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Abstract: Compared with incoherent de-dispersion, coherent de-dispersion has the advantages of more

thorough dispersion elimination, and retaining the original phase information and the time resolution of the
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original data. However, it comes with challenges such as the massive computations and the longer data
processing time. In order to realize a coherent de-dispersion processing of baseband data and accelerate the data
processing, a pulsar data processing pipeline using DSPSR (the digital signal processing for pulsars) and GPU
(graphics processing unit) as the data processing core is developed. Firstly, through the high-speed shared
memory, the circular buffer is used to read the two-polarization baseband data. Combined with the
high-performance computing technologies based on the graphics processor, the DSPSR is used to perform
coherent de-dispersion, and folding process on the baseband data. Results from this pipeline show that compared
with the multi-threaded incoherent de-dispersion system, this data processing technology has advantages in data
processing speed and obtaining finer pulse profiles.

Key words: pulsar; coherent achromatic dispersion; digital signal processing for pulsars (DSPSR); graphics
processing unit (GPU); processing software for pulsar distributed acquisition and data analysis (PSRDADA)
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ik BAG eI A AR i T2 B PR (interstellar medium, ISM ) SRy~ 4GRS, F3
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WEHL, FOREBIE, JFREB IR TG B AAAIOCR . IR R, CAFEIERY, fE—anm
TARR 2Z P, T B AR R A T B
H i ik o B8 Lo R G0 B v Zm B 1 1R %1 (field programmable gate array, FPGA ) | KJE
AbFRZR (graphics processing unit, GPU ) | FIJALHELS ( central processing unit, CPU ) =#/4H i, FPGA
& FEZHTF ADC (analog to digital converter ) #5Hil] . EHE A2 w5 5 WAL, GPU 151 (B
DEEMSER, CPU I TR . IRIERI SIS, FPGA sk th 9 Seiy B nl Of B ik o 245
SIRARAE R, A5G AH T CURCEOR ] T R g I 18] 73 A DK ih B AR SRR PEBIE T, R T R 8 I TR A )
PHG HL 2 (fast radio burst, FRB) 8 5- LUK ik np B MG B PRIk s S8R A B B2 2 L, LI E FAST
500 m HLEHE" . WA Parkes 64 m BEHE" . 5[ 100 m 1% Effelsherg It B4 LMK N1
SN EREEb A DY USSR S S e o S B T s N R N I R S P TR SR e R E R4 S TE e N W
RIE#EH
] PN bk i R B A i R GE R S — R AT . T ERRABERNE RSB IKRFE 25 m S BT
Bifl VLBI ic5#%i MKSA FREt, JFRNKmEAH T @8O R EEmE, hERE B = m R SCE L
ROACH2 & fifikip B FE 5 0P ( digital pulsar signal processing for pulsars, DSPSR ) AR
AL FRAZ R A T ORI R S, T ERRERE R CH 65 m ST L LB ACAS bk v B B Ak 2o
( digital backend system, DIBAS) , [ B AT S5 AR T OB REY . ERLE B % K A T )
FAST FF & T 3T ROACH2 “F- & YAEAH TECT Ak o B2 2™, vh ERFEBE R R A2 rhuls 40 m 5 A BT
Bt HRT Bk B R SE M FPGA+GPU B4, AT Scai Ak AH 1 € i S A 30 G B Aol g™
Fx L, 32E NRAO ( National Radio Astronomy Observatory ) 7 GUPPI ( green bank ultimate pulsar processing
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instrument ) REMILRE E, WHRE A6 FHEREIE PR M YeiHEY VEGAS (versatile GBT astronomical
spectrometer ) , FEARZRSi ADC, ROACH £51 FPGA ¥4 5 GPU AbHAEREAIAL" . 18[E Effelsberg T H
YIEHE PSRIX JE 3R H] ROACH RISV 553, GPU AEREHATEARAL L™ . WKFIE Parkes 5 H B
# BPSR ( Berkeley Parkes Swinburne Recorder ) Jik 20524 R 50K H FPGA &l CPU+GPU 2244,
B A PR g >R FH R JR A4 PSRDADA ( processing software for pulsar distributed acquisition and data
analysis ) SEIEHESE X . DSPSR S PSR AH T4 @0 RFI Rb 3t

ZEE A RN b U R G K A, AT CPU+GPU B2ty , JF & —FhLL GPU 1 DSPSR
SRS A FEAZ o R RE T (0 BRSPS A B AR o ) P v i 5 D A7 s S O e sy A A A i R
A, SRS IO, PSR B RER AR P B 5 5 A0 AR 40, DSPSR 454 GPU M+,
ARIATAEB . HARAL SR LA PSRFITS %3770 o 17 1) FAST [kt B2 0L 28 G0 e Al A 111 € Fic sk 2
ok, IR AL PR TR FAST FEAlr i ik 55 v S L EAT Al B, S b iR e s 5 nl AT
N Ji B G LI AR I UK R LI R GE T R AR BEBOR 4

