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ABSTRACT

The requirement to acquire, process, and display telemetry data from increasingly
sophisticated test vehicles in real time is one of the, principal parameters that shaped the
SAMTEC Telemetry Integrated Processing System (TIPS) design. An integrated
subsystem incorporating advances in hardware design, linked by a multi-processor
software element implementing three distinct processing functions to fill this requirement,
is described in this paper.

Most of the hardware elements, except the processor, were designed to meet the
specific requirements of this system. This includes telemetry front-end acquisition
equipment, electrostatic high speed printer plotters, plasma keyboard displays, and wide
band links to transfer data from element to element. The processors are 32-bit word third
generation midi-computers. Each element was selected or specified primarily for its ability
to perform at the expected incoming data rates.

The Real Time Acquisition (RTA) Software is partitioned into an executive function, an
acquisition and event processing function, and a display processing function. Each function
resides in its own specific computer configuration. The acquisition configuration (TPP) and
display configuration (QLDA) are each replicated to provide multi-input stream and
multiple independent display capabilities.

Real time requirements, similar to those at SAMTEC, are evolving elsewhere. The
hardware and software components described herein are easily adaptable to satisfy these
requirements at a variety of other advanced telemetry data processing facilities.



INTRODUCTION

The design of the real time portion of TIPS was driven by a combination of functional
and operational requirements which evolved during a study commissioned by SAMTEC in
preparation for the system procurement. The results of this study were presented at a
previous ITC.1

The functional requirements determined by the study are displayed in Table I,
reproduced from the previous paper and updated. In the original table the requirements are
allocated either to the “front end”, to the “main frame”, or left as an option for future
resolution. Only the final resolution of these latter cases is indicated here. This paper
discusses those functions allocated to the “front end”. These functions have the
characteristic that they must be performed at a rate which is determined by and
synchronized with the incoming data stream, with a tolerable processing delay of typically
a fraction of a second. A further division of usage between acquisition (A), processing (P),
and display (D) is shown for the real time functions.

These mission oriented functional requirements are overlaid by system operational
requirements. Three of these received primary consideration in the design of the real time
subsystems. They are rapid and convenient adaptation to new requirements, simultaneous
performance of multiple operations without interference, and flexible allocation of
resources.

The first is dictated by the extensive planning horizon. Six years will have elapsed from
initial studies until the system is fully operational, with at least a 10-year operational life
thereafter. SAMTEC is essentially a service bureau often required to provide rapid
turnaround for newly defined tasks. Each program has its own unique input telemetry
format, processing algorithms, and display and post-flight data reduction requirements.
TIPS is expected to meet these needs with minimum programing expense and without
hardware modification or addition.

Multiple simultaneous operations are a fact of life at SAMTEC and must be supported.
Pre-flight and post-flight data may be processed from several test vehicles simultaneously.
Further, it is common for larger vehicles to carry multiple telemetry links,2 and for each
function within a program to require specialized display formats. TIPS is expected to be
dedicated to a single operation during the critical period immediately preceding and
subsequent to lift off, but multi-vehicle salvoes, redundancy in the range safety link, and
multiple link and display requirements at one time all dictate a multiple stream capability,
even during that period.



** An overview description of this system appears in another paper presented at this conference.3

Table I. Function Requirement Allocation

The existence of multiple simultaneous operations demands flexible resource
allocations. Each operation requires its unique mix of acquisition and display capability.
Further, scheduled requirements should be serviced as long as some equipment is
available. Presently, unmet support requirements and idle resources may exist
simultaneously due to the unique nature of each of the four SAMTEC data centers. This
flexibility eliminates the expense incurred when a single element in the present
heterogenous pool fails and causes an operational hold.

A flexible multi-stream real time subsystem shown in figure 1 has been implemented in
response to these requirements.** It incorporates six front-end subsystems for acquisition
and processing and six display subsystems. The intermediate message switching function
permits extremely flexible configuration of front-end and display  resources. Although each
front-end stream has input hardware for PCM telemetry, there are only three sets of analog
input hardware; each of these may be connected to either of two streams, replacing the
PCM input. In the display area, three User Terminal Rooms (UTRs), with reduced



capabilities, are supplied in addition to the six Quick Look Display Areas (QLDAs). The
system is designed to accommodate a total complement of 12 Front Ends (with four analog
inputs), eight QLDAs and four UTRs to support projected multi-link operations.
Noteworthy features of the software and hardware elements, shown in figure 1, are
described below.

