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ABSTRACT

This paper describes the development of algorithm for direct data transmission between Raw VLBI
Data Buffer (RVDB) and Huge Capacity Data Server (HCDS) operated in Korea-Japan Correlation Center
(KJCC). The transmitted data is the VLBI observation data, which is recorded at each radio telescope site,

and the data transmitting rate is varying from 1 Gbps, in usual case, upto 8 Gbps. The developed algo-

rithm for data transmission enables the direct data transmission between RVDB and HCDS through 10

Gbps optical network using VLBI Data Interchange Format (VDIF). Proposed method adopts the conven-

tional UDP/IP protocol, but in order to prevent the loss of data during data transmission, the packet error

monitoring and data re-transmission functions are newly designed. The VDIF specification and VDIFCP
(VDIF Control Protocol) are used for the direct data transmission between RVDB and HCDS. To validate

the developed algorithm for data transmission, we conducted the data transmission from RVDB to HCDS,

and compared to the transmitted data with the original data bit by bit. We confirmed that the transmitted

data is identical to the original data without any loss and it has been recovered well even if there were

some packet losses.
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Figure 2. Configuration of data frame by introducing
Thread ID (Whitney et al., 2010).
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Table 1. Detailed information of VDIF header Table 2. Detailed information of VR frame header
Informatio Bit Bit it
lengt | Value Description Name Valu Description
" h length
Bit mask version 4 1(fixed) VDIFCP version
Valid bit |5 0-31 | 31 : 32bit overall valid Classifica -
number 0 : LSB 1bit valid f 4 3(fixed) VDIFCP kinds=VR
ion
Sampli 4 o/1 | 2bit sampling MSB(H), LSB(L) VSI channel number
ampling 1 : H frame, 0 : L frame VSI port 4 1~4 -when control PC transmit
0 HL A i 1~4 temporal number
: t .
1 : split ;;gif tr)l)(,) seelry bit Reserve 4 ALL 0(fixed) in future use
(even bit: H frame, odd bit: Packet .
L frame) . Lgflgfh 16 | 28(fixed) VDIFCP length(byte unit)
2 : split 32bit by 2bit -
(4n~4n+1: H frame, Reserve 8 ALL 0(fixed) in future use
Ant2~4n+3: L frame) Increasing sequence
. 3 : split 32bit by 4bit
Split 4 0~5 (%n~8n+3: Y H frame, Sequence number by every VR
8n+4~8n+7: L frame) 24 0~0xFFFFFF transmission
4 : split 32bit by 8bit number 0—>1-2:0xFFFFFE—
(l6n~16n+7: H frame, OxFFFFFF—0
;6n2§)i16§;;3b1; tirggilf) Reserve 8 ALL 0(fixed) in furture use
(LSB 16bit: H frame, MSB VDIF de(1=MODE1
16bit: L frame) Mode 4 1 or2 2=MODE§;O o ’
Time Valid (1: valid, 0: invalid) - - - -
upper bit: clock code Time Time 5 4bit BCD x| observation data time
TV 2 0~3 Valid ) o i code 13row YYYYDDDHHMMSS
Valloi(\;ver bit: source timing Time Reserve 96 ALL 0(fixed) in future use
Bit 31(MSB) Bit 0(LSB) Transmission order in Network ——
Byted Byte2 Byteil Byte 0 0 34 78 112 15 16 19 20 23 24 27 28 31
Word 0 | 17, IR\\ Seconds from reference epochy, - —
1 Version |Classification| VSI port I Reserve Packet Length
Word 1 \L”‘y 4, | Reference Epochs Data Frame # within seconda,
assigned; Reserve Sequence Number
Word 2 Reserve Data Frame length-1(units of 8 bytes) s e e ime ime ime
Word 3 Rwl bits/sample-15 | Thread IDy Reserve Reserve Mode ’CW”' ’T””y 7”’y T’ Y ’T(’”D
Time Time Time Time Time Time Time Time
Word 4 Reserve | Effective bit # Sampling I Split |7‘/ IK‘F’/"""’““b{;”""‘ 10D 1D 10H IH 10M M 108 I
Word 5 Rwl Seconds from reference epoch : For source time Reserve
words [ St ] Reserve Reserve
Word 7 Reserve Reserve
Figure 5. VDIF header specification. Figure 6. Structure of VR frame header.
X] o\,f];'_l—l RVDB-Q] H] O] E1 X1 Z]';g'j] (OCTADDB 0w 1‘: 0 34 78 11 12 15 16 19 20 23 24 27 28 31
Version |Classification| VSI pori Reserve Packet Length
OCTADISK)Oﬂ AA A&Esle] fHoly AEE F3d= ! pert | el
Reserve Sequence Number
A8 EFS MODE2AA FEI M, 2280 A 7]=3k A Revorne Voo Time Time Thme Time Time
— — - ’ 1000¥ 100Y 107 1y 100D
3} Zro] VDIFCPY 3714 Z# < & SR ¥ VR Zd Time Time Time Time Time Time Time Time
N 10D 1D 10H 1H 10M IM 10S 1S
< o] &3t 9t} Reserve
TAAN LR E FAA SR OB WA S VDIF Chargetr 1 Chirgetr2 Chargerr 3 Chargetr s
AUX AUX AUX AUX
Eﬂ 0] Ei ‘9] Xé i% %% VR ‘\J'H 7)1% q’ VR > Eﬂ < 6‘“ E—] Character 5 Character 6 Character 7 Character 8
‘O/] ?——JZ—T: Figure 6Oﬂ I/}‘H'I’H?q D:]: 7_]_ yEJE—‘/] Aul% After this part 2 Variable Length of PDATA
Table 20 “FAIstAl Awslsict. VR 3l AFe Figure 7. Structure of SR frame header.
VDIF dlolE] 71 FAlabs Zejue] s,
VDIF tlo]E] o] AEH A rjete vjx 13]¢] H] H 7S #aH o g2 Falshe dHH, SR HAS Fa
a2 A& WAsA " FAALEE o] VR o] VDIF H|o]E sjZle] thet AR E A 2H o= AF
=z ]l sdel vERG VST A 9] tﬂi FA8% 44 &t} Figure 79 SR #|Ze] =g 3o Fx2 vE
WS, VDIF R=, dAEe dvo]eo AJzhS 3harshe], e, AE=E VDIF dHolg izl o], dAER
U5 1 PPSell A5 dlolHE FHlsHAl |t = AR S5 g9 4 9tk SR HAE Al
S Al 2=E2 VR Sj7lo] whel FR|§k VDIF Hle] FAIA2=H2 SR F 7 AZAARE glstm o] A
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Control PC VDIF Transmitter VDIF Receiver