1 HBFEeRRE

okt B A5 5 14 € RO ok b B A T LR DB AE AR i R R, R T S2 B R PR B, AN R
LG AR 2 PR/ R AR R AN R, s i i e TR i B0k, SEARIEIR kb i RS N T
THIER E SN AR, e B s TEA T (B 3 A I OO Jeil s P B84 (FFT ) K
SAE S AR BN, SRS AN M T BB R AL (Chirp e HEATIH OB BE,  foe Z2id e i
HAE e (IFFT) 2B 5, HEATIT S5 Seb 3, SEBLRAS R B B4 5 3] 55 B — A
FRBRAY 5T R RIE A R B H (F, + ) BRRIA "

. 2nD
H(f0+f)=exp{+|mDMfz}, (1)

A (1), DNEPRNFEGEF &, D, (dispersion measure ) AEFRA O HE, HEA N
Dy = [, ndl, (2)

K (2)H, n Afekrie ERF 2 FRCEIE, d WS SR B eiE . 2P FEmi D

2

= ~4.15x10° (MHz)? -pct-cm® s . (3)
2mm,C
X (3) h, m o ME TR, HORZ ISM Kbk b 205 S AR v (F)
V(fo+f):V|SM(fo+f)Hil(fo‘*'f)T(f)’ (4)

X (4) H, Vigy NEZT ISM YK A5 SR AL e, T (F) S5m0t Hh s e a1 P R LA AR ) A
I%lﬁo

2 DSPSR+GPU ##EALIBEHE AR

Jok nh B2 AR A AR T R B AT O AR SGa T, M TR HIH RGE , R
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REFLZ T RE S 2R, B EUEAL B AR S MERETH I A9 A B, B (A 38 G BUbK i 2 28 3B ARS8
HFTRY S ASCH AR T R A R AR AN 1 s, RIS AR RN, BIPME A IX
(ringbuffer ) SEBFEAFEARAIRS , AAREEMA | BB, Bdlafmt 3 .

Ferr B M ringbuffer PSRFITS

»  Data buffer s f
i e N

»  Header buffer

header ({2

PSRDADA
BT A b B
B RGP BT B | header SUIFIFE ARIBZATIX, IEZATF Xl PSS AL Data buffer
F1 Header buffer, Data buffer F T /7 5 24 , Header buffer F FAEHOWINAE B DA K e B FA(E B .
IRJE DSPSR MIME ZAF IX BEUCAAF B A AR B, BEATAR T i, rd e gedb s, IR abs
SERAF TR

21 HERFEREAR

L NFRE Unix RSN —MERUR LR EE(E (inter-process communication, 1PC) 7z, £ZH
THAl—FE AN [ AR ] ) B AR . ERR T BT INAF AT UG L RS, AR TR DL, ek
B NTF) A BERE ] = A B BE 1 A 20 =

S YA b RS P R e e B s SR S N A0 T A R RS, I AR RO AR N PR A%, T
AR RG], P2 m B R Ao . T ny 3 A S By =0 B A AR AR TR A B T SYS V i)
HENFE . FET POSIX mmap SCHMUEIEZE NFZFNIET DMABUF HE4L, T B8 45 1) 3 TH A 2L =2 N A7
Sl

ok e 2 2 B TR T SR N ) 3 BRI T O S AL RO MER . FAST 19 %
SRBIHLAE 8 bits SRAE T S B Ei i 38 Ghit/s, PSRFITS #H it 3 040 Mbit/s (4 k il
50 ps, 8 bits) ", R ECHE P AL B AR AT SO B, L A i BB A R S, SRR
A B AL BRI AL

2.2 PSRDADA 4T

PSRDADA J&H Tk b B EAF ISk i IR AR H |, PR HER G H ) T BAIMIE A2 X (ringbuffer )
SEPUBRTRES o AT T OO SR TR e . SR, DUSEBL ringbuffer HURREUR S AL
SRS | PR EOE R R B S5 L BELE ringbuffer HP AL FRECHEY

7t PSRDADA 2%, FRIEZE DXl A — M8 ringbuffer W a] S28dE 191246 £ F1—1 48 ) a]
BoRAXMEIRE, MadiEfl, SR scslgg X 5 i A ff . 7£ PSRDADA [ B RS,
HRFAIEIFUE A X G, AR P A DX e SR DX, i b 2 e OB s X bR
ICRHEIERR, BCONHTR A F X H T S AR U, SRAS BB TR
23 KR ERFESLNEREFE

