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ABSTRACT

This paper describes the Telemetry Computer System in operation at NASA’'s Wallops
Flight Center for real-time or off-line processing, storage, and display of telemetry data
from rockets and aircraft.

The system accepts one or two PCM data streams and one FM multiplex, converting each
type of datainto computer format and merging time-of-day information. A data
compressor merges the active streams, and removes redundant data if desired.

Dual minicomputers process data for display, while storing information on computer tape
for further processing. Real-time displays are located at the station, at the rocket launch
control center, and in the aircraft control tower.

The system is set up and run by standard telemetry software under control of engineers and
technicians.

Expansion capability is built into the system to take care of possible future requirements.
Wallops Flight Center

The NASA Wallops Flight Center is located on the Atlantic Coast, about 100 miles
southeast of Washington, DC. It is an operational base for conducting awide variety of
scientific experiments, most of them rocket-borne or aircraft projects, for a variety of
users, both American and foreign. As an example of the activity and versatility of Wallops,
in 1979 two satellites and 179 sounding rockets were launched by Wallops; in addition, 43
aeronautical test programs accounted for atotal of 308 aircraft test flights from the
Wallops research airfield. Technical assistance has been given to 61 nations.

Obviously, such a variety of test programs, vehicles, payloads, and users places a heavy
burden on the telemetry facility. This facility must have the capability for support of these



tests as they are launched, and the capability for display of datain real time as
participating scientific users evaluate their experiments. The computer must be able to
convert telemetry datato easily interpreted units for display, either at the main telemetry
building, at the rocket launch site, or at the aircraft control tower.

Since visiting experimenters need to take data back to their facilities for detailed analysis,
the Wallops telemetry system must store data in an easily-transferable format on a
conventional transfer medium for these users.

The telemetry-computer system which has served Wallops users for 10 years was able to
process, display, and store data adequately when it was installed and for severa years
afterward. The amount of data to be acquired, processed, displayed, and stored, however,
has exceeded the capability of that station, and forced the Telemetry Group to re-define
thelr requirements and procure a station which will meet their present-day as well as future
data handling requirements.

Objectivesfor Station

Broadly stated, the Government objective in purchase of this new station wasto serve
range users at Wallops more effectively by acquiring, storing, processing, and displaying
more data in a more usable format than is possible with the old system.

The state of the art in telemetry and computer hardware and software advanced
dramatically in the 10 years after the old station was put in service. Faster, more versatile
front-end equipment is available now. Better display devices offer more accurate
presentations to an operator. Larger, more powerful minicomputers, working in tandem as
they do in this station, give the user higher data throughput rates and more real-time
anaysis than was available in 1970.

List of Objectives
This station was planned to meet certain basic objectives. Some of these are:

1. All IRIG-standard input formats must be accepted, in order to meet the basic range
obligations to users.

2. Some expansion in input capability must be available to alow for future expansion
of IRIG standards.

3. Output data must be stored on industry-standard tapes in readily retrievable formats,
in order to allow for further processing on this or another computer, either at
Wallops or elsewhere.



4. The station must be easy to learn to operate, in order to smplify the indoctrination
of users.

5. Datamust be displayed in real time in easy-to-interpret form, so that users can use
the information to make real-time decisions.

6. Display formats must be easy to change from any operator position, so that new
parameters can be specified by users during atest.

7. Throughput of significant real-time data must be at the highest rates consistent with
the ability of an operator to interpret results.

8. Displays must be available in real time at the central station, the aircraft control
tower, and the rocket control center. Any measurement must be available at any or
al of these locations.

9. Inorder to provide for continual updating of station capability, both hardware and
software must be modular and easily supplemented or replaced without significant
down time or redesign.

10. Insofar as possible within the preceding bounds, the station must be operated and
maintained at minimum expense to users and to the Government.

All of these objectives are met by the new station, as further discussed in the
following detailed description.

