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Fig.1 Principle block diagram of radar astronomical signal acquisition and recording system
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2.2 FPGAE#®IT

Hl, CASPERSFF ZANFPGARMFIT K-V &, Ji R SCaus S it 1 L=
BB RGOS, BAEMACFPGAAE, FRARLom B v B ME LRI AR, AR 5
AT DAPRE e R BT T R 7 AR 24 i R 4.

R A R G A2 BT FISNAP SRR N, A5 B T-CASPERIT A L HIR LT 9w 5 B A%
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Fig.2 SNAP hardware physical picture Fig.3 FPGA simulation compilation diagram
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B2 AN LA RN G2 A7 2 1] ARG 11, AR SO 75 SR e B A B A e R 2 11, AT A A%
BRI RS, R E R, BT HASHPIPE 10 A7t 1 AF TAE AR W B4R,
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Shttps://casper.ssl.berkeley.edu/wiki/images/2/2b/FAST_Hashpipe_Pipeline.pdf
Shttps://github.com/SparkePei/demol_hashpipe
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Fig.4 Data storage software running flowcharts based on HASHPIPE

31bit Obit
word0 |Data flag(31)

Mode flag(30) Reference epoch seconds(29-0)

word1 Undefined(31-30) Reference epoch(29-24)

Data Frame within seconds(23-0)

word2 Version number (31-29) Data channel number(28-24) | Data frame length(23-0)

word3 |Type flag(31) Bits/sample(30-26) | Thread ID(25-16) ‘ Station 1D(15-0)
word4 Extended user data (31-0)
word5 Extended user data (31-0)
word6 Extended user data (31-0)
word7 Extended user data (31-0)

5  VDIFH#Emikg R

Fig.5 VDIF data frame header format
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ot Ak &, A BT R A SN APREAF SC A8 A 32420585 A FPGA A [ 4178 7 BT
FEAH BRI F R BOR IR, BT DURYE A AT SR RAT 7 il 26 AR, D97 (5 Rk A7 i
K, BAT0E AL B R RV DIE A% A7 i B30l 4k 1 e 470 7 08 R SCH i 5K
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3.3 BERHENX

TR R CBAEAA R W6 TR, 64715 A A SkRIZE TN 1001655 1 [B] 9% 7
B, A ARASEEE R E. AT, ®&mIR BEH. R o
SR, RAESR A=A B S D B IE R, (BN — A ST T i, A3 askH
A 43 B A0 P 2%, E R R S 2 s v 0 5 o L 4.

Echo fields
ey
1
Echo data  |First frame small| _. Last frame small
. First fr Last fr
public header | packet header irst frame data packet header ast frame data
64Byt 16Byte 10000Byte 16Byte 10000Byte
yte (4*32bit) (2500%32bit) (4*32bit) (2500%32bit)
Small packet header per frame Data per frame
Sl
i Start ti h frame (UTC) :
! T T T T T S S i
! i
. Duration Duration A and B two-channel
Sync mark | Frame count | Duration days . S
seconds microseconds data interleaving

f— 32bit ——f— 32bit —k— 16bit —F— 20bit —f— 28hit —>f— 2500%32bit —)
K6 HWIARCEIRAH#ER R

Fig.6 Radar astronomical data storage format

WEITHTZR, 180 B A — Wil s H i R/ 1 /N B S R o G S ) R o e
M, MISKHFEZEFRE. WUHEAE L UTC (Universal Time Coordinated )i [A]45 5
H R, AW A R0 DR UE EOHE (0 I A R 22 A . His 8 23 Dy gk o) ) B R o s,
REMI2500 M Hedls L, BB S EALECN320L, BHVDIFA N A A, BIIEIE
B AT 2 A7, P EIE % 1641, BEAS RAEEUE s S w51, A

4 RKHEHIERESE

KR GAE S0 = 5E L T 45 8 10 MHzsSU30 (5 5 [ 50 R AR FI AT g, X 45 R IGUE iT AT
J&i, AEFE Wl ik B EEAT T RO, SEER T B S ki R R BB OCR AR AR A EEAN
SR A7-fif