Figure 1.  TIPS Real Time Subsystem

HARDWARE ELEMENTS

The system hardware elements comprise numerous advances over similar equipment
existing in the marketplace at the inception of the development cycle. While no
breakthrough was necessary at the component level to implement the equipment, each
element represents the present state-of-the-art of that class of equipment. These elements
are the Telemetry Front End Equipment, the Processors, the Electrostatic Printer/Plotters,
the Plasma/ Keyboard displays, and the high speed data links interconnecting them.

Telemetry Front End

The Telemetry Front End (TFE) Equipment, pictured in figure 2, includes a PCM
decommutator (PSD), analog input equipment for both PAM and continuous analog inputs
(APD), and a Data Compressor (DC). These elements are configured so that data from
either the PSD or the APD may go to the Data Compressor enroute to downstream
elements. Control tables, generated by the TIPS Telemetry Compiler4 and loaded by the
Telemetry Preprocessor (TPP), configure each device.



Figure 2.  TIPS Telemetry Front End

The PSD uses stored program techniques to decommutate PCM at rates up to 5 Mbps.
This capability exceeds the requirements projected for the system operational time frame
by a factor of two or greater. Either conventional or adaptive synchronization techniques6

may be selected to optimize data recovery. A unique feature is the microprogrammed
computation facility. This module permits scaling of data, change of representation (ones
or twos complement to straight binary), handling of discrete and incremental data, and
automatic format switching. All functions of the PSD are initialized by a down load from
the TPP and may be changed during operation when required.

The APD can process more than one analog operation at the same time. It can accept
five PAM links and digitize 22 (expandable to 32) continuous analog inputs simultaneously
with a total throughput capability exceeding 250,000 samples/second. Stored program
decommutation at the frame and subframe level is provided for each PAM link, while each
analog channel may be sampled at one of ten independently selectable rates. Again all
parameters are loaded from the associated TPP and may be modified during operation.

The Data Compressor attaches time annotation to the data as well as removing
redundant samples. Its processor is microprogrammed from ROM, permitting processing
algorithms to be changed should future requirements dictate. Nine algorithms are presently
installed with a maximum of 16 limited by the instruction word format. The Data
Compressor splits the data into two paths, one direct (Raw Data), and the other through
the compression processor (Compressed Data). Each path has a maximum output data rate
in excess of 300,000 samples per second; a 512 word FIFO buffer in each enables input
burst rates up to 800,000 sps to be accommodated. These two outputs match the protocol
and electrical interface characteristics of the Fast Device Controller Modules in the TPP
and QLDA processors.



Fast Multiplex System

A key ingredient in the configuration of a system meeting the real time requirements is
the Fast Multiplex System (FMS) for the SEL 32/55 system computers. Use of the FMS
enables extremely large quantities of input/output data to be transferred and repetitive
functions performed upon it with little or no CPU involvement. The FMS accommodates
up to 16 intelligent interface modules, generically referred to as Fast Device Controllers
(FDCs). Each FDC contains a microprogrammed controller, permitting it to perform
repetitive operations on the data independent of the CPU. The FMS contains a separate
bus permitting the FDCs to transfer data into or out of memory without reducing CPU
throughput.

One of the two TIPS FMS configurations is shown in figure 3. The FDCs are controlled
by CPU loaded parameters and pass status to the CPU when some further attention is
required. These transactions flow through the link containing the FMC (Fast Multiplex
Controller) and the CSI (Control and Status Interface) to each FDC through a control bus
in the FMS. Data, placed on a separate bus in the FMS, is passed on the link consisting of
the MPI (Memory Port Interface) and the MBC (Memory Bus Controller). When data is
transferred in this manner, the only contention with the CPU occurs when both the CPU
and the FMS address the same memory module.

Figure 3.  TPP Fast Multiplex System



The FMS configuration shown is the one used to ingest data to the TPP. It contains two
of the three types of FDCs developed for use in TIPS, the Compressed Data Interface
(CDI) and the Raw Data interface (RDI). The compressed data output of one Data
Compressor drives the three CDIs, while the associated raw data output drives the RDI.
Each FDC is programmed to accept a particular set of the data available to it and store it in
a buffer.

The four buffers built by the TPP FMS enable four different system functions to be
performed at a high rate by a single computer. One CDI builds the History File buffer in a
shared memory, accepting essentially every sample appearing at its input. This buffer is
transferred directly out of shared memory to disc by one of the Mass Storage Controller
(MSC) processors. A second buffer contains those measurements selected because they
are required for TPP Special Processing functions. The TPP CPU can access them without
having to sort through irrelevant data. The third buffer built by a CDI contains data
required for range safety calculations. This data is periodically extracted and transmitted
by a serial communications link to the SAMTEC range safety computer. The RDI builds
one-frame buffers which contain all transmitted samples. The most recent of these buffers
is captured and spooled to a high speed printer upon the occurrence of a specific event or a
command from a quick look area. In the absence of the FMS, either more processors or
special hardware would have had to be employed to perform these functions.

