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INTRODUC TIO N

Our  g roup  at the U n i v e r s i t y of Denver  has been c onstructing a balloon-.
bo rne ± ion mass spectromete r system on another U. S. A rmy Research

Of fic e co n t ract . This instrument  is typical of the sophisticated instru-

ments that are  being built fo r  balloon measurement in that it gene rate s

data of high precis ion at a hig h rate . In addition , the instrument is com-

plex and has many operational modes which can be commanded from the

ground. To full y util ize the instrumental capabilities , a data handling

system which does not degrade the data generated by the instrument and

a command system capable of perfo rming a large numbe r of diffe rent func-

tions which can be selected f rom the groun d are  necessary.

The objective s of this p rogram we re to construct a command and
te l eme t ry  system along with a suitable minicomputer and ground display
capable of handling the requirements  of the ± ion mass spectromete r system
as well as othe r balloon borne instruments. The ± ion mass spectrometer

system require s that the command system have a 0. 1% resolution and

a choice of many discre te  commands. The output data from the system

come s 6 bits per  b yte , 4500 bytes per second. These data must be
handled on a real-time basis and displayed so that the expe rimenter can

decide the futu re course of the experiment. These requirements have

been met by purchasing segments of the system when comme rcially
available and cost effect ive . The remaining segments we re designed
and fabricated by our group unde r this grant . The complete system,
sho wn in Figure 1 includes appropriate inte rfaces and has been assembled
and checked out as part  of the program. Figures 2 through 7 show diagrams
of each system built here which are discussed in detail below.
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COMMA ND ENCODER

The f i r s t  segment built unde r this program is the command encode r.

It enables the groun d personnel to make choices during a balloon flight

concern ing  the course  of the experiment. Fi gure 2 shows the encode r

in detail  including data switche s, discrete  switches and the select switch

connected to the pa rallel shif t  regis ter  where these choices are physically

made. The serial  bit stream thu s produced enters a frequency shift keye d

genera tor  whe re it is t ransformed to two tones , representing the binary

va lue s. At the left  of the fi gu re the ARM and XMIT buttons are shown:

A R.M keys the Gene ral Electr ic  Maste r II transmitter on and XMIT sends

the command.

To insure that the re are not mistaken commands when the s ignal

level at the receive r drops due to distance or random noise or other

interfe rence gene rates spurious commands , a correct  command containing

the information is t ransmit ted twice. This serial bit stream consists of

16 data bits to control the mass spectrometer , five for discrete commands

and three for pref ix. The five bits for discre te commands are generated

from 16 togg le switches on the front  panel of the command encoder that

are encoded to a 4 bit b inary  code and anothe r switch that selects a data

or discrete transmission. There are 16 toggle switches for selecting a

data word to be transmitted: this include s the fixed peak value as a

binary wo rd.

AIRBORNE COMMAND DECODE R

The airbo rne system outlined in Figure 1 consists of the receive r ,

command decode r, data encode r and S-band transmitter. These units are

included in a card rack 17” x 10” x 7 1/2” and designed to interface with

the quadrupole mass spectromete r electronics. The receive r is taken from

Gene ral Electric ’s Maste r line of mobile radios and is crys tal controlled
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at 138. 06 MHz . The t ransmit ter  is an A ydin Vector rnoderl T202S.

The othe r subsystems we re designed here .

The command decode r itself is shown in Figure 3. The audio

f requency  signal from the receive r goes to the demodulato r where it is

t ransformed into a 48 bit ser ia l  si gnal and a timing pulse. This signal ,

containing two commands , en te r s  the shift  register.  When the f i r s t  bit

excites the shift reg iste r , the f i r s t  bit of the repeated command is at the

demodulator and these two bits a re  compared by the exclusive or gate .

In this manne r the positive correlations of the command and the repeated

command are counted until a count of 24 coincides in time with the end of

message. A valid command now exists in the shift reg iste r and will be

t rans fe r red  to the data word latch registe r or to the discrete command

latch reg ister dependent upon the state of the bit originating from the

select switch.

The 16 bit data wo rd is structured to provide for the following choices

and values: to scan o r  stop at a fixed peak, the value of that (± 0. 1%),

positive ion scan , negative ion scan , value of orifice voltage , and other

possibilities. These commands are directly wired to the various parts of

the a i rborne instruments.

The discret e commands come from double-pole double-throw relays

tha t are used to turn the t ransmit te r on or of f , switch two high vo1ta~ e

supplies on and off , reset  the microprocessor, and switch control of

the experiment from the group to the airborne programme r. it should

be noted tha t the capability of the command system exceeds its current

use , but we intend a greate r use for  future experiments.

A IRBORNE DA TA ENCODER

The data having been collected is transmitted from air to ground

by pulse code modulation (PCM); a 50 kilo bits per second data stream

~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~
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organized into f rame s of 128 n ine-bit  words . The frames must be trans-

mitted at a unifo rm rate if the y are to be decoded , but the data to be

included in the f rame is not received in synchronism with this t ransmission.

A Motorola mic roprocessor  (MPU) is used to solve this problem. The

MPU can execute 72 ins t ruc t ions , most of them in less than 5 micro-

seconds. The refo re the MPU , which must output one word every 180

microseconds , has ample time to make up a frame from incoming data

that is a synchronous  with the output.

The 3i rborne  data encode r in Figure 4 (exclusive of power) is

contained on three printed circui t  card s. The f i r s t  of these include the

MPU , 500 words of random access memory (RAM) and the Intel program-

mable read onl y memory (PROM) which contains the program for making

up the f rame . The frame in use for the current  experiments consists of

5 syn c words used to recognize position in the frame, two words from

analog data inputs , and one flag word which is used to indicate if the

following 120 words will contain digital data from the mass spectromete r.