Information by transmitted
side of observation data
<IP address=Transmitter>
<Partition= ABC>

[Playback Start]
<Partition=ABC>

<Playback start time=t5>
<Playback rate =2048Mbps>|

sy (t1) -
Disregard because of VR<t0+3> <Partition=ABC> 250ms/500ms/1S
previous time code " @) o .
assigned before starting [YR<t1+3> <Partition=ABC> T~ T [k] time interval is
playback different by varying
VR<t2+3> <Partition=ABC> (83)4-  of playback speed as

Prepare t5 obs data and 4/2/1times.
transmission start when . t4)
next REQ arrived VR<t3+3> <Partition=ABC> ( v

SR(t5) SR is sent during

Prepare t6 obs data and

transmission start when VDIF(t5) Seq=0 ‘.'-,VDIF transmission.
next REQ arrived VDIF(t5) Seq=1 3
VDIF(t5) Seq=199,998
VDIF(t5) Seq=199,999 H
i Request
VR<t4+3> <Partition=ABC> P\ | re-transmission
SR(t6) ]
VDIF(t6) Seq=0

VDIF(t6) Seq=1

VDIF(t6) Seq=199,998
VDIF(t6) Seq=199,999

<t6>__}u" ,

" If packet loss occurred in
VR<t5+3><Partition=ABC> 6, request re-transmission
SR(t7) from t6-2sec

Figure 8. Improved transmission control sequence.
. S .Tequest
v | v
0 1 2 B3 W 5 t6 t7 8
t + + u + t u t t >
Operation time
NG 0 2 3 N 5 t6 (]
A\ ! ! 1 &y il 1 I >
NG NG Data time

Figure 9. Packet error monitoring and data

re-transmission.
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| #1234,2013340121924,512,32,2,AC0, PDATAYPL, PDATAVP2;

| file offset: 3450566000880

| #1234,2013340121925,512,32,2,AC0,PDATAVPL,PDATAVPZ; .

