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ABSTRACT

Although PCM/TDM framed data is one of the most prevalent formats handled by flight
test ranges, it is often required to acquire and process other types. Examples of such non-
standard data types are radar position information and meteorological data from both
ground based and radiosonde systems. To facilitate the process and management of such
non-standard data types, a micro-processor based system was developed to acquire and
transform them into a standard PCM/TDM data frame. This obviated the expense of
developing additional special software and hardware to handle such non-standard data
types.
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INTRODUCTION

A microprocessor based system was developed to merge spherical coordinates from
monopulse radar, ground based five-parameter meteorology, and eleven-parameter
radiosonde meteorology into a PCM/TDM frame.

System programmability is an essential feature to handle data with different time/format
characteristics such as synchronous IRIG (Phase II) PCM/TDM, 4-20mA industrial
current loop, or asynchronous ASCII burst data as well as to provide of acquisition of
future data types. A disciplined oscillator synchronized with GPS time is used as the
system timing reference thereby providing microsecond time accuracy in acquiring data.
The resulting data frames can then be easily processed, and treated as if they were TDM
framed data.

PCM Data Distribution System (PCMDDS)

Salient specifications for the existing PCM frame include NRZL format, a 10msec frame
duration, thirty-two 32-bit words, GPS derived time in each frame, and GPS derived
synchronization of internal timing. One word is occupied by the frame synchronization
pattern, another with a frame counter and two more contain the frame time tag leaving 28
open for additional data. All data words are arranged MSB first, LSB justified with leading
unused bits cleared. Once each output frame, the PCM system issues a broadcast (over
wires) interrogation pulse to solicit data input from each of the sources which must
respond, within a 470nsec window, with up to 32 bits of 128kbaud NRZL information and
synchronous clock. Each data source possesses it’s own internal timing reference, usually
a quartz crystal, hence, the event is synchronized only by the interrogation pulse with
crystal accuracy and frequency selection adequately addressing any remaining timing
constraints.

Radar Data

Radar data is embedded within an IRIG (Phase II) frame consisting of 240 bits at 2400
baud yielding a frame duration of 100msec. The desired data here consists of the spherical
coordinates Range (RG), Elevation (EL), Azimuth (AZ), and a 3-bit Track Flag (TF).
Each of the RG, EL and AZ words are 24 bits in length, occur twice per frame, and are
oriented LSB first with all bits specified. The three TF bits occur only once per frame and
contain the tracking status of the radar system, such as off-target, skin-track or beacon-



track modes. Frame synchronization is a 7-bit pattern which alternates with its
complement every frame.

Figure 1

Data Source / PCMDDS Signals

Figure 2

PCMDDS Output Frame Structure

Ground Meteorology

Meteorology at the radar site is another important project factor. A system of commonly
used 4-20mA current loop sensors is used to provide wind velocity, wind direction,
barometric pressure, ambient temperature and relative humidity. Thus, the analog
information is digitized and formatted to the PCMDDS input specifications.
Measurements are made at the PCMDDS interrogation pulse timing.

Meteorology Aloft

Meteorological measurements aloft are obtained using a radiosonde system. Atmospheric
pressure, ambient temperature and relative humidity (PTU) are measured directly at the
sonde. Sonde position relative to the ground station is calculated using differential GPS
techniques, thus wind direction and velocity are derived. This calculation also yields
north/south and east/west positions, AGL altitude, ascent rate and slant range of the sonde
with respect to the ground station. In addition, all data is tagged with elapsed time from
balloon launch. The eleven parameters are available from the ground station computer as a
burst of 9600 baud ASCII encoded characters occurring once every five seconds after
launch. Hence, it is necessary to acquire the string, capture and store the characters of
interest on-the-fly.



Radar To PCMDDS Interface

Microprocessor application easily solves the problems associated with synchronizing to
the IRIG frame, decommutating and storing the appropriate bits, and responding to the
PCMDDS interrogation signal with three separate NRZL data outputs, one for the track
flags and RG data, one for AZ data, and one for EL data, and a synchronous clock
output.

