
COMPATIBILITY TESTS BETWEEN
MIL DATA GENERATOR AND USUDA TRACKING STATION

L. D'Addario, 96/12/23

During the week of 16-20 December 1996, major components of
the Usuda tracking station were located at the Sagamihara campus of
ISAS for final tests of the VSOP spacecraft. During breaks in that
t,e4t.i.pamotateee tbout two working days) , the recently developed
JPL VSOP Data Generator (JPL-DG) [1] was used with the Usuda station
electronics to establish the validity of the Data Generator's output.
Note that similar tests had been done earlier with the Goldstone and
Green Bank [2] stations. As time permitted, additional tests of the
characteristics of the Usuda station were also carried out.

In summary, no difficulties were encountered. The Usuda
equipment was able to decode both the header portion and the data
portion of the frames produced by the JPL-DG. Baseband signals
consisting of tones of variable amplitude and frequency were used to
do bit-level tests of the digitization format. Broadband noise
signals (from a JPL noise generator assembly) were used to check the
sample statistics vs. power. The Usuda correlator was used to derive
autocorrelation spectra for various baseband signals. In all cases,
the results were as expected. Finally, a recording on VSOP tape was
made using a variety of baseband signal combinations; it is planned
that this will be copied to VLBA tape and sent to Socorro for study.

SETUP

A block diagram of the equipment configuration is shown in
Figure 1. All of it was set up in the "checkout room" of the
satellite test building at ISAS, with the actual VSOP spacecraft
present in an adjacent clean room.

We provided for a variety of inputs to the JPL-DG, including
the "prompt" and "delayed" noise outputs of the JPL noise generator,
and a synthesizer that was coherent with the data clock. Each of
these three signals could be connected to either the A or B input, as
shown. The noise levels were varied by the front panel attenuator of
the noise generator (labeled \alpha in Fig 1), and the tone level was
varied by an HP step attenuator (labeled \beta). Absolute levels were
checked on a power meter and spectrum analyzer.

The digital outputs of the JPL-DG drove the QPSK modulator in
the Japanese VSOP Simulator. (The Simulator has its awn data
generator, which was not used.) The modulator includes differential
encoding, so the encoding feature of the JPL-DG was always turned off.
The Simulator was coupled at 14/15 GHz via coax to an upconverter and
downconverter like those of the tracking station; these were part of a
test rack being used with the satellite, since the actual RF
electronics of the Usuda station remained at Usuda. The resulting IF
downlink signal (140 MHz carrier) was brought into the first of three
racks of actual tracking station hardware.

Frame synchronized bitstreams are sent in parallel to the TLM
(telemetry) Extractor, Tone Detector, and recorder interface. Only
the VSOP recorder (not the VLBA) was on hand. The Tone Detector can
measure one frequency at a time, but it can do both channels
simulaneously (in 2-channel modes). It has a front-panel readout of
amplitudes and phases, but it was also connected to a PC for control
and data recording. The VSOP recorder is also controlled by a PC,
which can capture large segments of the data stream for analysis.
Software was available for such things as display by channel and bit,
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computation of digitizer state statistics, and soft sync detection; 
this proved to be very valuable. Finally, a real-time correlator 
receives the same bitstreams via the VSOP recorder. It is really a 
1-baseline VLBI cross-correlator, but here it was used only for 
autocorrelations. It has another PC for control, output data 
collection, spectrum computation, and display.

Control and monitoring of the tracking station modules was 
dependent mainly on front-panel buttons and displays because the 
station control computers also remained in Usuda. The available 
indicators are shown in Figure 1. The main ones used were "Carrier 
Lock" and "Clock Lock" on the QPSK Demodulator; "Lock On" (frame sync) 
on the Frame Synchronizer; and "Fr Cntr Error" and the hex display of 
header data contents on the TLM Extractor. The latter displays data 
from any two selected I D s .

BASIC TESTS

The JPL-DG and noise generator were operated from the local AC 
line without adapters or transformers. Line voltage in the "checkout 
room" of the Environment Test Building, where everything was set up, 
measured 104 Vrms (cf. 100 V  Japanese standard).

With data supplied b y  the JPL-DG, and with its inputs driven 
by the JPL noise generator, the Usuda demodulator achieved carrier and 
clock lock immediately, and the Usuda decoder achieved frame sync 
immediately. Lock was retained in all three modes, w ith only a few 
frame sync errors being noted during the mode c h a n g e s .

HEADER DATA VALIDITY

The Usuda TLM Extractor module provides front panel 
hexidecminal displays of the contents of any two header data types; by 
cycling through all 16 types, the fixed pattern of the JPL-DG was 
found to be correctly decoded. The TLM Extractor also has a front 
panel LED to indicate errors in the frame counter byte (W4); it is not 
clear exactly what this indicator means, but no error was indicated.

This provides a fairly good indication that the header data 
format is correct. It does not show directly whether the 2 5 - frame 
repetition or the 2-sec cycle through all data types conforms exactly 
to the specification, but such detailed checks were made at G reen Bank 
[2], so there is little doubt.

The Usuda Frame Synchronizer module passes the entire data 
stream, with headers, to the K4/VLBA Interface module. The latter 
normally replaces the header portion with pseudo-random noise, but 
optionally it can pass the header data unchanged to the recorder.
This was done during parts of these tests, and short segments of data 
were recorded. During playback, blocks of data can be captured by a 
computer and analyzed. In this way, some headers were checked 
bit-by-bit; although an exhaustive verification of the format was not 
attempted, the general pattern was as expected, including the frame 
count (W4) and ID (W5) bytes.