The other TIPS FMS configuration is a part of each QLDA or UTR processor. It
contains two RDIs and five Printer Plotter Controllers (PPCs). The two RDIs interface
with the Raw Data Switch; this enables raw data from any two TFE Data Compressors to
be routed directly for strip chart display. Data is selected from each stream and stored in
preassigned memory locations, addressed by a 4096x8 look-up table. Each PPC builds 250
display lines for each inch of paper travel. The entire process of recording real time data
on strip charts is transacted by FDCs communicating through a common buffer in memory,
with no CPU mediation.

System Communication

Three different data transfer methods are used to move data between processors in the
real time subsystem. These are shared memory, a parallel high speed data inter-bus link
(HSD-IBL), and a general purpose inter-bus link (GPDC-IBL), transmitting data serially at
a medium rate.

The shared memory allows data to be “transferred” between processors, without
actually moving it; the data is loaded into the shared memory by one processor (or the
FMS), and is then available for retrieval by another processor. The six TPPs each share
memory with both of the two MSCs, realizing both load sharing and redundancy in case of



failure. This method transfers large volumes of data from the front-end TPP to the MSC,
primarily fullframe and history files. Each link is sized to accommodate the expected data
flow through it.

The HSD-IBL is a parallel link which connects the MSC and Configuration and
Interface Controller (CIC) processors. It transfers up to 834,000 words/second. During
operation, processed data from all TPPs destined for display is transmitted from the MSCs
to the CICs; run-time files go in the other direction during initialization, with modifications
during operation. Since operation and initialization for different streams may occur
simultaneously, there is a continuous two-way traffic on this link.

The GPDC-IBL communicates with the display area at rates up to 100,000
bytes/second, totaled over all seven links. Relatively short messages, such as out of limits
values and engineering units displays, are routed primarily to the plasma displays.
Keyboard inputs, initiating real-time processing changes, flow back to the CIC. Although
this link is more than adequate, based upon the specified sizing, higher speed serial
interfaces, based on FMS technology, are presently available, and would be used were the
system to be designed today.

Display Devices

The TIPS display requirements led to the design of two devices which, like other
hardware described here, will find application in other similar systems. These are the
Electrostatic Printer Plotter (EPP) and the Plasma/Keyboard Terminal (Plasma/KBD). The
EPP was developed from the ground up for TIPS, while the Plasma/KBD is a modification
of a standard device.

The EPP was introduced to fill several operational deficiencies, commonly associated
with strip chart recorders used at SAMTEC. Primary among these is the need to spend
considerable time and labor calibrating the analog components, such as DACs and
amplifiers, in an otherwise all digital telemetry link. A second factor is the inconveniences
of interpreting serial time code and manually adding event annotation. Finally, there is the
cost associated with keeping clogged pens clear. The EPP corrects these deficiencies and
incorporates some extended quick look capabilities.

The EPP enables quick look strip chart plots to be drawn with a fully digital system. It
provides a resolution of 200 points to the inch (79 pts/cm) in the y (or data) axis and 250
points to the inch (98 pts/cm) in the x (or time) axis. Eight 8-bit measurands can be fully
resolved along the 10.5 inch (27.6 cm) chart width, while five samples/Hz for frequencies
up to 500 Hz can be displayed at the maximum chart speed of 10 inches/second (25.4
cm/sec). A full alphanumeric character matrix is used for time and trace annotation, as well



as viewer comments entered during the recording process. The electrostatic process
incorporates charged writing points, coated paper, and toner; extremely consistent trace
characteristics from minimum (0.25 inches/second (0.64 cm/sec)) to maximum chart
speeds have appeared in all tests to date. The EPP is also used as a 132 character 5000
line/ minute printer to record full frame printouts.

The Plasma/KBD provides an interactive soft copy display device, which minimizes
compromising radiation of classified information. Two factors differentiate it in this
respect from the more commonly used CRT/KBD terminal. First, there is not a continual
electromagnetic data-related signal, such as the CRT electron beam; data once displayed is
stored on the display surface resulting in electromagnetic radiation with essentially random
characteristics. Second, correct engineering units can be supplied by back-projected
microfilm overlays. This reduces or eliminates classified information which must be
transmitted from the host processor to the dipslay. The Plasma/KBD is connected to the
QLDA or UTR processor through a 25 kilobaud full duplex link which is used to transmit
both display data and keyboard inputs.

