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ABSTRACT

In this paper , a PCM telemetry system based on Personal computer is presented and
some important methods that are used to realize the system will be introduced, such as
a new kind of all digital PLL bit synchronizer  and a way to solve the problem of high-
rate data storage.
The main idea of ours is to make the basic parts of PCM telemetry system (except
receiver ) in the form  of PC cards compatible with EISA Bus, which forms a
telemetry station with resource of PC computer.
Finally, a laboratory prototype with rate up to 3.2Mbps is built.
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INTRODUCTION 

Personal telemetry station has been developed in recent years. It provides some
advantages, for example:

1)Lower cost and flexible operation.
2)Supported by the software(based on DOS, Windows, UNIX)manufacturer and a
large quantity of personal computer users.
3)In some cases, microcomputers can well meet the requirement of various users, and
personal telemetry station is  more economical and practical than those large-scale
stations. 

We have worked on personal telemetry station based on a PC computer since 1991.
Our  idea is that   the main parts of telemetry system be made in the form of  PC  cards
that could be installed in a PC box, to form a PC telemetry   station.
Now, we have implemented a laboratory prototype with rate up to 3.2Mbps based on
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Figure 1.  A typical alll - digital PLL 
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the Compaq 486/33M computer. Some new ideas,   such as the methode for realizing
all-digital PLL bit synchronizer  with wide pull-in range  and the way for high-rate
telemetry data storage, are adopted in the system.

AN ALL-DIGITAL PLL ADAPTIVE BIT SYNCHRONIZER

An all-digital PLL adaptive bit synchronizer was developed by us. The main purpose
of this development was capable of wide pull-in range.
A typical all-digital PLL is shown in the Figure 1. Because the input signals don't
include component of the rate, a non-linear converter is applied to produce the
transition signal corresponding to the edges of input signal wave forms. This transition
signal and the local clock pulse are fed into the phase detector. There are two results:
down and up. The digital VCO (DCO) alter phase of output pulse by adding or
deleting one pulse in local clock pulse according to the result of phase detector, so that
frequency of output pulse clock is turned in the meantime. Usually, a digital filter is
used in the loop to reduce the effect of pulse noise.

On the condition of no-noise, some performance data may be evaluated.
1. the peak of phase error.
When the loop is locked, the phase of clock is altered  by step, which cause the phase
error.  Because the phases change 2/M (rad), when a step alter is taking place. We may
write the peak phase error .

                                                      (1)
Where                  the peak of phase error 
                              the class of DCO

2. The hold-in range and the pull-in range
During a bit cycle, the phase shift  dued to the frequency difference between the
transmitter and receiver is 

                            (2)
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Figure 2.  The improved alll - digital PLL 
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Where         bit cycle
                 the frequency difference between the transmitter and receiver
                  local clock frequency

The step of phase dued to the DOC must be larger than that dF, so that

                                                 (3)

If we add a class  digital loop filter, the loop alter a step of phase at least  circle. For
NRZ signal , the effect of transition density,  must be considered, We can obtain the
hold-in range  .

                                    (4)
The pull-in range is as the same as the hold-in range. 
Let's m=0.5, M=33, N=8 , then   =0.19%
We could find that the pull-in range and the hold-in range are very narrow. In practice,
it is the disadvantage of all digital PLL. 

 A new idea, which can be used to solve this problem, is discovered by us. An additional
loop is used to trace the frequency of input signal. The improved all-digital PLL is shown
in Figure 3. Where the input of frequency detector loop filter is output of PD. The loop
filter is an  integrator, whose transfer function is as follows. 

                                 
It outputs error voltage, which is used to turn the local clock. When Fo<Fs , the error
voltage increases gradually until  Fo is  equal to Fs. When Fo>Fs, the error voltage
decreases gradually until Fo is equal to Fs. 
The hold-in range of improved loop is wider two times to ten times than that original. The
pull-in range is up to octave.If the ECL IC is used in the circuit, this kind of loop can
work at high rate up to 30Mbps.
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THE TELEMETRY DATA STORAGE

1.Dual-port memory buffer
In order to process the data and save the raw telemetry data at the same time, dual-port
memory would be used. Dual-port memory buffer is shown in Figure3. There are two
ports of RAM (called 0/1 page), and correspondent address and data bus. While the
data is being written on one page, the microcomputer is fetching the data on the other
page.
2. The size of data buffer
The main real-time tasks of system are as follows.

1) Writing the raw telemetry data on hard disk.
2) Real time data processing .

The data buffer size should be meet the requirements of this system task. In most case,
it would take much time to write data on disk.

When it accesses the hard disk, the header should be positioned on the track at first. This
procedure would spend 2.5-65ms. This period of time is called track access time. The
track accessing time is not benefit for writing data on the disk , because the computer
can't do other work in the period of track access. 
To get the shortest track access time, we should select the shorter path of the heard
movement. According to it, the principles of writing data on disk are as follows:

1) A full track should be written every time.
2) If a track is full,  switch the header , then switch the track.
3) Moving to the nearest header and track.

Refer to the principle 1. The capacity of the buffer should be equal to the size of a track.
The track capacity can be calculated by  the parameter provided by the producer.

                      
where                   buffer size
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figure(4)  a kind  of programmable PCM personal telemetry station
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For example,   = 38 ,   = 512 byte, then

                       =  =  38   512 Byte = 19 K Byte

If we use this kind of hard disk as the data disk,  the buffer size will be 19K byte.
A reasonable buffer size can lower the influence caused by the track access time, these
make the system have enough time to save the data and process the data.
3.The peak of data rate
The peak of data stream rate is limited by the speed of hard disk. At present, the average
speed range of accessing disk is from 5Mbps to 20Mbps. But in the worst condition, the
speed would only get from 2.5Mbps to 10Mbps. To program the software carefully, the
peak of data rate would be 8Mbps.
In order to improve the ability of data processing of the system, high speed hard disk and
computer should be used.

A PC TELEMETRY STATION WITH RATE UP TO 3.2MBPS

A PC telemetry station based on 486 PC is shown in figure(4). The system hardware
includes a Compaq 486/33M computer and four cards that can fulfill different function.
These cards are programmable bit synchronizer, programmable frame synchronizer, data
interface card and simulator.



Programmable bit synchronizer adopts an improved all-digital PLL method. The range
of data rate covers 100bps-3.2Mbps. The  programmable frame synchronizer fits to
programmable word length  , frame length  and subframe length. There are dual-port
data buffer and a time code generator  in the data interfaces card. An additional
simulator is used as a tool of system self-testing and software checking.
We use hard disk with SCSI interface as the data storage disk in the prototype.  The
track-to-track access time of this kind of hard disk is about 2.5ms, so that the system
works at the rate of 3.2Mbps. 
The system Software is programmed  with C and assembles language under the DOS.
The software's graphic user interface is similar to that Window's , that user could
easily define parameter table, do hardware setup, change task. The inner users can get
information and help on Chinese.
The software includes two parts: 
1) preparing task software.
 2) real-time task software.
Two display patterns, diagram and bar chart, are provided for user. You can see up to
8 channels' data at the same time.
The main character of the system is as follows.

1) Bit rate range from 100bps to 3.2Mbps, programmable per bit.
2) Programmable word length, frame length, sub frame length.
3) The number of quick look data channel is from 0 to 8.

CONCLUSION

The personal telemetry station  presented in this paper and the experiment of the
prototype shows that personal station provides   lower cost and higher performances. We
consider  it is a telemetry station with a good prospect.
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