The synchronous clock accompanying the IRIG PCM input provides bit synchronization.
Frame synchronization is achieved by examining the IRIG stream on a bit-by-bit basis for
one of the two frame synchronization patterns. Once the correct pattern has been detected
the reference pattern (the pattern to which the input is compared) is complemented in
anticipation of the next frame. Locations of the desired data within the IRIG frame, of
course, are known so clock edge counting is used to arrive at the appropriate places to
initiate data or frame synchronization pattern decommutation. Frame synchronization
continues with pattern verification in each frame, else the program reverts to examining
bits looking for the correct pattern. Data bits are sequentially stripped from the IRIG
frame and mapped into internal RAM in such a way that during the PCMDDS
interrogation response, three separate PCM



Figure 3

IRIG Phase II Frame Structure



Figure 4

IRIG Range, Azimuth and Elevation
Bit Mapping in Internal RAM

streams and a synchronous clock may be generated as output. This mapping is shown in
Figure 4. Blank bit areas are set to zero and all bits marked as Cxx are set to one. This
arrangement simplifies the simultaneous output of the four serial streams, Range, Azimuth,
Elevation and the synchronous clock to an input-output port on the microprocessor.
When a byte is written to the port the clock is a one. Half way through the output bit
period, the clock bit is complemented. The crystal frequency is adjusted so that an even
number of instruction cycles occur per bit period in order to generate a 50 percent duty
cycle clock. Nibble swapping permits the remaining four bits of the byte to be output. The
process is repeated until thirty-two clock pulses have been generated and all data is
output.

Although the radar and PCMDDS have a GPS derived time reference, there are no
guarantees with regard to phase relationships. Timing analysis of data structures involved,
however, shows that adequate time exists within the input clock period (the IRIG



synchronous clock) of 416.667usec to respond to a PCMDDS interrogation which usually
requires only 270nsec maximum including any internal data source delays. Therefore, all
of the 240 IRIG bits are serviced thus maintaining input frame synchronization without
interference from a PCMDDS interrogation response.

Ground Meteorology To PCMDDS Interface

Once again, it’s a microprocessor that is used to solve the problem of interfacing two
dissimilar data systems. This time, however, the microprocessor is used only for timing
purposes storing no data prior to a PCMDDS interrogation. Each current loop signal is
digitized to twelve bits using a serial A/D. A/D programming and clocking is developed
under firmware control in the microprocessor as a response to the PCMDDS interrogation
signal. Clocking occurs in such a way to generate the required 128kbaud output and three
separate 32-bit NRZL words directly from the A/Ds using a dual multiplexer, gate and
three clocked registers. Sample time is very short in the A/Ds resulting in no significant
delay. Sample charge leakage within the A/Ds is also

The serial A/Ds require programming, hence the first six falling edges of clocks generated
by the microprocessor are used internally by the A/Ds after which any clocks are used to
perform digital conversion of the sampled analog signal and simultaneously extract the
serial bits MSB first. So, each A/D has nineteen clocks applied to complete a conversion.
By judiciously controlling the timing of the clocks to the A/Ds and multiplexing the serial
outputs, data is concatenated as shown in Figure 5.

Radiosonde System To PCMDDS Interface

Radiosonde system information from the ground based computer consists of eleven
ASCII encoded parameters appearing as a character string burst, at 9600 baud, once
every five seconds after balloon launch. This string is received by a microprocessor
programmed to accommodate 9600 baud, decommutate the string and store the data in
internal RAM. This input circuit is initialized by detecting the lengthy time period between
string occurrences (5sec). Another microprocessor is used to generate the required NRZL
PCM output in response to the PCMDDS interrogation signal. This ‘output’
microprocessor handshakes with the ‘input’ stage receiving, reformatting and storing the
data in internal RAM. As with the RADAR/PCMDDS interface, the bits are mapped into
RAM to facilitate making multiple PCM outputs and a synchronous clock adhering to the
PCMDDS requirements. The data of interest consists only of numbers 0 through 9 and
two special characters, ‘\’, and ‘-‘. These are ‘no data’, and negative sign and are
represented in hex as ‘F’ and ‘D’, respectively. Any ASCII spaces (20h) are taken to be
zeros. The total number of characters is less than four bits so all pertinent information can
be represented by hexadecimal notation without ambiguity. This technique requires less