Description of Station Hardware (Figures 1, 2, 3, and 4)
The station accepts data from several sources during normal operation or self-checking:

Telemetry receivers

Instrumentation tape recorders/reproducers
Analog signal conditioners or demodulators
Time code generator (IRIG)

Signal smulator

In the case of receivers or tape recorder/reproducers, the data can be multiplexed in either
of these manners, as specified by IRIG standards:

Pulse-code modulation (PCM)
FM subcarriers

Two distinctly different types of front-end hardware are incorporated into the station to
provide these input capabilities, yet each type of front-end processes data to derive a
common digital format for quick-look display and/or compression and processing. This
common format is referred to herein as“TELDATA”.



Similarly, time code is recognized and trandated into a common language, “TIMDATA”.

All front-end devices can be set up from the computer terminal or from a previoudy stored
set of commands. This common setup language iscalled “TELSET”.

PCM Hardware

Two identical PCM front-ends are provided in the station with expansion capability for an
additional two PCM inputs. Each has a Model 720 Bit Synchronizer to establish
synchronization with the bit rate of incoming data, and to make a decision concerning the
data content (one or zero) of each bit. The bit clock and non-return-to-zero (NRZ) data
output of thisunit drive aModel 710 Frame Synchronizer.

The Frame Synchronizer recognizes the unique synchronization pattern which signifies the
beginning of each new frame of telemetry data. Similarly, two subframe synchronizers
recognize the beginnings of new subframes (either unique recycling code, identification
“ID” count, or frame code complement) and supply timing to the system.

Data output from the Frame Synchronizer consists of bit-parallel data words, each
accompanied by “handshake’ logic. Word, frame, and subframe clocks complete the
“TELDATA” output format.

Analog Hardware

Analog data inputs from any source (but typically from abank of subcarrier discriminators)
are multiplexed, and each sample is converted into a digital word, by the Model 429
Multiplexer-Encoder. Outputs from the EMR 429 are in “TELDATA” format, also.
Sampling rates for analog data are set by the operator locally or by the Computer (using a
built-in frequency synthesizer). This unit has the capability for random sampling sequences
under computer control, and can handle parale digital inputs as well as analog data. A
serial PCM output is available for recording on an instrumentation tape recorder for
backup storage.

Up to 64 analog inputs and 4 digital words can be handled by the basic unit, but it is
expandable in both areas. System software accommodates two multiplexer-encoder units,
each with 128 inputs.

Time Code Hardware

Time information from Time Code Generator/Trandators, either directly for real-time
operation or indirectly with playback of data from an instrumentation tape, is converted to



three 16-bit words (binary milliseconds, BCD seconds and minutes, and BCD hours and
daysor ID). This“TIMDATA” isavailable at any moment for entry into the computer. A
“freeze’” command from a Frame Synchronizer freezes the contents of the three
TIMDATA words, and causes them to be output in sequence to the computer and/or the
data compressor.

Separately aTape Search Unit is able to drive an instrumentation tape recorder/reproducer,
such that a particular data playback segment (identifiable by time of occurrence) can be
entered into the computer automatically. Start and stop times are preset by an operator,
either from the keyboard or from the front panel. The tape is searched to locate the “ start”
point, and all necessary action takes place automatically to play the data segment, input to
the computer just data from the period of interest, and either stop the process or recycle
and play back the same data segment again and again.

A unique feature of the time code subsystem is a group of buffers, each fed by one of two
Trandators and assignable to a specific data stream. In this way, any stream can “freeze”
TIMDATA for computer entry without interfering with any of the other streams.
Furthermore, separate Trandators enable the operator to use time code from separate
sources (real time and tape playback time, typically) smultaneoudly.

Front-End Setup

Almost every function in the front end of the station can be controlled in either of severa
ways.

1. Controls enable an operator to set up or change parameters in a box from the front
panel.

2. A plug-in card reader enables an operator to set up or change parameters in a box by
use of mark-sense cards, such that a given format can be loaded from a previoudy-
prepared card deck.

