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Real-Time Storage for Modern Telemetry Processing
Systems

Dave Hollstien
Loral Instrumentation
San Diego California

ABSTRACT

With the ever increasing demands for higher data volumes and faster data rates, the
real-time storage of data is consuming a vast majority of the conventional Telemetry
system’s processing bandwidths. General purpose computers have traditionally shared the
real-time functions of data storage and operator data and graphic displays. Although the
power of the general purpose computer is increasing year-by-year, the telemetry data
storage and display requirements are increasing at a far greater pace. Even the fastest host
processors have proven incapable of keeping pace with these requirements. This paper will
address an architectural approach to real-time storage that will relieve the host processor
of this burden.

Introduction

Real-time telemetry data is often recorded to allow playback at either higher or lower than
real-time rates. Recording the telemetry data also allows remote acquisition of the test
data, preserves the test data in a repository, and provides a means of transferring data to a
host processor for large and complex computations.

Telemetry recording requires unique capabilities of both the storage device and the storage
medium. Among these required capabilities are high fidelity, long term stability, standard
data formats, and maximum storage bandwidth and storage capacity.

Recording at maximum recording rates and, subsequently, replaying at lower rates extends
the effective bandwidth of the host processing system. In addition, recordings may be
replayed several times, allowing exhaustive processing to be performed on portions of the
telemetry data.



Background

Data may be recorded at various points in a telemetry system. The PCM stream has been
recorded and redecommutated for analysis. Alternatively, the host processing systems have
often performed the storage function after receiving the data from a telemetry front end.

PCM telemetry data has traditionally been recorded by analog tape systems.
Unfortunately, analog systems suffer from relatively low signal to noise ratios (SNR), as
well as, adjustment and maintenance problems. Recently, high density digital techniques
have extended the bandwidth of tapes systems. These high density digital systems also
alleviate problems encountered in the analog systems, however, they do not offer
standardized data formats for transferring telemetry data to common computing systems.

Host processor storage systems are severly limited in maximum storage bandwidth since
the general purpose architecture of the processor does not lend themselves to high-speed
transfer of data through the computer. The maximum bandwidth of the entire telemetry
system, therefore, is ultimately bounded by the performance of the host processor, system.

Mass Storage for Telemetry Systems

Configuring standard computer mass storage devices as a part of a telemetry front end,
solves virtually all problems associated with conventional storage systems. Since all data is
stored digitally, the SNR is high, and the data formats are inherently computer compatible.
Additionally, and most importantly, the interface between the telemetry system and the
storage device may be optimized for maximum transfer rate, without burdening the host
processor.

A variety of mass storage subsystems have been developed for the computer industry. The
most common are magnetic tape and disk systems. The device which interfaces telemetry
data to mass storage subsystems is known as a controller. Controllers convert and present
data to the storage systems, as well as, provide the actual physical interface.

The evaluation of the storage data rate is crucial in selecting an adequate storage system.
Data rates are ideally expressed in terms of measurements or parameters per second (pps).
Since the telemetry data will be decommutated prior to storage, an identification tag
associated with each data item must be stored alone with the data.

Tape Based Systems

Tape manufactures have developed a standard format for transferring and storing digital
data. These formats have been formalized by an ANSI subcommittee, and are commonly



called standard 1/2 inch Magnetic tape format. Most major computer manufactures provide
controllers and drives which adhere to these standards.

Four formats currently exist for digital tape systems. These formats are identified by their
data density capacities in bytes per inch (bpi). The 800 bpi NRZ-L format is an old format
which is currently being outmoded, yet is still available. The 1600 bpi PE format is by far
the most common format. The 3200 bpi GCR and 6250 GCR formats are both relatively
new formats for high density storage systems. Data is stored as blocks with a variable
number of blocks.

The data rate of a particular drive is derived from the data density and the tape speed.
Drive tape speeds are rated in inches per second (ips). The byte rate, therefore, may be
roughly calculated from the product of the bpi and the ips figures for a tape drive. More
accurate calculations include inter-record gaps and block length information.

Three types of tape drives are available. These types are streaming, start/stop, and hybrid
drives. Streaming drives have a minimum rate, as well as, a maximum rate specification.
The advantage of these drives are their low cost: however, since telemetry data often has
data rates lower than the streaming drive’s minimum, these drives are inappropriate for
most telemetry applications. Start/stop drives are more complex devices, and have no
minimum rate. Hybrid drives combine the best of both previous types by providing an
interface which appears to act like a start/stop drive but, is actually implemented with
streaming tape drive.