| Tfile offset: 34636800000

| #1234 ,2013340121926,512,32,2 ,AC0, PDATAVPL ,PDATAVPZ;

| file offset: 34768000000

| #1234 ,2013340121927,512,32,2,AC0, PDATAVPL , PDATAVPZ; .

| file offset: 34899200000

| #1234 ,2013340121028,512,32,2, ACO, PDATAVPL , PDATAVP2;

|file offset: 3503P400000

;#1234,201334@121929,512,32,2,ACO,PDATAVPl,PDATAVPZ;.

| file offset: 35161600000

| #1234,2013340121938,512,32,2,AC0, PDATAVP1, PDATAVP2;

=T'1LE offset: 35292800060

#1234 2813340121931,512,32,2 ,AC0 ,PFDATAVF1 ,PDATAVPZ; .
o ERaR Netatatatele)

#1234 ,28133408121932,512,32,2 ,ACO, PDATAVPL ,PDATAVPZ2;

file offset: 35555200000

UDP receive error!

Tile pos: exec m: 89791, 35555200000

#1234 ,2013340121931,512,32,2,AC0,PDATAYP1,PDATAVPZ; .

Tile offset: 35555200000

#1234 ,20133401219232,512,32,2,AC0,FDATAVFL,PDATAVPZ; .

file offset: 355552008088

UDP receive error!

Tile pos: exec m: 90666, 35555200000

#1234 ,20133460121931,512,32,2,AC0, PDATAVP1,PDATAVPZ;

file offset: 35555200080

#1234 ,2013340121932,512,32,2,AC0,PDATAVPL,PDATAVPZ; .

[#1234,2013340121933,512,32,2,AC0, PDATAVPL, PDATAVRZ;
| file offset: 35686400080
(#1234 ,2013340121934,512,32,2,AC0,PDATAVP1 ,PDATAVPZ; .
| file offset: 35817680060
| #1234,2013340121935,512, 32,2, ACQ, PDATAVP1, PDATAVP2;
| file offset: 35942200060
| #1234,2013348121936,512,32,2,ACQ, PDATAVPL , PDATAVPZ; .
| file offset: 26080006060
| #1234,2013340121037,512,32,2,ACQ, PDATAVPL, PDATAVP; .
| file offset: 362112800860
| #1234 ,29133408121938,512,32,2,ACO, PDATAVPL, PDATAVPZ; .
| file offset: 36342480080
|#1234,2013340121939,512,32,2,AC0,PDATAVP1,PDATAVPZ; .
| file offset: 36473B000UO
| #1234 ,2013340121946,512,32,2,ACQ, PFDATAVP L, PDATAVPZ;
| file offset: 36604200080
| #1234,2013348121041,512,32,2,AC0, PDATAVPL, PDATAVPZ; .
| file offset: 36736000000
|#1234,2013340121942,512,32,2 ,AC0,PDATAVP1,PDATAVPZ;
| file offset: 36867200080
| #1234,2013348121943,512,32,2,AC0, PDATAVPL, PDATAVPZ; .
| rile ofrsel: 36998400000
| #1234 ,2013346121944,512,32,2,AC0, PDATAVPL, PDATAVPZ;
| file offset: 37120600088
| #1234,2013340121945,512,32,2,AC0,PDATAVPL . PDATAVP2: .
| file offset: 37260800080
| #1234 ,2013340121946,512,32,2,AC0, PDATAVP1, PDATAVPZ2;
ifilE offset: 373926000008

Figure 12. Part of HCDS status terminal for time and

transmission  during the data
OCTADDB. The
re-transmission when transmission error occurred.

