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Abstract This report summarizes the activities of
the Shanghai VLBI Correlator during 2015 and 2016.
Highlights include the intensive and reliable DiFX op-
eration, growing e-VLBI connection with international
stations, conversion of the CVN correlator output to
the Mark IV file system, fringe tests for Tianma65, and
running PIMA analysis.

1 Introduction

The Shanghai VLBI Correlator is hosted and operated
by the Shanghai Astronomical Observatory (SHAO),
at the Chinese Academy of Sciences (CAS). It is lo-
cated at the Sheshan campus, about 40 kilometers from
the Xujiahui headquarters of SHAO. The Shanghai cor-
relator plays a leading role in the data processing of
the Chinese VLBI Network (CVN), inclusive of the
CMONOC project for monitoring the Chinese regional
crustal movement and the Chinese deep space explo-
ration project for spacecraft tracking.

As shown in Figure 1, Shanghai (including Se-
shan25 and Tianma65), Kunming, and Urumqi par-
ticipate in some domestic geodetic and astronomical
sessions, while the Beijing station is mainly used for
spacecraft data downlink and VLBI tracking. A few
joint observations with the Chinese deep space stations
Kashi and Jiamus were also performed.
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The Shanghai correlator was accepted as an IVS
correlator in March 2012. It began to correlate the IVS
data using the DiFX in 2015. In the long run, our goal
is to correlate a weekly IVS observing session on a reg-
ular basis.
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Fig. 1 Distribution of the VLBI stations in China.

2 Component Description

We are operating two types of correlators. The CVN
correlator developed by our own staff has been opera-
tional since 2006. It is mainly used for spacecraft VLBI
tracking in the Chang’E lunar exploration project by
producing differential VLBI observables. The data la-
tency is less than one minute in real time mode, and
the typical accuracy is better than 1 ns. It has also been
used to correlate a few tens of CMONOC geodetic ses-
sions before 2014. The other one is the DiFX soft-
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ware correlator, which is dedicated to astrophysical and
geodetic data correlation.

The DiFX software was installed on a powerful
hardware platform in December 2014, with a 420 core
cluster system and a 430 TB storage space, as shown
in Figure 2. This new platform is very important for
the IVS data correlation. In the routine operations, half
of the computing and the storage sources are assigned
to the geodetic correlation tasks. Features of the DiFX
cluster system are listed as follows:

• DiFX 2.2/2.3/2.4/trunk, HOPS 3.9/3.10/3.11/3.12
• Head nodes: DELL R820 (E5-4610 CPU, 2.4 GHz,

2*6 cores), 64 GB Memory, DELL R730 (E5-2623
CPU, 3.0 GHz, 2*4 cores), 64 GB Memory.

• Computing nodes: 20 DELL R630 nodes, two
socket Intel E5-2660 CPU (2.6 GHz, ten cores), 64
GB Memory, 400 cores in total

• I/O nodes: RAID6, 432 TB raw storage capacity
• Mark 5 units: three Mark 5A and three Mark 5B.
• 56 G Infiniband for internal computing network

connection
• 1/10 G Ethernet for internal and external network

connection

Fig. 2 DiFX cluster system and Mark 5A/B units.

3 Staff

The people involved in the operation and development
of the Shanghai Correlator are listed below.

• Weimin Zheng: group head, software correlator,
and VLBI terminal development

• Xiuzhong Zhang: CDAS and other technique devel-
opment

• Fengchun Shu: scheduler, experiment oversight,
and CDAS evaluation

• Zhong Chen: e-VLBI and cluster administration
• Wu Jiang: DiFX operation and experiment support
• Tianyu Jiang: DiFX operation and experiment sup-

port
• Wenbin Wang: media library and experiment sup-

port
• Zhanghu Chu: operator and experiment support
• Renjie Zhu: CDAS development
• Zhijun Xu: FPGA programming and hardware cor-

relator development
• Juan Zhang: software correlator development and

maintenance
• Li Tong: software correlator development and

maintenance
• Lei Liu: post-doctoral fellow and software correla-

tor development

4 Summary of Activities

4.1 DiFX Correlation

For regular IVS data correlation, we use the DiFX,
HOPS, and Dbedit software to generate Mark III
database files and submit them to the IVS Data Center,
in a similar way that the other IVS correlators do.

