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Outline
1. CVN in Chang’E-3 mission

2. CE-3 X-band Delta-DOR

3. MEX Interplanetary scintillation observation
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CVN, providing VLBI
delay, delay rate, orbit,
and angle data to Beijing
Center. CE-1, CE-2, CE-3,
CESTL.
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CVN upgrade in CE3

1 UCHINESE VBT NETWORK:

:::::

1. New VLBI data center
2. Shanghai Tianma 65m radio telescope
3. New X-band receiver & digital terminal

4
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2. CE-3 X-band Delta-DOR

qursn _%%__ Five-minute scan sequence:
SN smeemT (O asar-CE3-Quasar-CE3
' : Angular distance between CE-3 and
€ i Quasar < 10°
& e Remove media & system errors
NN

BASELINE \‘&

Peter Kroger: ADOR spacecraft tracking
Fig. 1. Geometry of a typical ADOR observation.
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Flpc F2pc
. :
F1L2 F2L2 F1L1 FIR1 F2L1 F2R1 F1R2 FoR2 4
[ [] [ [] \ \‘ I I B [[] 1]
«7.TMHz=>  «7. TMHz
- 38. bMHz -
< 38. 5MHz >

Two series of DOR signals, F1 and F2, located at both sides of the detector.
One is coherent(10™ ~10™), the other is non-coherent(10° ~10™).
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FX correlator in CVN

Signal from Signal from
station A station B

v v

Model for A Fringe stop Fringe stop

Model for B

A

\ h J
FFT FFT

Corr of A&B<J

Amp and
phase

v

Y
Fringe Fit

\J

Bandwidth { (
synthesis Quasar

v

Delta - DOR



http://202.127.29.4/tbjs.htm
http://202.127.29.4/tbjs.htm

&)+ 843w ITEEY: E
NI CHINESEACADENY OF sciknCEs Shanghai Astronomical Observatory
FX correlator on DOR

Samplerate 4AMHz
Bandwidth 2MHz

3. FFT point 1024
E.
é ol T “  CNR loss due to
© 205 Batuy 2 | RN Spectral resolution:
0kp, 42 .' -.' -".'--"TO
-20 ﬁ : "rt‘ “‘m o ’ 10 |0910 4000000 ~18dB
-40? ,LM LR i V1024
5 -60 - =-4
0 1 2

Frequency(MHz)
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Residual statistics

O VLBI group delay residuals(X-band Delta-DOR):
~ 1ns In trans-lunar orbit
~ 0.5ns in lunar orbit.

VLBI Delay Data Fit Cunit: ns)
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A different correlator from FX correlator

Toor () =

coherent

Pgq (L) + pg, (&)

IOAd (to) + pAu (to) |

C

C

:tz_tlz

Tpor (to) =

non-coherent

Pid (to)

ey,

C

C

—t -t

Rogstad, Stephen P., et al.2009; Luciano less, Ricard AbellOPuyuelo, Alessandro
Ardito, et al. The European ADOR Correlator.
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Correlator

L1 Input: transmit frequency f,

3 Wt [ 0
5, (t) = Re[ aexpi(27Mft + ¢, ) | i Transmit signal
Delay, Ty
5, (1) = Re[aA expi(27Mf, (1= 7,0 (1)) + ¢ )} i e
5, (1) = Re[aB expi (27 My (t— 7,005 (1)) + ¢0)} e ot

Spm(t) = EXPI (27z|v|fo (= Zgeonm®) )+ ¢0)
S (8) =2 XDI[2MEy (2 (1)~ T (D) + 1]

sA(t) 1S a slow varying signal with low frequency.



http://202.127.29.4/tbjs.htm
http://202.127.29.4/tbjs.htm

O RACKETE

Y CHINESE ACADEMY OF SCIENCES

Data process

CE-3, s3c07a, s3c08a,
s3c09a,

100*100km lunar orbit
Samplerate:4MHz
Bandwidth:2MHz
Quantification:2bit

0001 3C273B
0002 1334-127
0003 SAT-CEO3
0004 1741-038
0038 2128-123
0039 SAT-CEO3
0040 2128-123
0041 SAT-CEO3
0042 2128-123
0043 SAT-CEO3
0044 2128-123
0045 SAT-CEO03
0046 2128-123
0047 SAT-CEO3
0048 2128-123
0070 2128-123
0071 SAT-CEO3
0072 2134+00
0073 SAT-CEO3
0074 SAT-CEO03
0075 2134+00
0076 SAT-CEO03

Xk XX G

Shanghai Astronomical Observatory

2013-12-07 02:43:00 2013-12-07 03:11:00 BjKmUrTm

2013-12-07 03:13:00 2013-12-07 03:42:00 BjKmUrTm
2013-12-07 03:46:00 2013-12-07 03:53:00 BjTm