S 55 ik RSB 4 i R AR R G, AESNAPAE {4 A5 e 5% 2 332 Sr A0 Ak TN A 400 BT S
Rk BAES, Zm kLR M, HASHPIPEIZ {Tsnap_init.sh¥liG 4L FE 7, T
UEE AT % MFPG A% H R B L. WER1FTR, B0 G AR 4 2 ORI 132 L RO AH . 2
FOEAT A4k (T E S HC ATARSE 75 SR AT 18 00, Ho B 822477, ikl 4032
W1, B 8192771 . B N H HAE SR SCAR A7 Ak ) e /N B, SRR IX FB AR, Y
2P X B0 20480/ B R LI, SO AFA620480 N B a2, [ I 4 N i Hi B ash 34 1
HA0REmE 19t 2. JHAGFIR5R ZINE 1008, —A LVDIFHE #% S A7- % 1 S0k
R, ST SR ZS E100 x 20480 x 822441416 GB, FHIN32.768 s. LA fr &4 T K
Asnap_input0 - H-H _#-53-F vdif /snap_input1 - H-H _Bf-73-Fb . vdif (X877 i 2
B P48 AT SCIR AP G 45 RS, F2 7 2 T DA UL IR RE B 20 2 SC A 4k 21 A7 it 208,
HRBRLRLE R, SO O T AR
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31bit 0bit
word0 Synchronization mark(31-0)
word1 Frame count(31-0)
word2 Duration days(UTC)(31-20) Duration seconds within day(19-0)
word3 Duration seconds within day(31-28) Microseconds count (27-0)
wordd Digital baseband data 0 (A channel data(31-16) + B channel data(15-0))
words Digital baseband data 1 (A channel data(31-16) + B channel data(15-0))
word2503 Digital baseband data2503 (A channel data(31-16) + B channel data(15-0))

K7

R IR R 8 B ik 2

Fig.7 Radar astronomical echo fields frame format

&1 VDIFRAXHEFHBXSHIRE
Table 1 The VDIF format file storage parameter settings

#define CACHE_ALIGNMENT

#define N INPUT_BLOCKS

#define N.OUTPUT_BLOCKS

#define TEST

#define N_.PKTS_PER_BUF

#define SIZE_OF _PKT

#define N.BYTES_JUNK

#define N BYTES_HEADER

#define DATA SIZE_PER_PKT

#define NINPUTS

#define BUF_SIZE

#define N.BUF_PER_FILE

#define N.BYTES_PER_FILE

64

20

20

20480

8232

32
(SIZE.OF_PKT-N
_BYTES_JUNK)

4

(unsigned long)
(N_.PKTS_PER_BUF*
DATA_SIZE_PER_PKT)

100

(unsigned long)
(N_.BUF_PER.
FILE*BUF_SIZE)

//Number of
input blocks
//Number of
output blocks

//Number of packets

in a buffer
// Size of single packet
//Number bytes of

junk before header

// Number bytes of packet
// Data sizes per packet

//Number of

input signals

//Buffer size with

polarization

//Number of buffers
in a file

//Number of bytes per
file saved in disk
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N5 I R B R TR B A I 2R IS AT L, BRI T R R
B HT I AT IRES RIE BRES P X, FTFF3#7 (1 24532 T hashpipe_status_monitor.rb T
ERA UL BLIR I, BT TR (E B VI FTIE 710 4 4, 0PI O, SR 2790
AT AT I AR BB M XAEE RN, BRI ST 2831,

Current Status: Instance 0 Current Status: Instance

BINDHOST : BINDPORT : BINDHOST : BINDPORT :

DATADIR : DATSAVMB : DATADIR : DATSAVMB :
ISSAVE : ISSAVE :
LOSSRATE : LOSSRATE :

NETBKOUT : NETDROPS : NETBKOUT : NETDROPS :

NETMCNT : NETRECV : NETMCNT : NETRECV :
NETSTAT : NETSTAT :
NFILESAV : NFILESAV :
NPACKETS : NPACKETS :