In order to make the correlation results reliable,
we made comparisons with the Bonn correlator of the
CRF86 and CRF87 sessions in 2015 and the K16095
session in 2016. Although the two correlators used dif-
ferent parameter configurations, the total delay observ-
ables can be used for comparisons. The results show
that the WRMS of group delay differences is less than
2 ps at X-band and less than 8 ps at S-band, far below
the measurement thermal noises.

4.2 e-VLBI

The network link to Seshan25 and Tianma65 is
10 Gbps. The network link to the Urumqi, Kunming,
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and Beijing stations is 155 Mbps for domestic e-VLBI
observations. For the future Chang’e 5 lunar mission,
we have planned to make data transfer at a 128 Mbps
data rate for each station.

In order to process IVS global sessions, we have
established the network link to most of the IVS sta-
tions, the Bonn correlator, and the Haystack correlator
as well. The maximum data rate is 1 Gbps. All interna-
tional stations except Kokee e-transfer data to Shang-
hai.

4.3 Development of the CVN Software
Correlator

We implemented offline software, cvn2mk4, which can
convert the CVN correlator output to the Mark IV file
system, so that the correlation results could be pro-
cessed by HOPS. Other offline software, cvn2fits, can
make the CVN correlator output to be loaded into the
AIPS for imaging.

In 2016, we processed the K14349 and cn1502
sessions with the CVN software correlator and the
DiFX respectively. Then the correlator output was pro-
cessed by the HOPS. Comparisons were made of the
SNR, group delay, and delay rate. The results indicated
that the group delay and rate observables agree well,
while the SNRs produced from the CVN correlator are
slightly less than those from the DiFX correlator. The
comparison of SNR differences for K14349 is shown
in Figure 3.

4.4 Running PIMA Analysis

The VLBI post-correlation analysis software PIMA
was developed in recent years, aimed at absolute as-
trometry and radio imaging with high efficiency and
weak fringe detection. We installed the PIMA in 2015,
which performs phase calibration, complex bandpass
calibration, and fringe search with advanced methods.

For some VLBI experiments correlated at SHAO,
such as APSG, AOV, and VEPS sessions, we gener-
ated FITS-IDI formatted data and ran PIMA analysis
regularly. Figure 4 shows the data flowchart based on
the HOPS and PIMA software.
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图 5： k14349 信噪比的相对差异，以直方图表示。横坐标为 CVN 结果相对于 DiFX 结