2013-12-07 03:56:00 2013-12-07 04:01:00 BjKmUrTm

2013-12-07 08:21:00 2013-12-07 08:26:00 BjKmUrTm
2013-12-07 08:27:00 2013-12-07 08:35:00 BjKmUrTm
2013-12-07 08:36:00 2013-12-07 08:41:00 BjKmUrTm
2013-12-07 08:42:00 2013-12-07 08:50:00 BjKmUrTm
2013-12-07 08:51:00 2013-12-07 08:56:00 BjKmUrTm
2013-12-07 08:57:00 2013-12-07 09:05:00 BjKmUrTm
2013-12-07 09:06:00 2013-12-07 09:11:00 BjKmUrTm
2013-12-07 09:12:00 2013-12-07 09:20:00 BjKmUrTm
2013-12-07 09:21:00 2013-12-07 09:26:00 BjKmUrTm
2013-12-07 09:27:00 2013-12-07 09:35:00 BjKmUrTm
2013-12-07 09:36:00 2013-12-07 09:41:00 BjKmUrTm

2013-12-07 12:21:00 2013-12-07 12:26:00 BjKmUrTm
2013-12-07 12:27:00 2013-12-07 12:35:00 BjKmUrTm

2013-12-07 12:36:00 2013-12-07 12:41:00 BjKmUrTm
2013-12-07 12:42:00 2013-12-07 12:46:00 BjKmUrTm
2013-12-07 12:46:00 2013-12-07 12:55:00 KmUr

2013-12-07 12:56:00 2013-12-07 13:01:00 BjKmUrTm
2013-12-07 13:02:00 2013-12-07 13:12:00 KmUr
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Power spectrum(dB)

Shanghai Astronomical Observatory

Recelved signal by VLBI station

s3c09a BJ
10
0 F1L2 F2L2 Flpc ‘FlRl F2pc F2R1 F1R2 F2R2
0 CNR of s3c09a BJ(dBHz)
-20
-30
. L2 pc R1 R2
' F1, coherent 40 50 40 40
-0 F2,non-coherent 28 40 30 25
-60
70 r CNR: 10*log(power of signal/noise)
8.45 8.46 8.47 8.48 8.49 8.5

Frequency/Hz

x10°
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Coherent

In the coherent situation, the transmitted frequency f, from uplink
station is exactly known.

Initial model

Signal from
station A and B @’ 2, D) PLL

Bandwidth Differential phase F and phase from
-« ; : :
synthesis of two stations single station

<De|ta-DOR<+
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Take s3c09a as example

— 2000 ] ] _ ]
E O_(a), \ ’ I ’ 200 it.)')i - :
3 2000 - 0o- ” '. )
5 -4000-“1 \] \I \’ | NN
g YT =M
< o 1w oy
%-10000- \ \\\ \“ \\ LN N )
ccfu-zoooo- : 2“" m m w

6 8 10 12 Time(hourg-s 8§ 10 12

After integral filter After PLL

BJ KM UR TM

Frequency(mHz) 8.23 529 94 11.3
Phase(rad) 0.11 0.26 0.13 0.13
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Phase compared with FX correlator
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Phase compared with FX correlator

Baseline

BJ-KM
BJ-UR
BJ-TM
KM-UR
KM-TM
UR-TM

Phase precision from new method is better than the FX
correlator.

s3c07a
New FX
0.29 0.35
0.13 0.35
0.13 0.20
0.27 0.40
0.29 0.39
0.17 0.39

>

s3c08a
New FX
0.28 0.38
0.20 0.35
0.15 0.22
0.29 0.40
0.30 0.40
0.15 0.38

s3c09a
New FX
0.25 0.38
0.11 0.37
0.14 0.27
0.28 0.38
0.28 0.40
0.12 0.39
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Non-coherent; Estimate foat first

. X 109 s3c09a transmit frequency of F2pc

iS 47981+ . - - : o - T,

5 NN 7y /N
©38.4798¢- . " .
=} ’ . L4

g \ d \ [ ] . '\ \ :'

= 8.4798,- . .. s
% r r r r v oL r i LS
= 7 8 9 10 11 12 13 14 15

difference between continuous two pomts

'!il' ‘i ii iiali ‘ijii

tlme(hour)