3. The TELSET bus from the computer enables the operator to set up or change
parameters in abox from the keyboard or from previoudly-stored commands on one
of the program disks.

The TELSET buses are the prime media for setup information in the station. Words on
these 16-bit buses (plus handshake logic) are output from the computer via Buffered Data
Channels as described later. The first three (or four) bits of aword address a specific box
or module; the next four bits identify the specific function or “group” to be set up; the
other bits contain setup data for that function. In the EMR 720 Bit Synchronizer, for
example, the operator-selected box addressis 4 bits; the next 4 bits contain the function or
“group” address; the last 8 bits carry setup instructions. Three words are used to set bit
rate:



Word 1 (group address 01): The two most significant digits of bit rate, in BCD
Word 2 (group address 01): The two least significant digits, in BCD
Word 3 (group. address 03): The bit rate multiplier, as a power of 10

The fourth and fifth words set up the input source (1 to 4), loop width (narrow, medium, or
wide), input signal polarity, type of detector (integrate and dump or filter and sample), and
input code (one of nine types).

M er ger-Compressor -Data Distributor

In order to reduce the load on the computers, an EMR 714 Data Compressor/Pre-
processor is used in the Wallops station. This unit performs several functions, each of
which smplifies computer operation and thereby improves data throughput rate:
 DataMerger --- TELDATA from up to 3 sources (expandable to six sources) is
accepted in the EMR 714, and merged with TIMDATA to form asingle data
Stream.

» DataDistributor --- After words are examined, those which pass are automatically
routed to the specified output port (1, 2 and/or 3). Again, this distribution capability
can be used judicioudly to route specified words to the desired buffer areasin
computer memory, or to a quick-look display, or for other purposes.

» Data Compressor --- One or more compression algorithms can be applied to each
word in the merged data stream. By selection of algorithms, repetitive or otherwise
uninteresting data is discarded, thereby saving computer time for information of
interest. Thisis not to imply, of course, that any measurements are lost; al datais
retained on the input instrumentation tapes for analysis at leisure.

The algorithm tests which are available in the unit for any words in any input format
include:

MNEMONIC ALGORITHM DESCRIPTION
THR (Throughput) Word is output without test.
REJ (Reject) Word is rejected without test.
ZFN (Delta) Word is output if its value differs from the value of the

last output by more than the assigned delta amount.



DSL (Delta Slope)

ILI (In Limits)

OLI (Out of Limits)

BMA (Bit Match)

NBM (No Bit Match)

BCH (Bit Change)

NSE (N-Sequential)

MMA (Minimum-Maximum)

CSU (Cumulative Sum)

Word is output if its value differs from the value of the
last output by more than the assigned delta amount,
and if the sign of the slope has changed.

Word isoutput if its value is within the assigned limits.

Word is output if its value is outside the assigned
limits.

Word is output if al bits match a designated pattern.

Word is output if one or more bits do not match a
designated pattern.

Word is output if any bit or bits have changed since the
last output.

Every “N-th” occurrence of the word is output. All
other occurrences are discarded.

Each word istested to seeiif it isless than the stored
minimum value or greater than the stored maximum
value. Every time a new minimum or maximum is
detected, it is stored in place of the old value. The
minimum and maximum values are output upon the
occurrence of acommand from the computer, and the
minimum and maximum storage registers are reset.

Consecutive data values of the word are added to each
other to produce a 32-hit double-precision sum. When
the “N-th” value has been added, or on command from
the computer, the sum is output and the registers are
reset.

The computer divides this output data by “N” to obtain
the average data value over the interval of interest.

Since some data words are discarded by the compressor, means must be provided to
identify those which are passed on to the computer. For each measurement, a unique 16-bit
“tag” identifier is stored. Whenever data from that measurement passes, the data word is



preceded by itstag, so that the computer can have a point of reference for identification of
the data.