果的差异，以百分比表示。 
 

3.2 带宽综合总时延和总时延率精度比较 

条纹拟合程序得到残余时延（率）后，将其和对应时刻模型时延（率），以及钟

差（速）相加，得到总时延（率）。本节比较所采用的原始数据为 CVN 组织的乌鲁木

齐南山站（Ur）改造后的站坐标测定试验，观测代码为 cn1502。北京密云、上海佘

山、云南昆明和乌鲁木齐南山，4 个 CVN 台站参加（代号 Bj，Sh，Km，Ur），采用

S/X 双频共 16 个频率通道，每通道带宽 8MHz；观测时长 24 小时，共 227 个 scan。观

测数据分别用 DiFX 和 CVN 软件相关处理机处理，各自采用独立的时延模型。处理机

结果采用 fourfit 做条纹拟合，两组数据剔除的相同的坏频率通道。由于 Bj 站没有注入

相位校正信号，各台站相位校正均采用手动模式，并对两处理机数据对应通道采用相

同的校正值4。 
 

图 6 显示了 cn1502 各基线精度差异。每幅图从上到下依次是：带宽综合总时延

差异，总时延率差异，信噪比差异。由图可知，WRMS 与信噪比呈反相关关系，信噪

比较低时 WRMS 较大。在本次观测中，Ur 站由于 X 频段馈源两个 IF 的极化均接反，

导致 Ur 站与极化正确台站的相关基线在 X 频段上信噪均较低，普遍在 20 以下（图

f，j），但 Sh 站 X 频段两个 IF 的一个极化也接反，恰好和 Ur 站一致，导致对应 Sh‐Ur

基线 X 频段信噪比反而较高，总的效果介于全部接反和全部正确之间（图 l）。除 Ur

站以外的其余基线 X 频段信噪比较高，普遍高于 20，对应的 WRMS 均在 3  ps 以内

（图 b，d，h）。数据表明，两个处理机计算的总时延率符合很好，差异通常在 0.1 

ps/s 以内。 
 

                                                       
4 两处理机所采用不同的时延模型导致残余条纹的差异，基于两组数据各自进行相位校正会导致一

个恒定的相位差异，进而导致条纹拟合时各基线 10 ns 量级的恒定时延差异。这个恒定时延差异完

全由于相位校正时不同的初相造成的，不影响解算结果。为比较时延的弥散情况，拟合采用了相

同的相位校正值，以获得同样的初始相位。 

Fig. 3 Histogram of the relative SNR difference of the CVN cor-
relator with repect to the DiFX correlator in K14349.
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Fig. 4 Data flowchart based on the HOPS and PIMA software.

4.5 VEPS

We conducted 13 24-hour VEPS (VLBI Ecliptic Plane
Survey) sessions in the search mode. Seshan25, Kun-
ming, and Urumqi are core participating stations, while
Kashim34, Hobart26, and Sejong took part in the ob-
servations on an ad hoc basis. The data volume for
each station is approximately 16 TB, eight times bigger
than that recorded in regular IVS geodetic sessions, so
the data correlation of one VEPS session usually took
more than 24 hours.
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4.6 Experiments Correlated

Within the framework of the IVS, we correlated 11 ses-
sions in 2015 and 28 sessions in 2016. We also orga-
nized a few Chinese domestic geodetic VLBI experi-
ments and some VEPS observations. More details can
be found in Table 1.

Table 1 Statistics of experiments correlated.

Session Name 2015 2016
AOV 3 3
APSG 2 2
AUS-AST 0 7
AUS-GEO 0 6
IVS-CRF 6 6
IVS-CRDS 0 3
IVS-R&D 0 1
CN-GEO 5 4
VEPS 6 7

4.7 Fringe Tests for Tianma65

We conducted an X/Ka-band fringe test with
Tianma65, Badar13m, Zelen13m, and Wettz13n
on October 28, 2015. Fringes to Tianma65 were
found at Ka-band but not X-band. After a few more
fringe tests on the baseline Tianma65-Seshan25,
we conducted another X/Ka-band fringe test with
Tianma65, Badar13m, and Zelen13m on October 19,
2016. Tianma65 used the standard GEO mode, i.e., ten
IF channels spread over Ka-band and six IF channels
spead over X-band. The bandwidth per IF channel
is 16 MHz. The Russian stations used two IFs with
512 MHz bandwidth each, recorded in VDIF format.
We made correlations with the DiFX zoom band mode.
Fringes to Tianma65 were obtained at X/Ka dual band
for the first time, as shown in Figure 5 and Figure 6.

4.8 DiFX Meeting

The 10th DiFX Users and Developers Meeting was
held in Shanghai, October 30 – November 3, 2016.
More than 20 participants from nine countries and re-
gions were hosted by our correlator operation team
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Fig. 5 X-band fringes on the baseline Tianma65-Zelen13m.

Mk4/DiFX fourfit 3.12 rev 1320 3C454_3.zdwssv, No0006, LW
TIANMA65 - ZELRT13V, fgroup K, pol RR

8

62.7
118.979

3.806
99.8

0.0e+00

0.020673
0.000060

-0.042220
  0.000

30260.0000
2.048

RU0590
16383

2016:293
132206.00
132406.83
132306.00

2016:320:050813
2016:320:052200
2016:110:012737

22h53m57.7479s
+16˚08’53.561"

Fringe quality

SNR
Int time
Amp
Phase
PFD
Delays (us)
SBD
MBD
Fringe rate (Hz)

Ion TEC 
Ref freq (MHz)

AP (sec)

Exp.
Exper #
Yr:day
Start
Stop
FRT
Corr/FF/build

RA & Dec (J2000)

Amp. and Phase vs. time for each freq., 20 segs, 3 APs / seg (6.14 sec / seg.), time ticks 10 sec

U
Validity

L

L W

30244.00 Freq (MHz)
101.8 Phase
4.2 Ampl.
1025.8 Sbd box
59/0 APs usedU/L
0 PC freqsL
0 PC freqsW
0:0 PC phaseL:W
-3:0 Manl PCL:W