20

frequency(Hz)
O

-20

Frequency difference between adjacent points is in the range of -10~10Hz
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Difference transmit frequency between two stations

s3c09a different transmit frequency between two station

BJ-KM BJ-UR
0.5 0.5 _ —
mean=-28mHz std=74mHz mean=-36mHz std=74mHz
-0.5 = -0.5 - = = : -
16 6 8 10 12 14 16
BJ TM KM-UR
%‘ mean -36mHz std=50mHz 0.5 mean=-7.2mHz std=93mHz
c Or 7
o |
> 2
O
S“j . 05 . . . i L
16 6 8 10 12 14 16
KM TM
0.5 - - 05 — —
mean=-8.5mHz std=73mHz mean=-0.79mHz std=84mHz
: lﬂl! 211113
d H
-0.5 -0.5 - = = : -
6 14 16 6 8 10 12 14 16
Time(hour)

Frequency std is about 100mHz
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Orbit determination results

Orbit determination between two correlator, F1

Delta-DOR+range(RMS)  Delta-VLBI+range(RMS) Difference with 61+62

code
71 51(m) 61(ns) 51(m) distance(m) velocity(mm/s)
s3c07a 0.3 2.96 0.3 1.68 26.3 20.0
s3c08a 0.4 1.28 0.3 1.65 24.6 20.3
s3c09a 0.4 0.40 0.5 0.42 8.9 9.3
Orbit determination between two correlator, F2
code Delta-DOR+range(RMS) Difference with 61+62
73 51(m) distance(m) velocity(mm/s)
s3c07a 0.67 4.3 29.3 22.4
s3c08a 0.67 1.27 15.3 13.4
7.0

s3c09a 0.67 0.42 7.0
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Error analysis

Table 1 ADOR error budget

Toris Error (ns)
5o* 10°*
Noise floor 0.3~0.5

Troposphere** 0.10 0.20

Instrumental phase ripple 0.10
Ionosphere 0.06 0.09

Clock instability 0.06
Earth orientation 0.05 0.10
Station location 0.04 0.08

Quasar position and structure 0.05
RSS 0.50 0.60

*. Angular seperation between satellite and quasar

**. Assuming elevation angle 45°

Wu Wei-ren, Wang Guangli, et al. 2013
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Conclusion

1. The delay residuals after orbit determination are 0.5ns and
0.7ns respectively. The CNR of F2 is 10dB weaker than F1.

2. The phase from the result is better than FX correlator, while
no improvement in orbit determination, system errors from
CVN should be estimated.

3. The method reported here is more suitable for weak signal
process compared with FX correlator.
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3.MEX Interplanetary scintillation observation

MEX is flying around Mars. Sheshan 25m radio telescope have observed MEX
from 2014.11~2015.9. The observations are conducted by JIVE.

60— 3 200
g @ S
k5 < 1501
g4 3
S S 100
[ . —
o o
© 20+ ©
3 £ 50F
3 3
S
0 : : : L © : . f
5.7 5.71 5.72 5.73 2 D59 57 571 572 573
MJD 10" MJD < 10°

Solar elongation and minimum heliocentric distance vary from 2014.11~2015.09

Orbit of MEX is got from ESA/ESOC. G. Molera Calves, et al. 2014.
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Phase variation(rad)

)
=)

0 1000 2000 3000 4000 5000
Time(s)

Phase  Frequency

11Re 21.2rad 16mHz
160Ro 0.1rad 3mHz
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Phase spectral power density at R=11R® and 160 Ro Slope of phase spectral power density

Close to Komlogorov index 8/3

Komlogorov Turbulence, 3mHz~0.3Hz, 1300km~130000km
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Theory to explain phase scintillation

AX
- .
Inhomogeneous random medium
Refraction
Input signal Output signal
put sig ’O\O O put sig
O
x=0 x=L

Refraction index n(x,t) , Taylor frozen-in hypothesis.
Structure function

Cn (X) =Cno eXp|:_[Xa_ :;2 J:|
1

1- [1]
W (f) =0.033c,,, k2 8r°a;R [Z“fj " Il(p-0)/2JF Woo R, Yang F C. et al.1976

L L I'(p/2)

f
cszzLZWS(f)df
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refraction structure constant

L L L N L
° p=3.3
model
1.5 B T 4 -
1 Engress

120 T/ L . -
Ingress T T

-1

7

-12.5

IOg‘IO(CnO)
1

-13

-13.5

14

-150 -100 -50 0 50

d
Co=C| |  c=(38+27)x10°  d=-198+027 In Woo’s paper(1976), d 1s
R close to 2.1
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Conclusions with IPS

1.We use a single VLBI station to observe MEX. Doppler is used
for IPS research. The method can be used in future Chinese Mars
solar conjunction.

2.Solar wind and IPS theory are proposed in the 80s in last
century. The research work reported here just confirmed earlier
theory. Where is the break through point in solar wind and IPS
research?
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