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Fig. 1 A flowchart of the Polyphase DBBC
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2 Mark5B #& A8 1T

2.1 Mark5B itg=

Mark5B Wik 24035 4 4> 32 7 9L AN B 2500 4> 32 AR AF . Wik ak X an & 4, 3%
DT EE:

0 MFE2S “ABADDEED”

TR 31~16 P AEXAACHRI, G3ID 5); A 15 2kmEdrd, ik 14~0
R IWUT 5 (Y IERP I 2Bk, W5 WETFR) .

T 2~3 4 BCD R A RS 16 FLARIE IR AR IS

by 31 Feds 0
F0 [f]247: (ABADDEED)
T 1 FFEX (16 L) T FEP RIS O 0 TFERD
72 VLBA BCD INa]f 5 1 (JJISSSSS”™)
3 VLBA BCD i [Elf147 2 (£.SSSS” Fl 16 LLA4F) CRC 1)

B 4 Mark5B ik
Fig. 4 The header of the Mark5B frame format

R 1ER6HNERGICRKIABCRAE B 1, 2, 4. 8, 16 1 32 W 45—~ 32 (i £dli BA S
Ak, Ir AR — YRR B B L4, B 3 RBENUY . l LA B4 YRR (B AR 2 5
BB HES o WSk H g S A IR AL OIS 1 Sl 5= b2 1 SRR R %1

F1 1 hFREOBHEFEX
Table 1 The data string format in a 1-bit stream
e 31 HoAR O

eIl

F2 2EHRIEETFER
Table 2 The data string format in a 2-bit stream
LA 31 HE4E 0

‘15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘0‘

R3 4LFRBEEFEX
Table 3 The data string format in a 4-bit stream
FoE 31 A% 0

7 6 5 4 3 2 1 0

F4 S HLFFmAIHBIEFEN
Table 4 The data string format in an 8-bit stream
HoAE 31 Hof 0
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x5 16 LLEFRIEBEFER
Table 5 The data string format in a 16-bit stream
e 31 L4 0

F6 32 LLHERAEETFENX
Table 6 The data string format in a 32-bit stream
LA 31 HEFE 0
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Fig. 5 The flowchart of the Mark5B formatter

cpeidatal 31:0 1838 1 Je ik A B A7 %% (8 5 Data fifo) FEFE A, SRIE B sy B He (& 5
frame generator) TE & 24 1) B 5 i B 2 2% A7 7% (18 5 framefifo ) WP, B [A] P2 A= i e (] 5 BCD _time
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generator ) HRAEWILRET B 55 (& 5 start_time) |, M55 (&8 5 ppsin) LA K 64 MHz By 8, 38 8 530 16 77
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Fig. 6 The block diagram of the 10G network transmission module
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W xgmii_txd A 64 (7 EE K E(E S, xgmii_txe A 8 NHYIE TG BRIEE S, xgmii_rxd A 64 7 B9 EL
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rxd Fl xgmii_rxc B I B FHE

Bl GTX0, GTX1, GTX2, GTX3 NAHRIAmE BT R, 10 G L% KLk BiHumm i i J XAUL #1
GTX i/ 5 AN Y RLZ 0 S E S48t , P28 5 10 G M SEH BRI
WE R EIEHE, WERMH Z R NE SRR H R SIEE AT E, NE 6 nfLIEH,
SO R R F 2 T R M AT 144 RS54, @ XAUL I GTX ¥ 85 A 16
LR

& 7 B AR R R R AR 1 AT % SR R 28 DR Sk A A AR T E AN S (B MAC 2
bbb AN H Ak, 1P JZ2 VR HeHE A H (A Hhl, UDP PRSI -5 A0 H i 05 SRR i Ab 2R
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(1) AN TR] A9 558 22 ok 26 MAC sk AN [R), I 4 7
Polyphase DBBC & 1 #2840 H i MAC Hbhik 2 28 [ & 1Y
TEOLT, ] AN [m] A4 I 15 4 2

(2) UDP RS AL (1 N 254345 UDP k&R F1 UDP 4%
i, A UDP $d 8536 73 2 A8 ki, A4 UDP 1
A 8 FAZ G v [ 7 AR 2

iy

AL 5]
FEHIM R ILE X
REOAH 177 DN

TEA BT IR R TT I - R

(1) R LB B 1) MAC HuhEE 8 N4 1 1) #% /
Hodk, XAEALAT Y Polyphase DBBC AH % A4 32 i 15 45 &R 7T
DL 2 . oo