The data formatting interfaces to tape drives have also been standardized. A variety of
standards exist depending on the manufacturer. The most popular interface for mid-
performance, low cost, systems is the Pertec standard interface. This interface was
developed by Pertec Incorporated: however, drives with this same interface are available
from numerous vendors.

Disk Based Systems

A wide range of disk systems are available for computers today. Hard disks systems have
adequate transfer rates and capacities for modern telemetry systems. These disk based
systems offer vastly increased storage bandwidths over tape systems, and have random
access to data rather than the sequential access of tape systems. Unfortunately, format
standardization has not been as prevalent for disk systems, since disks are not often
exchanged between drives from different manufactures.



Disks may have fixed or removable storage mediums, as well as, fixed or movable head
assemblies. Fixed medium systems usually have higher on-line capacities than removable
systems. Fixed head assemblies have lower capacities but faster random access rates than
do moving head systems.

Capabilities and specifications of disk systems vary widely, however, relatively few
interfaces exist. The defacto standard interface for medium to large high performance, hard
disk drives is the Storage Module Drive (SMD) standard interface. The SMD interface
was developed by Control Data Corporation and has been accepted as a standard by most
leading disk manufactures.

Extensions have been made to the SMD standard, allowing higher data rates and greater
storage capacities, 800 megabyte, 2.4 megabyte per second data Data rates of 2.4
megabytes per second and storage capacities of 800 megabytes are available.

Controllers for ADS 100 Systems

The ADS 100 Advanced Decommutation System, built by Loral Instrumentation, is a high
performance telemetry front end based upon a data flow architecture, pioneered by Loral.
The data flow architecture provides a flexible framework for the addition of new features
and capabilities.

Loral provides both tape and disk controllers (in the form of plug-in option modules) for
the Pertec and SMD standard interfaces, respectively. These controllers, install directly
into the ADS 100 chassis and are designed to store and replay data without degrading a
host processor’s performance. Consistent with the ADS 100’s expandable architecture,
multiple controllers may be installed to increase the effective storage bandwidth. Up to
eight tape and eight disk controllers may be installed into a single ADS 100 system.

Each controller can control up to four tape or disk drives. This allows four times the
storage capacity of single drive systems. In addition, each controller may be programmed
to automatically switch drives when full, making it possible to record continually during
extended tests.

In general, multiple controllers are added to increase the bandwidth. while multiple drives
are added to increase storage capacity.

All tape and disk operations are controlled by using ADS 100 system commands and
menu-type display pages. A comprehensive set of data gather and playback strategies are
provided for each controller. Data may be stored over time intervals or event intervals and
time may be recorded with data so specific time periods can be replayed.



Digital Tape Interface

The ADS 100 Digital Tape Interface (DTI) Module interfaces the ADS 100 to drives
which use the Pertec standard interface. Currently. three tape drives have been interfaced
to the DTI. These drives are the Integrated Data Technology 1050, the Kennedy 9300, and
the Kennedy 9400. The following describes the data rates and densities associated with
each of these drives.

Drive Density Tape Speed Max. Data Rate
IDT 1050 800. 1600 45 ips 16K pps
Kennedy 9300 800. 1600 125 ips 44K pps
Kennedy 9400 800. 1600.  6250 45 ips 57K pps

The DTI  controller is capable of storing data  in blocks of between 2 and 16.384 bytes per
block. A directory is placed at the beginning of the tape to record the location of each file
on the tape. Files may contain file headers for information describing the contents of each
file.

SMD Hard Disk Controller

The ADS 100 SMD Hard Disk Interface Module interfaces the ADS 100 to SMD hard
disk drives. This controller is capable of dual porting to allow access to a disk drive by
two independent control sources, such as a host computer and the SMD controller. The
controller will interface to the Fujitsu M2351, and the Control Data Corp 9771 disk drives.
The following details the capacities, and data rates for each of these drives.

Drive Capacity Max. Data Rate
Fujitsu M2351 474 Mbytes 300K pps
Control Data 9771 800 Mbytes 300K pps

Storage bandwidth is optimized by storing data in sequential sectors on the disk, therefore
data is stored at peak disk drive bandwidth. All data is stored with a CRC check word that
ensures data integrity.

Conclusion

Conventional storage systems are inadequate in providing standard formats, high SNR, and
high bandwidth capabilities required for modern telemetry systems. By recording at the
telemetry front end with standard computer peripherals, all of these capabilities may be
met. Loral provides a Pertec tape controller and an SMD disk controller for the ADS 100
decommutation system. These are high performance controllers optimized for real-time
storage in telemetry processing systems.