OUTBLKIN : OUTSTAT : OUTBLKIN : OUTSTAT :

PKTLOSS : PKTSIZE : PKTLOSS : PKTSIZE :

8  LRFROBIEAT MR AL T 9 RRRIBIR AR WAL T

Fig.8 Thread 0 storage state monitoring interface Fig.9 Thread 1 storage state monitoring interface

ARG AT AR TP B R AR AT T RS E N 22 S S0, e A I B 58 R Ak
[ BARIE, A RG0F] A th S e $2 4L 1910 MHz (5 5 15 € A GPSTP ik i 5 5 (1
SR ZERFEN ST X ik v 2 5 oty M SR 5 10 S BN PR HE R B [R) B bric. 2 T VDIF A
T TR I TR ST X 00 SR B %o I ) 8K PG P32 SRR BB, TR LIS )£ B R U A0 R
AR 5.

I 4a AR USCR 4 ik o 22 305 19 [R BF, UART (Universal Asynchronous Receiver
Transmitter)$z [ [7] R 48 K& GPSKAEB IR FIUTCH (845 2., i i 15 20 85
B EL0FTR, SOED I Ta) ) 75 220 F GPSHP k{5 5 FIFPGA I S B 315545 i
TADCRAFEINZR 512 MHz, X RAE LR BEAT 4% FFEAT I ARAE, LFPGAR) TAF 0
TN RFEAZ 453 AU R 128 MHz, B8 E #HN1/128 MHz, B3 JK BAK M K 1%
8 N64 bit, PN B E T B A RE 2 64 bit BRI, PRI AR — 81924 Hidls
M, T3 2E8192/(64/8) x 2 = 2048 B WIHN16 pusFRIN 8], W AFAD KX 625001445 . C
FIGPS/™ A HIFP K5 5 & B N1 si) 770, BRI ETHE 5 UTCH 18] KR AR AL ™ 4% ]
A R LIS b T HEAT FIW, AA Rk b 8 BT B3k, AR Al A T B T &
IS TR AT VR, B RIE — MU TA) BRN16 ps, WIHECRIN—AS, SR
Bk F1 iy, B THE RS AN —, SORD TH B A A, BB N — Ak E S
TR ER, itk 8, 45 2R R MAD I TR4E 8.

Ak b AT T RIA, B JE T A R A B N, 5 HT B UTC [AME AN G i A
Has Tt B S H S, VE o BEmiUE s B 4A I A) BPR 105 Ak BOAH A B 7 S
STXF B S D A ) B A e U B o 7 25 2R ) e B MR AR AR

A7t 47 HOVDIE S 2K i B2 B8 0 e A7 9 78 08 R SCEUl A7 it 3, 1 TVDIFAS 20
N H R A A E N8 bit, PR SR G ARG, f B — D e i B AL
B, R T IA R SCEDR SR FE AL R, WAL BFTEE R A 28 s E, HLARRAN E A
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RS bitEAL 16 bit/5 AN — A A BLITF N AF SRR X, Pk Bds N 28 SR i,
BT 7R, 503 ot 25 4L I, 7% B4 OV DI A% 2 S0 14 Jhk v 22 28 45 2000 15 U2 R i =k 4 1)
BT 45 2. BT VDIFAS 2 B2 IS M8 1924 B4 A3 i 75 B W) 916 s, 10 7R 38 R SCHS 3X
B R4 92500 B A5, 28U S 2 m R AR B B I 1A R BRI s (BN E
BC). BAF— M, WU ECR TN, W A B S VDIEAS 3T 2O A7 6 00 1 it ]
2 Ja BB (a5 BAERT —WiERE BN, BB R, BRI 46, 3T T5iE R
IR RS MG S, W ER RS & NS ENF N FRIEE, DL E 2R B s H
PR A .