(2) UDP WA By SR vl ), SR 48 L
W40, MBSO 218 17 AR vE RS UDP 32 ICRE 7 B B IAAS
THAEU) UDP ASE AT, A IAR B XA F Bk B

o0, \
PR A EEE  — A AR ARSI, k%% B R A
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A IDLE TARRZE, MR T AW & & wiEp, IDLE T
VRS — B AW B &k Z b X P B 177 MEdE, stk /
PORAEHLYIH: 8] START_SEND RZ, 7EXAIRET xgmii o
i B BRI b, xemii_twe %350 (80 St oLt CRC
0x01, MCJE & EARSHLYI 5] HEADER _SEND JRZ, 7¢
TR, xgmii_txd %36 948 B0 A0 603k U AT 40 4~
A7, xgmii_txe B3 PFEFIE SN 0x00, [FIET 64 £ CRC l
HHABH RS, KE5E 40 D EWRIELIE, RSN
VI3 DATA_SEND R4, ZEMORAST, xgmii_txd HIER e -
RIEVFLFH LA

B2 TR ST 6 AT BB EOE DR I 64 %K CRC BLI ML fibie
i, BEFORARK L 2% 8 B LA, xgmii_txe &L
S B —F R 0x0, DATA_SEND RETIERLIET 177
W LR RS HLYTH S FINISH KA, ZE R T xgmii_txd A7 WS EARAE B RALE
DA PR ESE 5§ A 2 L % FCS 22 By xemii_txc % 3% 0xCO, Fig. 7 The flowchart of the protocol
R xgmii_ixd HEIJG T 6 DFERARKM, RS

MLY% A IDLE RAS

encapsulation module
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3.2 Bl s IR P T

& 8 R O R (AR IR, ORI T Linux BVER G CIES WME N R, TAF
MERAT .

(1) #57 UDP B4Rk,

(2) BESLHAERIX buffA F1 buffB, 33X 9 4~2% vh X 15 F e 4 () s B R Ar Rt SRk
XA R/INEB A 1416 x 20 080 “F717 ( DBBC & 3% A A B i A s i i 85 s 1 416 747, SEFr b —
AR IXAEIL 20 000 NEHE AL, 28 i X FF BIRS KA T B 1k BN R )

(3) LB M2 A2 (th1 Fth2) , thl FISRHEUL UDP 30840, th2 ISR HESE i X 50 5 ARG 377
B, PERRRIFAT T AR,

ZFE thl TAERFEAT .

(1) HIEEN. 1Y UDP 45450 UDP Bditl .

(2) Blle—> UDP B¥i A5 A4l flg b ik FI W 5 s AR 2 o X, I 0. Y flg 0
W, AEZZh X buffA I ; 24 flg R 1 B, fEZPIX buffB FPIEARYE, flg IGER 0, HEA4
Gz p X RSB R TR E 20 000 > UDP i Auns, HEIX A28 op X (W3 AR 25 B0 1 (buffA BTl bR 5
fullA, buffB FIEFRE R fullB)

2R th2 TAERFEAT .

(1) AR buffA F1 buffB (iR EHIWOE R A Z P IX O, RAWHEALER(2), &W—EEH
FIT
(2) HEETERIZ P IX TP B S ARERL, AR SO, AR E R 0, SRIEPER(1) .,

@37 UDP £#:7
HAMEL

A

2B AN R X
buffA F1 buffB

4

GRS

=

EHEIN €/ ) AT
e IX i
A
R flg ik
KA P\H’l‘%ﬁ FEBEGET X Kol
TENE EUNC%

TERL A3

B8 BRI RAER
Fig. 8  The flowchart of the data-receiving program
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4 ZERIME Lo B