Direct-Memory Access (DMA) to Computer

In any real-time telemetry station, storage of data words in computer memory is an
extremely critical function. Two or more buffers are set aside for real-time data, and one is
being filled while the other is being processed. Each buffer must be arranged such that the
computer can identify each word, buffers must be switched instantly when one has been
filled so that no dataislost, and the computer must be notified upon completion of a buffer
so data processing can start immediately. Such requirements dictate that data be entered
into memory directly (rather than via the computer), and that the operation be automatic
under control of the telemetry events themselves (frame rate clock, subframe rate clock,
etc.).

To meet all these requirements, EMR 2763 Buffered Data Channels are used in the
Wallops station for data input to buffer areas in memory, and an EMR 2765 Priority
Interrupt Module is used to generate the necessary computer interrupts as significant
events occur.

Each data channel has two high-speed direct-access ports for TELDATA or TIMDATA
entry, and one high-speed direct-access port for TELSET output commands. The two input
ports are switched automatically; TELDATA can enter port A, and TIMDATA will
operate the switching logic and enter port B during the period of the frame synchronization
pattern. Port O is the output to the TELSET bus. Port A data can enter at speeds to
250,000 words per second; port B can enter three TIMDATA in less than one millisecond;
port O will operate when ports A and B areidle.

Central Processors

Two identical Digital Equipment Corporation (DEC) PDP-11/60 Computers are used in
this station. One is essentially dedicated to handling the two-way communication with the
front end (TELDATA, TIMDATA, and TELSET), while the other is essentialy a display
controller.

The PDP-11/60 Computer has the following features:

* Cache memory

*  Memory management

» Core parity memory

» Extended Instruction Set



* Integra floating-point instruction set

» High-speed floating-point processor

*  User microprogramming

*  Over 400 powerful hard-wired instructions

» Single- and double-operand instructions

e 16-bit words (two 8-bit bytes)

* Word or byte processing

» 8interna general-purpose registers

* UNIBUS architecture for asynchronous operation
* Direct memory access (DMA)

* Multi-level automatic priority interrupt structure
» Vectored interrupts

* Hardware stack Processing

* Power fail detection and automatic restart

The two computers communicate with each other via shared memory, and also through
back-to-back direct-memory-access (DMA) modules. The shared-memory capability is
used primarily to transfer large amounts of data from the front end to the displays, while
the DMA interface is mainly used to transfer relatively small groups of command words
from the front-end controller to the display controller.

In case one computer is taken out of service for any reason, the remaining computer can
take over the entire system operation (with somewhat reduced throughput, of course). Two
UNIBUS switches enabl e the user to configure the hardware for one-computer or two-
computer operation within a few seconds.

Data Storage --- In addition to real-time display, all data which is entered into the dual
buffers in computer memory is available for recording on 9-track, 800/1600 byte-per-inch
tapes, so that a user can transfer scientific measurement data from this station to any
conventional general-purpose digital computer for further analysis. Tape speed is 125
inches per second. Each computer has dual tape transports with automatic switchover,
making it possible to record continually during extended experiments.

Each 16-bit word from buffer memory in the computer is separated into 8-bit bytes for
recording. The preface identifies the record to the computer. Each two-byte word is
preceded by a unique two-byte tag. Timeis inserted every millisecond with its unique tag,
and mgjor time is inserted once a second.

Program Storage --- Each computer has an RK-06 Disk for storage of the computer
software system, TELEVENT, and any setup files which the operators generate for pre-



loading specific front-end setup information into the computer. This removable disk pack
has storage for seven million words.

In addition, a CR-11 Card Reader on each computer can enter data from punched Hollerith
cards.

Operator Interfaces, Central Station --- A large control console provides centralized
management of station operation. Patching, controls, function keys, and two keyboards
allow inputs to the system, while a hard-copy LA 36 terminal and a CRT terminal give
feedback to operators.