PC ampL 1000
1000W
K00UR Chan ids

L

K00UR Chan ids
W

30260.00
95.5
3.8
1026.0
59/0
0
0
0:0
-115:0
1000
1000
K01UR

K01UR

30292.00
98.4
3.7
1025.7
59/0
0
0
0:0
-293:0
1000
1000
K02UR

K02UR

30324.00
104.8
3.8
1025.8
59/0
0
0
0:0
-108:0
1000
1000
K03UR

K03UR

30356.00
99.6
3.7
1026.1
59/0
0
0
0:0
-273:0
1000
1000
K04UR

K04UR

30388.00
96.8
3.9
1026.9
59/0
0
0
0:0
-184:0
1000
1000
K05UR

K05UR

30420.00
101.1
4.4
1027.0
59/0
0
0
0:0
-150:0
1000
1000
K06UR

K06UR

30516.00
102.7
4.1
1026.9
59/0
0
0
0:0
-109:0
1000
1000
K07UR

K07UR

30564.00
99.8
3.8
1026.6
59/0
0
0
0:0
-63:0
1000
1000
K08UR

Tracks
K08UR

Tracks

30580.00
96.0
2.5
1026.1
59/0
0
0
0:0
-119:0
1000
1000
K09UR

K09UR

All
99.8
3.8

1026.3

Group delay (usec)(model)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

1.19837520921E+04
1.19837727049E+04
1.19837520411E+04

-1.17765655305E+00
274.6

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

1.19837520319E+04
-2.3669910E+01

8.7399998E-07
-1.17765515781E+00
-6.93913975507E-05

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)
Resid rate (us/s)
Resid phase (deg)

6.01552E-05
2.06730E-02
9.16387E-06

-1.39523E-06
99.8

+/-
+/-
+/-
+/-
+/-

2.2E-05
5.5E-04
1.7E-07
2.4E-09

1.8

RMS Theor. Amplitude 3.806 +/- 0.061 Pcal mode: MANUAL,  MANUAL PC period (AP’s) 5,  5
ph/seg (deg) 14.9 4.1 Search (128X128) 3.668 Pcal rate: 0.000E+00,  0.000E+00  (us/s) sb window (us)  -16.000   16.000
amp/seg (%) 7.1 7.1 Interp. 0.000 Bits/sample: 2x2 SampCntNorm: disabled mb window (us)   -0.031    0.031
ph/frq (deg) 3.2 2.9 Inc. seg. avg. 3.899 Sample rate(MSamp/s): 32 dr window (ns/s)   -0.008    0.008
amp/frq (%) 12.5 5.0 Inc. frq. avg. 3.780 Data rate(Mb/s): 640 nlags: 1024 t_cohere infinite ion window (TEC)    0.00     0.00
L: az 202.8  el 74.0  pa 20.4 W: az 89.4  el 23.2  pa -48.7 u,v (fr/asec) 2457.869  -1087.087 simultaneous interpolator
Control file: rf_4349    Input file: /Astro/ru0590/4000/No0006/LW..zdwssv    Output file: Suppressed by test mode

Fig. 6 Ka-band fringes on the baseline Tianma65-Zelen13m.

(Figure 7). There were 21 oral talks presented at the
users meeting, which was arranged for the first two
days. Then the developers worked together in the next
three days for planning the DiFX updates. During the
meeting, an excursion was arranged to visit the Shang-
hai correlator located at the Sheshan campus and the
Tianma Radio Telescope.

Fig. 7 Participants of the 10th DiFX Users and Developers
Meeting.
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5 Future Plans

We plan to correlate 31 observing sessions assigned by
the IVS in 2017. To ensure that the final results are re-
liable and convincing, we plan to make comparisons
with other IVS correlators, focused on the use of multi-
tone phase calibration. We will continue to support the
data correlation of the Chinese domestic VLBI obser-
vations with a growing number of experiments and sta-
tions.

We will continue to develop the CVN software cor-
relator in order to use it to process some geodetic ex-
periments. Construction of the Seshan VGOS station is
scheduled to be finished in 2017. It will be challenging
to obtain real VGOS data for trial correlation.
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