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Abstract 
Following the success of the VLBI Space Observatory Programme (VSOP), a next generation space VLBI mission, 
currently called VSOP-2, is being planned. The mission will provide a downlink data rate of 1 Gbps to improve 
sensitivity in observing continuum emission.  A possible band based on frequency allocation regulations is 37-38 
GHz for this data transfer. The uplink frequency for frequency and phase transfer, on the other hand, will be 40 GHz. 
We adopt an OFDM (Orthogonal Frequency Division Multiplex) method for the data transfer to reduce the outband 
emission. The link budget is more severe than that of VSOP, but the reasonable design is possible. 
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1. INTRODUCTION 
 

Space VLBI synthesizes a telescope larger than the Earth.  ISAS's launch of the HALCA satellite in 
1997, as part of the VLBI Space Observatory Programme (VSOP), has allowed sub-milli-arcsecond-scale 
imaging at 1.6 GHz and 5 GHz [1].  VSOP-2 mission is being planned in Japan in collaboration with 
international partners for a launch as early as 2011. Fig. 1 shows a schematic view of VSOP-2 satellite. 
The scientific objectives include high angular resolution imaging of the cores, jets, and accretion disks of 
active galactic nuclei (AGN), water vapor maser sources, and the coronae of young stellar objects. With a 
planned apogee height of 25,000 km above the Earth's surface, an angular resolution of about 40 micro-
arcseconds will be achievable in the 43 GHz band. 

In order to improve sensitivity in observing continuum emission, the received signal will be sampled 
at the rate of 1 Gbps. And the data will be transmitted to a ground link station. Observation system of data 
rate of 1Gbps has been realized on some ground stations.  However, there are many technical difficulties 
in realization of such system in space. This paper shows a current design of the VSOP-2 data acquisition 
system, result of a software simulation of the downlink system using OFDM (Orthogonal Frequency 
Division Multiplex) method and a link design of the downlink. 

 
Fig.1. Schematic view of VSOP-2 satellite 



 
Fig.2. Block diagram of the data acquisition and link system 

 
2. VSOP-2 DATA ACQUISITION AND DOWNLINK SYSTEM 
 

The overview of the data acquisition and link system is shown in Fig. 2. Six RF signals are received 
and two of them are down-converted to base band and sampled at the rate of 1 Gbps.  If quantization of 2 
bit is assumed, the maximum total bandwidth will be 256 MHz per base band signal.  

 

 
Fig.3. Block diagram of the software simulation 

 



We plan to adopt the OFDM method with 8 or 16 channel QPSK modulations to reduce out-of-band 
emission for the downlink. OFDM signals are sensitive to non-linear distortions in the high power 
amplifier. A TWTA (Travelling Wave Tube Amplifier) will be used in the mission. We have studied the 
effect on the BER (Bit Error Rate) from the TWTA non-linearity using MatLab software. The simulation 
consists of 8 channel QPSK modulators, a non-linear distorter, an additive white Gaussian noise, 
demodulators and BER measurements as in Fig.3. The nonlinear characteristic which is applied in the 
simulation is that of an existing 20 GHz TWTA. The AM/AM and AM/PM characteristics are shown in 
Fig.4.  The result of the simulation (Fig.5) indicates that back off of about 2 dB is needed for allowable 
maximum BER of 10-2. In the future, development of a 37-38 GHz TWTA for VSOP-2 and 
measurements the non-linearity will be important.  

The likely downlink frequency band, based on frequency allocation regulations, is 37-38 GHz for the 
1 Gbps transfers of broadband data. The narrowband signal used for frequency and phase standard 
transfer to the satellite from ground stations as well as VSOP, will be transmitted at 40 GHz. 

The modulated signal is transmitted by an 80 cm on-board antenna to a ground link station with a 10 
m antenna. The link design of the downlink based on conservative condition is shown in Table 1. The 
backoff of 2 dB for amplifier is included in the transmitting power. The table shows that the link budget 
of the downlink on 2mm/h rain condition is severe, but a reasonable link design is possible.   

 

  
Fig.4. AM/AM and AM/PM characteristics used in the simulation 

 

  
Fig.5. BER improvement by Output Back Off (OBO) 



 
  Table1. Downlink link design per one carrier of 64 Mbps, Ground antenna elevation: 10deg. 
 

Fine case Rain case unit comment 
Transmitter output power +29.0 +29.0 dBm 20 W/16ch (2 dB Back off) 
Transmit antenna feed loss -5.5 -5.5 dB D:80 cm, efficiency:65% 
Transmit antenna gain +48.1 +48.1 dBi 3.0x104km 
EIRP +71.6 +71.6 dBm  
Pointing loss -0.4 -0.4 dB  
Free space loss -213.5 -213.5 dB  
Atmospheric attenuation -1.9 -2.2 dB 2mm/h in rain condition 
Rain loss 0 -8.0 dB 2mm/h in rain condition 
Polarization loss -0.2 -0.2 dB  
Receive antenna gain +70.0 +70.0 dBi UDSC 10 m antenna 
Receive antenna feed loss -2.0 -2.0 dB  
Received power -76.8 -85.1 dBm  
System noise temperature 21.5 24.7 dBK Tsys: 140.0K 
Noise power spectrum density -177.1 -173.9 dBm/Hz  
C/No +100.3 +88.8 dBHz  
Required C/No +86.5 +86.5 dBHz  
Link margin +13.7 +2.2 dB  

 
 
3. SAMMARY 
The current design of the data acquisition and link system of the VSOP-2 mission are discussed. To 
realize the data rate of 1Gbps in VSOP-2, OFDM method will be adopted. The software simulation has 
been carried out in order to discuss effects of non-linear distortion in amplifier on BER and back off. The 
link design is also discussed. The link budget is more severe than that of VSOP, but the reasonable design is possible. 
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