ARSI T 3 A AT A R, R S A T 48 h BRI EIIN L, SEge b — S MR U™
*%%%E PSS, SRJE R R AR #8774 512 MHz 5 S8 h 55, iS58 i o 243 e
— 5 A3 AP Polyphase DBBC Y HIIE S A, 55 1 I H]— & miPERE 10 G IRk55 &%
ﬂ]# 55 Mark5B % & [RIE1C 5% [/ — 5 Polyphase DBBC A= 4#ii, Polyphase DBBC H 4% {5 Fil Mark5B
BEA T BAS ARTETC SR T T I []R 5 g e AT IR [R) 20, 26 2 A Sse ] — & e PERE 10 G IRGF A f—f
Mark5B #4573 5P 5 Polyphase DBBC 7 A= i 4i4is, Polyphase DBBC H 4% 2 &% Fl Mark5B ¥4 H
(A AR TEIC S AT B R R 45 # EA TS AT )26, 26 3 AU MG & = PEBE 10 G RS 25 e Wi &
Polyphase DBBC j”/E W&, Pif Polyphase DBBC HH A% X a8 AE 10 i Fif IR R IR 55 g A Tt A] [R) 20, A
J5i FH MATLAB 57355 i 35 21 5256 v R BB 11 1 R DG 45 SR AR I () ) A G2 5, 3 FL A OG
) MATLAB P27 PR (e L AR 4 FBE R 4 096 i, BRAMEFEIA 1024 APt (i B An g A 1, i 53 B AR
%%MﬂmBﬁ?%ﬁ@EWﬁﬁﬁﬁﬁMﬂ%ﬁ,Aﬁﬁ@ﬁlm¢Amﬁﬁiwﬁﬁn%o
EER m\nﬁ%%3ﬁi%%%ﬁ%§ﬁm&ﬁﬁ%ﬁﬁ%@gﬁ,mITﬁ%%
PSS TR N Y SR e I = W8 € TP QDA TR =L Y S €t 2y S I N “Wﬁ3@%?ﬁ
FEECHE S 8 AT T 11 HAH S M 8 AU A 3 (b RO B, N B AR A 3 ) T%hﬁﬁ@ﬂﬁ
Iz FUEELH S 0 HA DG R SEAR AR SE NS RIRER 1 LI LA SN 39. 265 6 us, FRAYHTAEZI A O ns
(X 5 8RSk A [7l— 4 Polyphase DBBC FHW)4) o 45 2 4 UM I A& 39. 265 6 us, FRAXITAEL N
9.6 ns, 553 HJLMAFAER 0.062 5 us, FRARRIIEL N -12. 1 ns(JG P T I RN EA R 0 5 W 4L
P52k B FASIFH Polyphase DBBC FHWIA) .
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Fig. 9  The spectra of self-correlation amplitudes in the first set of experiments
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Fig. 10 The spectra of self-correlation amplitudes in the second set of experiments
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Fig. 12 The spectra of cross-correlation amplitudes and correlation phases in the first set of experiments
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Fig. 13 The spectra of cross-correlation amplitudes and correlation phases in the second set of experiments
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Fig. 14 The spectra of cross-correlation amplitudes and correlation phases in the third set of experiments
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(IEA 10 G (AR S5 25 R0 AT, dn] RLJ2 MarkSC 803 MarkSB, NHAER R, HiFMHT 106
M2, BAEE IR AR IET 20, SR B TAE 24 . (1) FF& VDIF %3088, Ead s
ZHHE ) DBBC Hdiits xU7E VDIF 5 MarkSB Z IRV ;  (2) AR eomde i iy, 48 w4 iiol %,
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A Mark5B Formatter and a 10G Network Transmission
System Applied to VLBI

Yu Wei', Zhang Xiuzhong', Zhu Renjie'”, Chen Lan®, Wu Yajun'”, Guo Shaoguang'

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China, Email: yuwei001@mail. ustc. edu. cn;
2. Shanghai Institute of Technology, Shanghai 200235, China; 3. Key Laboratory of Radio Astronomy,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract; Radio signals from distant radio sources are extremely weak and have very low signal-to-noise
ratios when observed with current radio telescopes. In order for VLBI data to reach high measurement
accuracies, large measurement bandwidths and sampling bits need to be adopted, resulting in huge amounts of
observation data produced by the VLBI terminals (such as Digital Base-Band Converters ). Traditional data
transmission systems of VLBI terminals use VSI interfaces, which cannot meet the requirements of broadband
VLBI observation. The limitation of VSI interfaces is due to two factors: First, their data transmission speeds
do not exceed 2Gbps, and second, their data-recording equipments are conformed to the rather rigid Mark5B
format. We have designed a 10G network system for a new Digital Base-Band Converter ( which is developed
by the Shanghai Astronomical Observatory based on polyphase-filter banks and the FFT) to enhance its
flexibility and transmission speed. The data-transmission method of this system is the packet switching, so a
data arrival time at the data receiver is not accurate and reliable. This requires that data must be of a standard
VLBI format before being processed by the 10G system. To achieve this we have also designed a Mark5B data
formatter to convert data before being sent to the 10G system. This paper describes the principles of the
Mark5B formatter and the 10G network system, which are both based on FPGA. The final part of the paper
describes three sets of experiments verifying the accurateness and stableness of our designs.

Key words: Polyphase-filter banks; Digital Base-Band Converter; 10G network interface; Mark5B formatter