than half the RAM volume of the original string making much more effective use of
PCMDDS frame allowing multiple parameters to share space in the 32-bit words as was
done with the ground meteorology information. Table 1 illustrates the PCM format used
based on the nature of the project requirements.

Figure 5

Timing Diagram for Ground Meteorology / PCMDDS Interface



Elapsed time 6 bits: minutes and seconds MM:SS
Barometric Pressure 16 bits: 4 characters, 0.1hPa resolution PPP.P

Temperature 6 bits: 4 characters, 0.1oC resolution sTT.T
Relative humidity 12 bits: 3 characters, 0.1% resolution UU.U

Wind direction 12 bits: 3 characters, 1oaz resolution DDD
Wind velocity 12 bits: 3 characters, 0.1m/s resolution VV.V

Sonde height 16 bits: 4 characters, 1m resolution (MSL) HHHH
Ascent rate 6 bits: 4 characters, 0.1m/s resolution sAA.A

Slant Range 28 bits: 7 characters, 0.1m resolution RRRRR.R

North/South position 28 bits: 7 characters, 0.1m resolution sNNNNN.N

East/West position 28 bits: 7 characters, 0.1m resolution sEEEEE.E

Table 1

Radiosonde Data Association, Resolution and Implied Structure
(s = sign)
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Figure 6

Radiosonde PCM Data Structure



Barometric pressure, in hPa (millibars), is abbreviated eliminating the thousands place
since the expected data will range from a maximum 1040.0 hPa (0 feet MSL) down to 100
hPa (about 50,000 feet MSL).  Hence, a zero in the hundred's place implies a pressure at
or over 1000 hPa. Parameter range limits are shown in Table 2, below.

1. Elapsed time 59 minutes, 59 seconds
2. Barometric pressure 100.0 to 1099.9 hPa
3. Temperature -99.9 to 999.9 oC
4. Relative humidity 0.0 to 99.9 %
5. Wind direction 000 to 359 azimuth degrees
6. Wind velocity 00.0 to 99.9 meters / second
7. Sonde height 0000 to 9999 meters
8. Ascent rate -99.9 to 999.9 meters / second
9. Slant range 000000.0 to 999999.9 meters
10. North/South position -99999.9 to 999999.9 meters

values = North, - values = South)
11. East/West position -99999.9 to 999999.9 meters

values = East, - values = West)

Table 2

Radiosonde Data Limits

Needless to say, the extremes in the parameter ranges given in Table 2 above reflect data
content capability and may not be attainable in reality. That is, I doubt if a Slant Range of
1,000,000 meters is attainable. Tables 1 and 2 are clarified by Figure 6 in which the exact
PCM data structure is displayed down to the bit level with the weighting shown.

CONCLUSION

The development of a programmable capability to acquire, and accurately handle
dissimilar, asynchronous data streams into a TDM frame provides a method of handling
non-standard data types in the same fashion as telemetry PCM/TDM flight test data. This
permits use of standard PCM/TDM software/hardware methods to accurately process all
data thereby avoiding the need to develop ad-hoc methods to handle non-standard data
types.

Since the system is programmable and uses a disciplined oscillator synchronized with
GPS time as a reference, a wide range of dissimilar data types such as synchronous IRIG
(Phase II) PCM/TDM, 4-20mA industrial current loop, and asynchronous ASCII burst
data can be merged into a PCM frame with microsecond accuracy.