REAL TIME SOFTWARE

All the Real Time acquisition, processing, and display functions described above are
controlled by a software computer program configuration item (CPCI) called Real Time
Applications (RTA). This CPCI is divided into a number of component modules, some of
which operate in each of the four types of real time processors. Communication between
these functional modules, whether residing in the same or different processors, is
accomplished through the Distributed Operating System (DOS) intertask communications
capability. The deliverable TIPS configuration consists of 17 processors: six TPPs, six
QLDAs, one UTR, two MSC, and two CICs; however, the RTA software is designed to
accommodate the “full growth” configuration of 27 processors, presently envisaged.
Although detailed description of the RTA is beyond the scope of this paper, a brief
overview of the RTA interfaces and functions will suffice to integrate the preceding
descriptions of individual components.

Interfaces

The RTA CPCI interfaces with the following programs and CPCIs to provide the listed
capabilities:

a. Interfaces with the SEL Real Time Monitor (RTM) program and the CPCI provide the
following capabilities:
1. Access to the Run-Time File (RTF), Check Point File (CPF), and Process Update

File (PUF) on MSC master disk pack



2. Routing to initiate batch jobs in the Near-Real Time Batch Processing subsystem
(NBP)

3. History file recording
4. Controller console interface
5. Plasma/keyboard interface
6. Printer/plotter interface
7. Range safety modem interface
8. Communication controller interface
9. Telemetry front-end interface
10. Compressed data interface
11. Raw data interface
12. Job log recording in history file
13. Recovery interface

b. Interfaces with the DOS CPCI provide the capability of batch job initiation.

c. Interfaces with the RTF, generated by the TIPS Telemetry Compiler CPCI, support
operational requirements, as defined by the user.

The functional interface of the RTA CPCI with the user and other TIPS subsystems is
illustrated in figure 4.

Figure 4.  Real Time Applications Interface Block Diagram



Functional Requirements

RTA processing is divided into 14 functions. These functions are addressed in groups
based on processing relationships. The groups are as follows:

a. The phase initialization group includes the following functions:

1. Resource allocation
2. Intertask communications establishment
3. RTF completion and distribution
4. Local processor initialization
5. System exerciser

The processing needed to initialize the phases of a TIPS operation are performed prior
to the running of each operation phase. A phase is an interval during an operation in
which the link/equipment configurations remains constant. A planned change to a
link/equipment configuration constitutes the start of a new phase. An operation may
have one or several phases, depending on the objectives of the operation.

The initialization process is accomplished by executing a series of set-up and channel
test messages in each of the processors participating in a TIPS operation phase.
Coordination of initialization tasks is the responsibility of a TIPS Operation Executive
(TOE), one of which Is dedicated to each operation.

b. The recovery group includes the following functions:

1. Real time operation checkpointing
2. Failure detection and recovery

During the conduct of an operation, ongoing tasks prepare for the recovery of real time
processing conditions in the event of failure. Failure detection functions monitor
hardware and software performance to determine the need for reporting failures to the
TIPS controllers. Recovery preparation, and failure detection functions are performed
by participating processors and the TOE in real time. Recovery procedures are
accomplished with minimum interruption of the real time operation processing.

c. The real time telemetry data processing group includes the following functions:

1. History recording
2. Telemetry acquisition
3. Full frame processing



4. Display processing
5. Special processing
6. Command processing and control

The real time processing, display, and recording of telemetry data is performed as
specified by the Run-Time File (RTF) for an operation.

d. The final processing of an operation or a phase is performed by the operation (phase)
termination function. Termination processing is performed at the end of a phase or
operation in order to achieve an orderly close down of a link or an entire operation.
This termination processing is invoked by a TIPS controller.

These functions are logical processes or combinations of processes performed by one
or more software tasks residing in the physical processors of a TIPS operation
configuration.

The relationship between the major RTA functions as described in this specification is
illustrated in figure 5.

Figure 5.  RTA Functional Block Diagram



CONCLUSION

The requirements to acquire, process, and display data in real time at SAMTEC have
resulted in the development of hardware and software components which have been
configured to form a versatile system meeting these requirements. State-of-the-art
technology at the component level has been used to implement a true advance in the state-
of-the-system-art. The use of hardware, firmware, and software has been balanced to use
each technology with a maximum of effectiveness and efficiency. The devices and
system..Concepts described herein have a wider applicability; they can be easily adapted
to solve similar telemetry and data acquisition problems elsewhere.
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