GPS acquisition UTC time
module
Integer
Frcquepc_\' Microsecond Yes Integer seconds seconds
synthesizer counter i counter
T \PPS Counts full- Timestamp
seconds?
GPS/1PPS FPGA clock No Miciossasids
10MHz/1PPS frequency

B 10 WAEdR

Fig.10 Timestamp marking

VDIF format VDIF format

buffferl
header+datal

buffterO
header+data0

buffer
data=dataO+datal

Radar astronomy format

K11 BRSO A7 5

32bit

Fig.11 Radar astronomical data format transfer calculation

5 ZERIGUE

N IREIEAE AT R P A S KA BE £ R B A S B AME I, T B A EHIA
T AR HEAT BT, 38 3 56F B B4 BRI s, A0 6 JRI TR 6o B A 36 B0H R 6 7 )5 1) 52
ik

FRATTAE FH Jok b 2 JO332-+ 54341 H I K 478 5o B 2k R SO s % A7 45 R HEAT IR AIE, W
TEHEAS B AL 715 96 9256 MHz. HO %R 1458 MHz, @@ A, 8 bit>k
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B, FIH VLB FDIFX (Distributed FX Software Correlator) X 4 ) VDIF#%
2P0 Tk e 2 U0 B 3 A7 AL HE 75 B J0332+ 543477 B 14 fik i 2 8 56 40 B 12 R, B S
SN [ — N ) SR A6 A7 1) 9 % VDIF A% SUB 8 2547 1 B AH S R, i 13T 7. e By
P& VDIF#S 21 ik 22 208 S0, #kEATS 8l R T 7 47, 3%62500r|1ﬁ>< 5s x 8192 =
25600000004k £, Hoh A HdE 48 bit, BEWIEEE L5 I 16 us, F£312500Mi %4,
AR AT I R R B R0 B 98 R S0 2112560000000 /25008048 = 10240001 %%
W, A KR 5532 bit, R 15 s, (85 B3N SO A A iU Wik B TR A R
B UERT L5 58 T A7 T 5 10 de P B R B B DR R — B, B A e IS R 15
P 14578,

J0332+5434 Auto correlation amplitudes
0.02490 F 7 T T T i T T — T T T T .
0.02485 | 1
0.02480 | 1
$ 0.02475} 1 g
L7} @
z E
s 0.02470 | £
% 3
0.02465 | 1
0.02460 | 1
90 —— /home/anxm/snap_inputl_2020-11-07_10-46-36.vdif |
0.02455 | A —— /home/anxm/snap_input0_2020-11-07_10-46-36.vdif
00 o1 0z 03 0a 05 06 07 0 S0 100 150 200 250
Pulse phase Frequency/MHz
B 12 J0332+5434%F0 B 13 XOEE S R 1 B A A
Fig.12 J0332 4 5434 profile Fig.13 Autocorrelation spectrum of baseband
data
ADCO0-VDIF format (UTC time) ADC1-VDIF format (UTC time) Radar astronomy format (UTC time)

1 second

frame:2620-11-07 02:46:36.280960( 1 frame:2020-11-07 ©2:46:36.280960
frame:2020-11-07 02:46:36.280976( 2 frame:2020-11-07 02:46:36.280976
frame:2020-11-07 02:46:36.280992( 3 frame:2020-11-07 02:46:36.280992
frame:2020-11-07 02:46:36.281008| 4 frame:2020-11-87 ©2:46:36.281008
frame:2020-11-07 02:46:36.281024( 5 frame:2020-11-07 02:46:36.281024

62495 frame:2020-11-07 .280864| 62495 frame:2020-11-067 02:46:37.280864 |204795 frame:2020-11-07 02:46:37.280930
62496 frame:2020-11-67 .280880| 62496 frame:2020-11-067 02:46:37.280880 (204796 frame:2020-11-07 02: . 280935
62497 frame:2020-11-67 .280896| 62497 frame:2020-11-067 02:46:37.280896 204797 frame:2020-11-07 02: . 280940
1 second | 62498 frame:2020-11-67 .280912| 62498 frame:2020-11-087 02:46:37.280912 |204798 frame:2020-11-07 02:46:37.280945