Also, two sets of 16 sense switches at the control console enable an operator to enter
information. Each sense switch can be assigned to a specific software module, such that
equipment availability and status, tape or paper availability, and other information can be
entered easily.

In the same manner, two sets of 16 discrete outputs at the control console can be driven by
software to control operator-designated TTL devices outside the system.

Displays, Central Station --- The central station has three data displays, a 713 Word
Selector, a Ramtek 9300 Color Terminal, and a Versatec D1110A Plotter/Printer.

The 713 Word Selector contains data storage for 32 words, any word selectable from any
measurement point in the system. Some of the words are displayed in binary form, some
are displayed in decimal, and al are converted to analog and output from the unit. In
addition, the on-off conditions of the bitsin eight of the words are output as discrete bits.

The color terminal provides awide variety of displays as described under “ Software”.

The plotter/printer provides several types of displays aso, each as a printout on white
paper.

Displays, Remote --- In order to provide real-time data at the rocket launch control room
and/or the aircraft control tower, selected measurements are re-formatted into serial PCM
streams and transmitted to the two remote sites via data link.

Each remote site has two types of data display. Thefirst isa 713 Word Selector; the
second is a Ramtek 9300. Up to 30 “pages’ of data are transmitted to the remote sites,
each page consisting of up to 50 parameters. Operators at the sites can choose
independently which pages to display, and each site operator can set limits and assign



Parameters to pages. Operation in a slave mode is the user’ s option; in this case, the
display computer contains data assignments for remote as well as local displays.

Description of Station Software
Software can be described in several broad categories as follows:

Computer operating system

Telemetry software, setup and raw data
Display software

Software for off-line operation

1. The Computer Operating System is RSX-11M, a real-time software package which
provides housekeeping and control of the other software elements of the system.
The operating system is essentially transparent to the user, yet contains the ability to
support several simultaneous users and to make the computer a general-purpose
system when it is not online in the telemetry function.

Source programs are written in assembly language. One feature of specia vaueis
the ability to generate and store frequently-used program segments by name, and
call each asa“macro” routine for integration into the program sequence. Many of
the telemetry routines are prepared, stored, and called in this way.

RSX-11M has the ability to support high-level software systems such as BASIC and
FORTRAN; these are usable in the off-line mode for data processing.

2. Telemetry setup and raw data handling are controlled by standard TELEVENT
software, with engineer-oriented high-level language. This system enables a user
with minimum training to run the system. Elements of TELEVENT in this
application include:

a. Front-end setup of all telemetry and time code equipment, using engineer-type
language.

b. Setup of input data streams and buffer characteristics in computer memory.

c. Automatic direct-memory-access (DMA) data entry and storage of raw datain
dual buffers (ping-pong).

d. Immediate handling of newly-input data, such as decommutation for processing
and display, and/or raw data storage on disks or tapes.



e. Background programs, such as tape initialization.

3. Display software enables the usersto select alarge number of data measurements
from any or all sources, process each as desired (limit check and conversion to
engineering units, typically), and display the processed data on either of several
devices in ameaningful and easily-interpreted form. This software for the Main
Station includes:

a. Graphics software for the Ramtek color CRT displays. Up to 30 pages of data
can be defined for each CRT, with up to 50 parameters per page. An operator
can select any parameter for display in any location on any page. Limit-checking,
averaging, and maximum/minimum values can be derived.

The CRT format is selectable; data and/or status can be displayed in:

50 Status blocks
25 Parameter blocks
12 Bar charts
6 Strip charts (scrolling)
50 Parameters (2 columns)
6 X-Y plots
1 X-Y plot

Three-segment page, different formats
Two-segment page, different formats

Color is used with the displays for highlighting specia data, or asan aid in
distinguishing data categories.

Parameter names, time of day, and other information can be displayed as
programmed.