receiving  from

square  box indicates the
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0000000: edde adab 00600 0049 1100 4825 BOGE 0088 540ec000:edde adab G0E0 adbe 1000 €054 1070 DOOO
0000010: 9d9a eS5a5 14c5 57af d419 9176 e5r5 Se6b 540ec018:9093 e5a5 14c5 57af d4l9 9176 e5f5 5e6b
0888026: 9478 3818 0281 6256 575 05D da9f Sded 540ec020:94f8 a318 9281 6256 f575 95bd dd9f Sded
0000030: b397 adf9 fe7b 55al 646a 82b5 Gabb 1963 540ec030:b397 a9T9 fe7b 55al 646a B2D5 Gabb 1963
0000046: 9ble TS8e Gbed b756 3ada 888 688 dll5 540ec040:9ple T58e Gbed D756 aada BO8T 6ags d115
0000050: 9976 7505 55ac 2566 9e49 6cab 2750 1892 540ec050:9976 7585 55ac 2566 0edd Gcab 2750 1802
0060060: bFIf 56bf 8215 Seac e69d 6dcd 1786 5359 540ec660:bfaf 56bf 8215 Seac ef9d Edcd 1786 5359
0000070: 4a42 0d6a e3ac 966a 9115 1aa0 15d9 54a6 540ec670:4a42 Bd6a e3ac 956a 9115 1aad 1549 54a6
6080086: be2b T3e5 655a 6396 5748 4369 7473 9afd f3e5 6552 6396 5748 4a69 7473 9afd
0060090: a661 216a 8b54 1543 59bd 46bb ealc 98as 2163 8054 154a 59bd 460D ealc 98as
08000a0: Se7e dbd6 6697 ceaS f131 Sadl Sef7 67aa db96 6897 ceas f131 Sadl 9ef7 67aa
60000D0: 08a8 979c 6C66 b7Tb aafe a95d 197b debf 540ec6b0:@8a8 979¢ 6C66 b7Tb aate 295d 197b debé
08688c0: F5af 9655 1382 2604 d9dd cad5 fa75 7b94 540ecGcB:f5af 9655 1382 2604 d9dd cads fa75 Th94
00000d0: 1375 646a 52af c9a9 0239 61aa @676 755a 540ec8d0:1375 646a 52af c9ad B239 6las e6f6 7553
00800e0: 8787 9658 717d 97de 5a6d 6201 8782 6699 540ec0e0:0787 9658 717d 97de 5abd 6e91 8782 6699
000000: bc63 azes c995 95b2 176a e3d? aada 9cfd a2e8 €995 95b2 176a €307 aada 9cf9
0800100: fd66 68a5 D587 c9aa ee51 9505 fad6 2645 68a5 bS87 c9aa ee5l 95d5 fad6 2645
0800110; 7e5f 13d8 eabf 7995 3bdd 3715 d495 1c65 1308 eabf 7995 3bdd 3715 0495 1c65
0060120: 4678 aZla 7656 a5b9 5980 9bchb 1158 2984 540ec120:4678 a2la 7656 asb9 5980 Sbcb 1158 2984
0000130: a22a 5467 cda5 67a2 388f 577f 2b95 5455 540ec130:a22a 5467 cdaS 67a2 388 577f 2095 5d55
0000140: d792 aBab eaad 982a 5469 abd7 1T67 9aa2 540ec140:d792 abab eaad 982a 5469 z6d7 1f67 9aal2
0800150: 3f83 e50d d0ab 9776 ee@d b6f7 4854 alad 540ec1560:378a e59d d@ab 9776 eeld b6F7 4054 alad
0600160: 779d eddd 5622 a586 d150 5bda aced 665d 540ec160:7790 ed9d 5622 a586 4156 5b93 aced 6650
0660170: f8e3 0609 b6bb 1bed bd72 dedd Bafa eS6T 540ec170:T8e3 9699 b6Eb 10e9 bd7T2 dedd 6afa e56T
0000180: a970 65fe 6065 9891 a46c 9974 alad 5256 540ec180:a970 65Te 6DE5 9891 ad6c 99f4 alad 5256
0080196: 8926 66d9 59¢2 8612 8a59 6de7 7b20 963b 540ec190:89e6 6609 59e2 8912 0239 Gde7 7D2@ 968D
00091a0: c448 6517 2905 4885 6bO6 B532 69a6 al69 540ecla@:c443 6517 2965 4385 6006 6522 6936 al6y
0800106: ©3da 9849 5aad 5686 a9Tb 7a26 4892 5224 540ec1b0:03da 9849 Saad 5686 a9fb 7a26 4892 5224
00601c0: 14b6 d575 Se19 5571 2268 3049 4489 1684 540ec1cB:14b6 d575 519 5571 2268 3949 d489 1684
