ ;) . (21)

WAL LS E p MESE, wf UG (EHE S x? NE — S H0 3 K e it &

p
X° =X (215 22, ooy 2p) :pZ(Azj)z . (22)
j=1

(3) X I A — B 55 5 B PO
a. X HUMIRSE
ﬁﬁ&ﬁ«Aw%:;<L;J,ﬁﬁﬂu%%ﬁx2%%%ﬁ:

) = <p§;(ﬁzj)2> =p<zp:(Azj)2> =p( '; <1 - ;)) =p—1. (23

Jj=1

b. x? B LA B AL
TEAN e/ B e A S B T, 2 SRR LMK, BHE N -1
(I X2 < x2 LN
L[S w8 (p/2—1/2-33/2)
Rﬁqﬂ‘l o1 Tor-12) (24)
v e AT R fERI s K = fs e HEA S Ao, 2 BRI 2 A
BN, B

() =p—1 . (25)
X REIRA 2 S A TE
(O = A2 =2 -1) . (26)
&ﬁ%%,&m%%EBWW?—l— %p—DJF&+«@@fﬂ]Wﬁﬂ%ﬁom?ﬁZ
1] PR A 55 25
V20p-1) V2 @7
p—1  Yp—1

ERE p (RGN, A TR BEN K p 2 GFEIR R, ROVE IR B A 1)
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The Data Analysis in Gravitational Wave Detection

WANG Xiao-ge!, ERIC Lebigot!, DU Zhi-hui’, CAO Jun-wei’,
WANG Yun-yong?, ZHANG Fan?, CAI Yong-zhi?, LI Mu-zi?, ZHU Zong-hong?,
QIAN Jin®, YIN Cong®, WANG Jian-bo?, ZHAO Wen *, ZHANG Yang*,
DAVID Blair®, JU Li®, ZHAO Chun-nong®, WEN Lin-qing®

(1. Tsinghua University, Beijing 100084, China; 2. Department of Astronomy, Beijing Normal Univer-
sity, Beijing 100875, China; 3. Chinese Academy of Metrology, Beijing 1000183, China; 4. University of
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Abstract: Gravitational waves are an important prediction of general relativity, made in
1916 by Einstein. Yet, the deformation that they imprint on space has never been observed
directly. The first such observation should soon be made with pulsar timing arrays or large
laser interferometers, which are emphasized in this paper. The advanced interferometers
will be fully operational in a few years. We review many important data analysis techniques
used for these instruments.

In the same way as the exploration of the electromagnetic spectrum opened new win-

dows on the universe (radio waves, infrared, visible spectrum, ultraviolet, X-rays, gamma
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rays, etc.), the ability to sense gravitational waves will open a new kind of astronomy. In
fact, the shape of a gravitational wave encodes information about its physical origin, be it
the coalescence of two very dense objects (neutron stars and/or black holes), a supernova
explosion, or other phenomena.

Gravitational waves are very weak: the movement that the largest laser interferometers
(LIGO and Virgo) are designed to observe has an amplitude of only about 107! m, which
is measured as the relative variation (strain) of the length of arms that measure 3 to 4
kilometers. Achieving this requires a host of physical measurements that flow from sensors
to computers. These measurements are analyzed, displayed and stored through a complex
hardware and software system that are presented in this paper.

Such a high precision measurement requires extremely sensitive experimental and data
analysis techniques. The signal that continuously comes from a gravitational wave interfer-
ometer can be observed either as a function of time, or in the time-frequency domain, since
this representation is adapted to the oscillatory nature of the gravitational waves. Different
data analysis techniques are appropriate for each representation. For the time domain, we
thus discuss matched filtering techniques, which can find a small signal of known form buried
in noise. The time-frequency domain is presented in conjunction with techniques used for
detecting bursts of gravitational waves, and unwanted glitches in the interferometer signal.

Since multiple large gravitational wave interferometers are being made available, it is
natural to take advantage of their conjoint measurements: a gravitational wave should be
seen on all running detectors (with an amplitude that depends on their orientation), whereas
glitches in the interferometer signal should generally not happen at the same time in the
same way. This forms the basis of the coincidence and coherent data analysis methods
presented here. Other important computing techniques such as Monte-Carlo calculations
and 2 for detecting gravitational waves and estimating their parameters (direction of their

source, etc.) are also presented.

Key words: gravitational wave; laser; interferometer; data analysis
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