Some typical displays are shown in Figures 5, 6, and 7.

b. Plotter/printer software for the Versatec display. This enables the user to operate
in either of four modes:

Strip chart, up to 12 channels in engineering units plus time Printer
Bar snapshot (up to 10 parameters)
X-Y snapshot (two parameters, one of which may be time)



Some typical plots are shown in Figure 8.

c. Word Selector/DAC’ s/Display Software. The Model 713 Word Selector can be
driven with raw data directly from an input stream, or with processed data from
the computer. The operator can select which parameter is displayed and/or
output as an analog voltage by each of the 32 channelsin the unit. Upto 9
separate display formats may be stored, then called from function keys at the
control console.

4. Software for off-line operation includes severa programs now, and it is expected
that many additional programs will be written and added to the program library at
Wallops as the system is used.

System Diagnostics

Severa features are incorporated into the system as an aid to pre-mission confidence
checks and diagnostic aids.

A Signal Simulator can generate signals for the PCM streams to simulate actual data
inputs. In addition, the data compressor has a simulation mode which provides the means
for self-check via computer software.

Status words are generated by the system hardware and input to the computer to establish
go/no-go conditions and to enable evaluation of relative data quality on PCM.

A hit error rate detector in the system computes the performance of the input data link,
data storage devices, and bit synchronizer for off-line evaluation.

System software includes severa diagnostic routines for the computers and peripherals.
Performance Summary
System Inputs

PCM --- 2 streams (expandable), each up to 5 megabits per second

FM via Discriminators) --- 64 inputs, analog (expandable)

Other --- Up to 16 digital inputs, 12 bits

Time Input
Codes --- IRIG or NASA



Data Compression/Merging/Distribution

Inputs --- 3 (expandable)
Outputs --- 3
Algorithms --- 12

Computer Inputs --- 5 DMA ports (expandable)
Computer Systems (two)

Type --- PDP-11/60

Configuration --- Floating-point processor
Memory management
Programmable clock
Cache memory
Bootstrap loader

Memory --- Core
64K words per computer
64K words shared

Disks--- RL06
M agtapes (four) --- 800/1600 BPI, 125 IPS

Operator Interfaces --- Teleprinter terminal
CRT terminal
Card reader, 300 cards/minute
Paper tape reader
Sense switches

Displays, local --- Color CRT
M otter-printer
32DAC's
4 binary displays
8 decimal displays



Displays, Rocket Launch Control Center --- Color CRT
CRT terminal
32DAC's
4 binary displays
8 decimal displays

Displays, Aircraft Control Tower --- Color CRT
CRT terminal
32DAC's
4 binary displays
8 decimal displays

Software
Computer Operating System: RSX-11M

Telemetry Software: TELEVENT-11 with drivers for al front-end equipment, and
formatter for mag tape.

Display Software:
Decommutation program
Plotter/printer driver: Strip chart
Real-time print
Bar chart
XY

Color CRT driver: Status
Parameter, engineering units
Bar chart
Strip chart, scrolling
XY, single or multiple

Separate displays on single page
EXPANSION CAPABILITY

In order to alow for continued expansion of the work load at Wallops, this station is
designed so that new hardware and software can be added in the future.

The use of common languages in the front end, whether the data came into the station as
PCM or FM telemetry, will enable users to expand the front-end hardware if desired.
Similarly, the bus for computer data (the UNIBUS) makes the station expandable at that



point by addition of peripheral devices on either or both computers. New displays can be
incorporated into the station if requirements or the state of the art in displays changes.

Similarly, station software is modular and can be expanded. TELEVENT isa“tree”, with
many connecting points for new routines as they are needed. Other real-time programs can
be added, as can replay software for additional data processing.

With the present power of this station, and with such expansion capability inherent in the
system, Wallops Flight Center is assured of being able to meet the needs of its users today
and for years to come.
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Figure2 Operator Console

Figure3 Dual Computer System



Figure4 Remote Displays
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