One c i rcu i t  card contains the 12 bit analog to digital conve rte r , a 16

position analog muliplex switch (MUX ) and a periphe ral intef ace adapte r

(PIA ) to make contact with the data and address bus of the MPU. The

program selects in sequence ,one for each frame, the 16 inputs containing

information suc h as tempe ra ture , pressure and the state of vari ous

instrument pa ramete r~s .

Dig ital input , from the mass spectromete r and output to the shift

registe r is accomplished on the third circuit card. Only eight bits are

entered from the PZA to the shift register;  however , a parity is gene rated

from these eight bits to make a 9 bit word which is shifted to the transmitter

at a 50 KHz rate.

NOVA INPUT/OUTPU T

To display the t ransmi t ted  data on the plotte r it is necessary f i rs t  to

sepa rate the i~div idua l  wo rds from the bit stream. This is done by a

frame synch ron i ze r  which was built on a input/output interface board (I/O) 

~~~~~~~~~ ~~~~~~~ _lIll~



-~~~~
.

~ 

-~~~

5

purchased f rom MDB company. Figure 5 is the block diagram showing

this f rame synchronize r . The EMR model 2726 signa l cond itione r

regene rates a bit clock in synchronism with the incoming data that is used

to en te r  the data into the shift registe r shown at the top of Figure 5. The

f rame sync wo rd is entered manuall y into the frame word comparator to

cor respond  with  the one in the airbo rne PROM, thus an identical match

of the sync wo rd with the 45 bit shif t  reg ister will insure a correct  start.

The compa rator  resets the word count , f rame count , frame check and

en te r s  the f i r st  word into the word reg iste r. The MPU will now accept

this wo rd throug h the interface and subsequent words depending upon

the prog ram executed by the MPU. Ope ration of the MPU in conjunction

with the frame synchronize r permits a pre-structuring of the data to

lessen the load on the I/O service routines used by the NOVA. The

programs to do this are short and are written in the MC6800 instruction

set . The y are entered from the CRT terminal through the NOVA by means

of a Motorola Firmwa re MLKBUG before the experiment or test is begun.

The use of the mic roprocessor in this application is an improvement

from existing comme rcial instrumentation because it retains flexibility,

reduces the size f rom a large rack mounted chassis to a single card and

reduces the I/O load on the computer.

SOFTWA RE

The ground station includes a Data General Corporation Nova 1200

minicompute r , .  CRT terminal and disk and a Varian Stratos 33 Printer/

Plotte r . Sepa rate software package s we re received with each of these items

as p ar t  of the purchase. The programmer has integrated all of the above

described devices into a program tha t reduces the data into a usable form.

That part of the software tha t is written for the telemetry system

is diagra mmed in Figures 6 and 7. Figure 6 shows the program in current

use for the frame synchronization Input /Output. It can be seen that the

program examines the flag word to determine if the remaining frame 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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conta ins data . Figure 7 shows the pro g ram in use for the airborne

encoder .  Ini t ial izat ion takes place when the instrument is turned on or

a f t e r  a reset  pulse is t ransmitted f rom the ground. The data making

up a f rame is stored in the buffers.  The program the refore consists

prima ril y of input and output service.
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Figure  1 . PCM Telemetry and Command System
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INITIALIZATION OF PERIPHERA L
INTERFACE ADAPTO RS

______  ___________  ~1~3 ~ REQUES T 1ST BYTE AFTE R
FRAME SYNC CODE

WAIT FOR INPUT

OUTPUT BYTE TO NO VA
(1ST A/ D  BYTE)

REQUES T NEX T BYTE
FROM FRAME SYNC

WAIT FOR INPUT

SEND BYTE TO NO VA
( 2 N D A/ D  BYTE )

REQUEST NEX T BYTE

WAIT FOR INPU T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SEND BYTE TO NOVA

(BLOCK TYPE)

REQUEST NEXTBYTE

WAIT FOR INPU T

SEND BYTE TO NOVA

Figure 6. Ground Interface Microprocessor Program

. .

~ 

~~~~~~~~~~~.



INI T LA L I ZA TION
____________________________ 13

INI TIAL IZ E PERIPHERAL
INTERFACE ADAPTORS

STORE FRAME SYNC PATTERN
RE QUES T 1ST A / D  CHANNE L

INIT IALIZE FLAGS. POINTERS TO
INPUT AND OUTPUT BUFFERS

ENABLE INTERRUPTS
WAIT FOR INTERRUPT

OUTPUT INTERRUPT SERV I C E

CL R I N  RRTJ F
GET NEXT BYTE FROM OUTPUT BUFFER

OUTPUT TO PtA

FINISHED BUFFE NO RE TtJ RN FROM INTE R.RUP

YES

MA RK BUFFER EMPTY

ANOTHE R BUFF SWITCH TO N W BUF ?

NO

GET A D BYTES
PUT INTO FRAME

SEND REQUEST FOR
NEXT AID CHANNEL

RETURN FROM INT RRUP

INPU T INTERRUPT SERVICE

~~~~~~ AT A NON-BLAN MA TA-ON 0

LA NK DA TA
SET NON-DA TA FLAG

NO THERE DA TA IN THiS 1ST P IEC
R TIALLY FTJ1LL BUFPE F DA TA ?

YES

S E A A N FFE MARK BLOCK TYPE

BUFFER FULL YES SWITCH BUFFERS FOR INPUT1

0

BUFFER 70% FUL

YES

MA RK BUFFER

RETURN FROM INTERRUPT

Figure 7. PCM Encoder Microprocessor Program 
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