DSPSR J&— @I T8 10X G BT A5 5 AL BRER A, AT AR b 1] FH 22 A Ak 325 5 FH IR Ak

AT AT B ko B AT S A0, BER R EOEAEUE T R R, SZHF CPSR, FITS, Marks
L2 FREME X . DSPSR 38 AT SEER SRR ER AL S . UK B . AR RIS . ARSI | A%
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s BUEZEH DL PSRFITS A% 2 i, W] FT PSRCHIVE ZE4R {447 )5 Se 8 Ab #E
DSPSR @i B NAEX, 7] HHEM RAM Az lUbk o 2 50  JF 1T 454 GPU Ins stk ki 73+ ria 5,
PETHH RS BIR AL FEALR

2.4 GPU IRIEFLA

GPU REDE AL, ML A N A KR AR Z BT (arithmetic and logic unit, ALU) , &
L P AT R LR B A — s BRI 2 AL s . AL T CPU SRATER TN, THAEMIHAEL
Z, BN ZRIBAIE MR AR, GPU RIPAT R R, PIA s RITE s R AETT .

CUDA ( compute unified device architecture ) J& NVIDIA 2\ ] 4 H (%6 20 A 5 e, R
FIRE C 18 S B3 R A wFEE S, RIS EmIEREITATE S . A CUDA HEA7 9 nl R HIHT Y11
BRI GPU SRR RECEBEIR , AR 0 G AN BE B o AR KO, TR AR P 1ia 58
R

GPU 24822494045 thread, block Fl grid =N, W& 2 Win, GPU $ATHH5 AT I8 FH A e/ B
7N thread, %01 thread 2:E[FZH B —4> block, —~ block [ thread ZE] Al —ILZNE, FfFn] e oL
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IR FZAHE CUDA # . L2 NTE . T s . nasds, LU THATE A DR, SRS BZ N GPU
HIFAT I RE B
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P& . PSRFITS #5245 5 008, A BdEnd i Gl i g5 A 7 5L, 38 1 76 R ik a8 kR 17 AR
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ALPRZESL ) DSPSR DA PSRFITS A8 U0 . M2 S A B, i GPU X} DSPSR AYALHE AL B HEA T
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3.1 HUEALIEIRIE

TEARIE I AR, GO EAF SRS i O, 8. ME—PRIRAT (KEY) . IFF
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X HEE ARG R], ringbuffer AR /N i NAEER A/ NI AF SR SR R D . R IF it Fe e e S UL B &
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PEabHR AL IR AT -
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PUF KEY

@ HRFE L ME—RIRAT KEY' #HIFHUE ringbuffer, MLAT ringbuffer X VT 4 FI S #2)7#E17
vilal,
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© EFPEIEEH NG, BRFEIRIEIE A ringbuffer H R B SO KL MR/ B SE L
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create .
ringbuffer > openfile — ringbuffer DSPSR

POL 1 @
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data
stream
K3 Hedimise s
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A % e B N, 5 R P R SO BB . BRSSO/ IN AT S AR A, S B A A
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23| ringbuffer, ¥ header M B BHE 4355 A header buffer A1 data buffer H7, 4 H header X4 PN A 3|
Bt o SRJR 1] DSPSR MG AT S B ringbuffer ¥, HEATHITH @R, /rilid . Pr&ll X PSRFITS
A 2 tH AL B BB DSPSR iR S0 B K AL B g LA S b Je b BRER AAR B A H], X
Bt SO s AR BRI TR) AR A B BT R P T Dk 2 D5 SCIF Y Psreat BRPFAE AR,
K Tempo2 A NI Z WA FATIT S . S5 BT ringbuffer, 125 2 NAE X .
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CUDA Capability Major 6.1

HR, I 3.2 BB 7% PSR J0534+2200 F1 PSR J1939+2134 (14 2 S st S 7 i dit it
T EABUCEE, WHZER K 4 2K 7 s, [FIEXT PSR 1193942134 ey Bt 47 3- A 118 (Bl
RhER . ZESNE 8 ik . PSR J0534+2200 F1 PSR J1939+2134 253k A0 €2, o ab 35 (0 B U5 0t 1 4331


mailto:E5-2680@2.50

55 3 Y ZEphds . LT DSPSR F1 GPU A4 ik it AR 18 0 B B A B AR 211

7 16.677 Fl 1 270.176, 7] LAFIFH Tempo2 Fl PSRCHIVE X8k 7B 45558 T AR,

0.04 - .