00801d0: 1aa8 6938 f5b5 dbaa 8al7 5d9d 624b 6196 540ec1df:1aaB 6938 f5b5 d6aa Bal7 509d 824b 6196
08001e6: elcb 5294 3969 0352 61d5 9aab GbBa 9894 540ecle@:elco 5294 3969 0352 6145 9aab 6bda 9894
0000170: €865 Ofae 5b9a G081 3bd2 79a0 B5ad a599 540ec1t0:e865 9fae 5b% 6981 3bd2 79a9 05ad a599
0000200: bfe6 9bS1 7d41a a92a a5f1 7079 deed a9s6 540ec200:bfes 0b51 741a ad2a a5fl 7d79 desd ag5e
0086210 ea%d b24a O%ef7 4e76 bbO6 65463 3962 foae 540ec210:ea9 bZda 9ef7 4276 bb96 €463 3962 T9ae
0000220: 67d7 664a 660d ba6d 6650 584 e284 ade3 540ec220:67d7 Gida 66dd ba6d GG5d 584 e284 adel
0860230: a719 3el® 7d36 54de 1aB9 7949 bSe7 678 540ec230:a710 aelf 7d36 54de 1a6d 70d0 b5e7 a678
0000240: f5dc 7a69 5231 a953 e6a7 db36 cI6f 5764 540ec240:f5dc 7a69 5231 ad53 e6a7 db96 c95T 5764
0866250: dSdf 774a 7eSa 7854 €165 1b9a 0425 90a9 540ec250:d5df 774a 7eSa 7854 c165 1b9a 0425 90ad
0000260: 5556 8925 d5d4 d13f 2793 7dc5 G6a2 a98s 5408C260:5556 8925 d504 OL3T 2793 7dc5 6632 a985
B800276: b946 464a D796 @655 95de 0356 199e aded 540ec270:0945 464a D796 3655 95de 0356 199e aded
0000280: de6l 5769 6919 bT96 f5db 69b7 7ad7 9611 540ec280:de6l 5769 6979 DF96 T50D 697 7347 9611
0860296: 9098 a4al 2bb2 5882 B191 6628 TeS9 4678 540ec200:9008 adal 2002 5882 8191 6628 Te5Q 4678
00002a0: 578a Oael a476 6asd f2fd eS6e 1484 5510 540ec2a0:578a Oael a476 6asd T2fd eS6e 1484 5510
08002b0: 6400 179a 5592 1laf 2182 98eb c482 8399 540ec2b:6400 179a 5592 1laf 2182 YBeb cd82 8399
00802c0: 465d a982 bbby 1d9d 4784 4aB9 9c73 bdbd 540ec2c0:4051 3982 bbbY 1d9d 4784 4309 9c/3 babs
008002d0: 7439 667f 1a66 2eae 8ab8 2c43 c9ld e7de 540ec200:7439 6671 1366 2eae 8a68 2c43 c9ld e79e
08002e0: eSfc d3dd 9aed 9675 29¢6 8504 fa6a elbb 540ecze0:e5Tc dsod 9aed 9675 29c6 8504 Tasa e1D6
0090270: 9598 eSe7 43ab alaa bbad 5120 aada 0d86 540ec2T0:9598 eSe/ 4aab alaa bbad 5129 aasa 9d86
0000300: b77b 9595 9747 569e 2801 812 GBS a661 540ec30@:b770 9595 97d7 569e 2801 812C 68F5 a661
0000310: 2512 99e0 €767 6963 T6a6 eSbd aedS da67 540ec310:2512 9980 e767 6963 T6a6 e5b4 aeds dabl
©000320: d92b 9196 d515 2999 1969 aB89 b257 fde? 540ec320:d920 9196 d515 2999 1969 a88Y b257 Tdel
0060330: 5af8 adf6 4fes 955a 2580 Scée 1daS cIch 540ec330:5a8 adTe 4Tes 9553 2589 Scee loas c9ch
0000340: 494c 76a5 65fc 776d leab 59ba Baal 2224 5408C340:494C 7ba5 65TC 776d leab 59ba Baal 2224
0000350: 6ab7 5b16 59b8 a654 67e9 aged 1694 7291 540ec350:6aD/ 5b16 59C8 2654 67e9 a8e9 1694 7291
0060360: 2198 aa4l cab5 26a2 6227 6bd7 3587 d4b5 540ec360:2198 3a4l caB5 26a2 6e27 6bd7 3587 d4b5
0060370: dad5 Gase aad2 76¢0 de2b 2116 49a5 dc95 540ec37@:dads 6aSe aad2 76cO delb 2116 4935 dc9s
0000380: 4236 0926 2322 1059 4ccd 2ab4 83b2 56T 540ec380:42a6 8926 2aa2 1059 dcc aabd B3p2 a56T

(b) Transmitted data set.

Comparison between original and transmitted

(a) Original data set.
Figure 13.
data sets (16 hexadecimal output).
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