end 62499 frame:2020-11-87 ©2:46:37.280928| 62499 frame:2020-11-07 02:46:37.280928 |204799 frame:2020-11-07 02:46:37.280950
562500 frame:2020-11-07 02:46:37.280944( 62500 frame:2020-11-07 02:46:37.280944 (204800 frame:2020-11-07 02:46:37.280955
p62501 frame:2020-11-07 02:46:37.280960( 62501 frame:2020-11-07 02:46:37.280960 (204801 frame:2020-11-07 02:46:37.280960

frame:2020-11-07 02:46:36.280960
frame:2020-11-07 02:46:36.280964
frame:2020-11-07 02:46:36.280969
frame:2020-11-07 02:46:36.280974
frame:2020-11-07 02:46:36.280979

Ve wN e
UV EWN =

2 second

312495 frame:2020-11-07 02:46:41.280864 | 312495 frame:2020-11-07 02:46:41.280864 [1023995 frame:2020-11-07 02:46:41.280930

312496 frame:2020-11-07 02:46:41.280880 | 312496 frame:2020-11-07 02:46:41.280880 (1023996 frame:2020-11-07 02:46:41.280935

5 second | 312497 frame:2020-11-07 02:46:41.280896 | 312497 frame:2020-11-07 02:46:41.280896 (1023997 frame:2020-11-07 02:46:41.280940
312498 frame:2020-11-07 02:46:41.280912 | 312498 frame:2020-11-07 02:46:41.280912 (1023998 frame:2020-11-07 02:46:41.280945

end 312499 frame:2020-11-07 02:46:41.280928 | 312499 frame:2020-11-07 02:46:41.280928 [1023999 frame:2020-11-07 02:46:41.280950
———P312500 frame:2020-11-07 02:46:41.280944 | 312500 frame:2020-11-07 02:46:41.280944 (1024000 frame:2020-11-07 02:46:41.280955

Pend : 2020-11-87 02:46:41.280960 end : 2020-11-07 02:46:41.280960 end : 2020-11-07 02:46:41.280960

End first time : 2020-11-87 02:46:36.280960 |first time : 2020-11-07 02:46:36.280960 f:l.rst time : 2020-11-07 02:46:36.280960
last time : 2020-11-07 02:46:41.280960 |last time : 2020-11-07 02:46:41.280960 [last time : 2020-11-07 02:46:41.280960
ADCO all time : Ss ADC1 all time : 5s Rad-astr all time : Ss

B 14 WG EXTH

Fig.14 Time information comparison
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comparison
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High-Speed Baseband Data Recording System for
Radar Astronomy Research

AN Xiu-mei’? ~ CHEN Mao-zheng!3*  PEI Xin%?34 LI Jian3*
DUAN Xue-feng!®4  Tohtonur!34

(1 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)
(4 Xinjiang Key Laboratory of Microwave Technology, Urumqi 830011)

AsstracT In order to carry out scientific research on radar astronomy, the radar
echo signals received by the radio telescope are collected and recorded, and the radar
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astronomy baseband data acquisition and recording system is developed based on the
SNAP (Smart Network ADC (Analog to Digital Converter) Processor) hardware ex-
periment board and fast storage server. The system adopts the graphical FPGA (Field
Programmable Gate Array) development tool flow provided by CASPER (Collaboration
for Astronomy Signal Processing and Electronics Research), and designs dual-channel,
256 MHz bandwidth signal acquisition and VDIF (VLBI (Very Long Baseline Interfer-
ometry) Data Interchange Format) baseband data output firmware program; based on
the HASHPIPE (High Availability SHared PIPeline Engine) multi-threaded manage-
ment engine, a real-time baseband data storage program with dual 10 Gigabit Ethernet
ports was developed, with a storage bandwidth of 1 GB/s; finally, a conversion program
from VDIF format to radar astronomy format was written. After the pulsar signal ob-
servation experiment, the system is accurate and reliable.

Key words radio astronomy: baseband data, techniques: radar astronomy, data pro-
cessing: format storage, SNAP (Smart Network ADC (Analog to Digital Converter)
Processor), CASPER (Collaboration for Astronomy Signal Processing and Electronics
Research)
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