I
= om R

0 0.2 0.4 0.6 0.8 1.0
Jok spARAL
4 PSR J0534+2200 FHF7H (BUik e Bl (oA 1250 MHz, 47 % 500 MHz, XUk )

1000
1100
< 1200
= o
F 500 3z
1.5]:—3\:
1300
1400
1500 0
0 0.2 0.4 0.6 0.8 1.0

ok A
€15 PSR J0534+2200 #i %

HE

ML 4 Ha] VM E £ PSR J0534+2200 kb6 B P 53 A BIAEFAEAL 0.3 1 0.7 BiF Y 3 ik
whFn PRk, AL 5 AH R —A A T RT AT B 285 A T (B R R O T X 5F, TR T @
SV A2, 8] 6 24 PSR 1193942134 284 T (LRGBS 15 20 Pk vhde e &, W& 2467 TARAL 0.2
BT B bk of ARG A2 48, AR Pt AT R B A o TR 7 S S AR T L AN 5



212

i ) A e 2 4 o443

o _ |
0.05 | I
|

0 0.2 04 0.6 0.8 1.0

Jok pAE Az
&l 6 PSR J1939+2134 M iHE K v A ( H.045K% 1250 MHz, #7958 500 MHz, XUAL )

1 000
1 400
1300
=
= s00
¥ o
£ 1200
1100
0
0 02 0.4 0.6 0.8 1.0

Jok i AF AL
K7 PSR J1939+2134 $iR—AH{7
SRS UEAR T8 AP O BOH R T OUBE , XFRIAERY PSR 1193942134 FEF 8 1 TR A T 6
bR, 55 NE 8 Fiaw, MR LE S 945754, AIE BN HIAL TAARL 0.2 F1 0.7 BRI % F ik R e ] ik o
5K 6 AT H B A5 R —2, (HICRARAH TARN 0.2 M0 kS n 254y, UiBHIZOR an g ta 2
A 38 AT A A BEARAS , AH I O L T ARA T 6, X EEOHBR iR AR, AT
e LIRS



2 31 Ay, LT DSPSR A GPU A4 fik i B2 AR 118 (o B s AL BRB AR 213

0.10 |- \ .

|
) 0.05

0 | 02 ' 04 | 0.6 ' 0.8 | 1.0
T QUIiEIA
€18 PSR J1939+2134 JEAH T bk i de Bs P (oo Jii# 1250 MHz, 47 58 500 MHz, XU AL )

R SR UAIEAR ST TR A B A B R A SR A BT L, MR Australia Telescope National Facility
MYBERE, 5 Parkes XF PSR J1939+2134 7E L S BOULIN Frfs B 058 B A7 Lu 4, 25 Rl 9 o, K9 fir
78A Parkes ] PDFB 23 2G04 PSR J1939+2134 78 1378 MHz WL ACHE B AH 118 (LB BRES SR, A i b
BEINTAINL 0.2 BHE R E Rkl AHAL 0.7 BT Y A ik LA S Bk oh i xG 4a 24t , 518 6 H FAST W
DR BEEE I — 20, UFBIAS B A B R () B A PR 2 SR A A 2R 1

0.03 | ' r' ' ' ' ' ' ' ' i
|
. |||
0.02 + ‘ | E
= ‘ ||
: _ |m H ]
! |
0.01 || 'H .
II | I| ||
|I | |II |
|I |I | II
g | | i
0 T ILM-MMFMW—,WﬂMW‘WM;—’HWW‘&MMf | PO ———
" 1 " L M 1 M 1 L
0 0.2 0.4 0.6 0.8 1.0

Jok AR A
&l 9 Parkes MIFEF A9 PSR 11939+2134 AH T a5 bk wh i 2 [&]

5 %Eig

ASCHE LT DSPSR Fl GPU 1ok R B A PR AR, 7T S5 I A e P S I A 0 A T

@D hitps://data.csiro.au/dap/public/atnf/pulsarSearch.zul



214 I [ A3 3 24T B4

ARBR o B e R AR B T 25 A e O N AF R AT GPU IR, SEBI3E T CPU+GPU S04 R GE i AH
T OB R A B AR, FHELFAEA TS G, CBOEBREDIR, v AR BRSO ik op4e BE . %X
PEAL PRI 1« 7E TITAN XP EJEAL S ECE T, %F 8 bit RAE WM 1 s AR fL PSR J0534+2200
SRS TN, TR 22 0.8 s, 5 CPU 0T, DSPSR SR H 32 Zefib # A AREEICHE 1t 1) 3 4K
T HTIaI 2 5 s A LE, ARBRAL B A E R TF2Y 6.25 £ AENRIARR | W SE AT 444, % PSR
J1939+2134 FHi Ab HiZE Y Parkes 75 L I BOULIM PR A5 A4 48 BRI HEAT XS He , AR T R AL PRS- 25 5 5 Parkes
ACPREESARIR , B iR T AR Ak B AR AR K b B e A B TR A T A T S MR o AR B Ak B R Y
%, ESCHUHETIH CROET S A BRI SEAE L, T T BARANEAOR , Sy koo B2 I BCE SO b 3
DL P9 2 AR T I ek v B e B (AR S A B T BRI B TR 2%

FEA G W TAE 4k 225 DSPSR 78 GPU TR TR, dE— 200 A 5 Ak 2 e
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