SIGNAL SAMPLES

The data portion of the frames, containing the digitized 
signals, was checked in numerous ways.
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A. Sinsoidal signals, bit-level check

First, a 2.0 MHz coherent tone was inserted into one channel, 
with the other channel's input terminated, and the level was varied, 
as follows:

Case No. Chan 1 (A) Chan 2 (B ) Mode
1 -6.8 dBm Term 2b,2ch
2 +6.3 Term 2b,2ch
3 -16.8 Term 2b,2ch
4 Term -6.8 dBm 2b,2ch
5 -6.8 Term 2b,lch
6 -6.8 Term lb,2ch

Tape recordings were made and the captured bitstreams were examined in 
detail upon playback. The analysis software is able to separate the 
bits b y  their intended meaning (e.g., in Mode 3, there are four bit 
types: Chan 1 MSB, 1 LSB, 2 MSB, 2 LSB). Whereas the signal was 
coherent w i t h  the sample clock, the data are periodic. In this way, 
precise checks of the digitization format were accomplished. Figure 2 
shows a listing of a short portion of captured data for each of the 
above c a s e s .

First, compare cases 1 and 4, which are the same except for 
swapping the channels. It can be seen that both bits of the channel 
containing the signal have a period of 16 samples (32MHz/2MHz), and 
that b oth bits of the other channel are essentially static.
Similarly, in case 6, the signal appears on the chan 1 bits only.
This verifies that the format correctly separates the channels.

Next, consider the details of the 1M and 1L bits of case 1, 
and compare w i t h  cases 2 and 3. The MSB is a square wave, w ith 2 
transitions per period, whereas the LSB shows additional transitions, 
as expected for the intermediate-level signal. This verifies that the 
MSB a n d  LSB of each sample are assigned to the correct bits in the 
link stream.

B. Noise signals, statistical check

To further verify the 4-level digitization accuracy, signals 
from the JPL noise generator were applied to the baseband inputs, 
the decoded signals were recorded, and the statistics of the 
played-back streams were analyzed in software provided by 
H. K o b a y a s h i . The connections were:

Chan 1 prompt -8.0 dBm at \alpha=4, 16 MHz mode
Chan 2 delayed -9.2 dBm at \alpha=4, 16 MHz mode

where the levels were measured with a power meter at the JPL-DG's rear 
panel monitor jacks, and therefore represent the total power into the 
digitizers. As in Fig. 1, \alpha represents the front panel attenator 
setting; it was found, unexpectedly, that one step of this attenuator 
produces 2 dB change in power. The "delayed" noise signal includes 
about 15 m  of RG223 coax, which accounts for the slightly lower level.

Results are shown in Figure 3. We used three signal levels 
(\alpha=0,4,8, for a range of 16 dB) and both mode 2 (2b,lch,32MHz) 
and m o d e  3 (2b,2ch,16MHz). For mode 3, it can be seen (Fig. 3a,b,c) 
that the four digitizer values are distributed as expected: the two 
inner states and the two outer states are about equally populated, 
with the relative population of the outer levels increasing with 
signal level. Both channels behave similarly, but the 1.2 dB higher 
level in channel 1 (A) can be easily seen. For mode 2, only channel 1 
is used, and the behavior is almost identical.
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C . Spectra

Wit h  the same setup as above (noise into 1, delayed noise 
into 2), spectrum analyzer plots were taken at the JPL-DG's rear 
panel jacks, and then the digitized and decoded signals were analyzed 
using the Usuda real-time correlator. Measured autocorrelations were 
transformed to spectra and plotted. Figure 4 shows the analog and 
digital spectra for channel 1, and Figure 5 shows the same for channel
2. Notice that the delayed noise has a slope of about 0.2 dB/MHz, 
whereas the prompt noise is much flatter; this is no doubt due to the 
attenuation slope of the coax cable.

With a sinusoid at 2.1 MHz and -6.8 dBm into channel 2 in mode
3, we obtained the digital spectrum of Figure 6. It shows a great 
many lines due to harmonics and aliasing, as expected; the largest is 
the third harmonic, at about -13 dBc.

TAPE RECORDINGS

A  series of six recordings was made on a VSOP tape, each with 
a different setup, and each lasting about 7 minutes. It is intended 
that this tape will be copied to a VLBA tape and sent to Socorro for 
analysis. Some details are given in the log sheet, Figure 7. Here 
"Ku TLM on/off" refers to whether the downlink headers are included in 
the data on the tape or replaced by pseudo random noise. For Rec 1 
through Rec 5, the noise generator's level setting was \alpha=4 and 
the tone synthesizer's attenuator was at \beta=13 dB (-6.8 d B m  at 2.1 
MHz and -7.5 dB m  at 11 M H z ) . In Rec 6, channel A  used prompt noise at 
\alpha=2 and 11 MHz tone at \beta=30 dB into a power combiner 
(producing a weak tone on normal-level noise), and channel B u s e d  the 
delayed noise signal (\alpha=2) and a 3 dB pa d  (producing normal-level 
n o i s e ) .

With the setup of Rec 6, the tone was observed in the digital 
autocorrelation spectrum as expected, but a plot was not made. In 
addition, the tone detector was used to measure the amplitude and 
phase at 1 MHz intervals; its results (amplitude only) are shown in 
Figure 8. The desired tone at 11 MHz has amplitude 4.5%; b a s e d  on the 
attenuator settings, we expected 10% (-20 d B ) . The 1.7% response at 
10 MHz is the alias of the 22 MHz second harmonic; and the 0.4% 
response at 1 MHz is the alias of the 33 MHz third harmonic. The 0.8% 
response at 7 MHz is not understood. The tone was not detected at all 
in channel B, indicating that the cross-talk is less than 0.1% (-60dB).
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