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ABSTRACT

Low cost recording devices for telemetry and other data acquisition applications are of
vital importance in light of today's shrinking budgets and project cut-backs. The desire
to replace large, expensive, multi-channel recorders with smaller, less expensive
recorders is becoming commonplace in government and industry. Many of these small
recorders in the past have been limited to a single recording channel, and to one
particular data type, due to recorder architectures.

The 8 millimeter (8mm) tape cartridge recorder has been looked at in the past as a low
cost recording device, however products utilizing this technology have been strictly
limited in the number of channels, and data types. In response to this need, Veda has
developed a new data acquisition recorder utilizing an 8mm recorder packaged in a
small, flight qualified rugged enclosure with modular, and interchangeable, input
channels. These microprocessor controlled inputs are capable of accepting PCM
telemetry, MIL-STD-1553, voice, IRIG time, and ARINC 429/629 data. The new
architecture allows for multiplexing of multiple channels onto the single channel tape
medium as well as direct playback from the recorder for certain data types. This paper
will discuss the recorder's architecture, design problems solved during development,
and general capabilities.
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INTRODUCTION

Analog recorders have always been the most flexible, and easiest way to record
multiple channels of data in the traditional telemetry system architecture. Recorders



laid down tracks of data in a parallel recording scheme that allowed users to not only
record several streams with the same recorder but also allowed channels for time
signals and other analog data of interest. Various manufacturers of these recorders
have been around for years and the recorders tend to be large, expensive, and difficult
to ruggedize for airborne requirements.

The goal Veda set out to achieve in the design of a digital recorder subsystem, was to
provide a replacement alterative to analog recorders in applications where budgets
were somewhat limited, but one or more channels of PCM data needed to be recorded.
In examining the problem further it was determined that ruggedization of the recorder,
and design modularity would greatly expand it's usefulness to users. Ruggedization
would allow the recorder to be used in airborne, shipboard, and mobile surface
vehicles. Design modularity would allow users to reconfigure the recorder and adapt
to different operational scenarios.

This paper will present an overview of the recorder subsystem's design evolution. The
problems and limitations, as well as the features and accomplishments will be
discussed in terms of design decisions and architectural trade-offs.

8 MILLIMETER CARTRIDGE TAPE DRIVE

The Exabyte Model 8505, 8 millimeter cartridge tape drive was chosen based upon
previous corporate experience. Previously, an Exabyte drive had been successfully
ruggedized, and integrated into the electronics suite of a United States Navy E-2C
Hawkeye aircraft. Front end electronics had been packaged with the recorder to allow
recording of several streams of digital data. Familiarity with the recorder, and its
requirements for packaging in a rugged environment drove the decision to use the
Exabyte.

The drive's performance characteristics were also within the limits we were looking
at. The Exabyte is an incremental digital recorder, communicated with via a Small
Computer System Interface (SCSI) bus. Both data and commands are transferred over
the SCSI interface. SCSI is a PC compatible, widely recognized and used, peripheral
interface bus. Utilization of this technology allows future interchangeability with new
drives and host micro-processors. Other pertinent characteristics evaluated were:

o) 500KBytes (4 Megabits) per second transfer rate
o) Capacity of 5 Gigabytes on a tape
o) Non-recoverable error rate < 1 in 10E17 bits read



EMBEDDED MICRO-PROCESSOR

In order to provide a recorder subsystem that was highly modular and reconfigurable,
it was decided that a general purpose processor Circuit Card Assembly (CCA) with a
SCSI interface controller would be used in all configurations of the recorder. See
Figure 1. Various input CCAs could then be plugged into the main processor CCA,
allowing different types of input data, but keeping the processor-to-SCSI
controller-to-tape drive path, constant. A Motorola MC68340 high performance 32 bit
integrated processor was chosen as the main processor.

Figure 1 - Processor Circuit Card Assembly

Briefly its major features include:

o) Motorola CPU32 (68000, 68010, 68020) code compatible
o) Unique embedded control instructions
o) Built in two channel DMA controller
o) Built in two channel USART
o) Built in System Integration Module (SIM)

The SIM provides chip select and wait state generation, clock generation, dynamic bus
sizing, 16 I/O lines, external bus interface, interrupt timer, interrupt response, and
power-on reset functions. To enhance the versatile nature of the processor board,
generic memory sockets were used to allow several types of memory devices
including SRAM, (UV)EPROM, Flash EPROM, and EEPROM.



The interface between the processor and the tape drive was accomplished with a
MB87034 SCSI controller chip. This chip was chosen because it provides a dedicated
DMA channel separate from the microprocessor interface. The MC68340 can be used
to set up the controller and handle control/command operations, but a DMA channel
can be used to actually transfer data to and from the SCSI bus. This architecture keeps
the processor free from actually moving data through the subsystem.

INPUT CIRCUIT CARDS

Once the main processor board was specified the interface to the input CCAs needed
to be decided upon. Since the design goal was to utilize a DMA channel to the SCSI
controller chip the interface was fairly straight forward. A FIFO like buffer is required
on the input CCA that uses DMA handshaking to transfer data to the SCSI controller.
Several FIFO designs have been utilized on various input CCAs. A bi-directional
FIFO with DMA channel compatibility from IDT was used for one interface, while a
dual ported RAM chip in conjunction with a custom large scale programmable device
was used on another. The interface type chosen has been dependent upon specific
input data CCA requirements and a more detailed discussion of those requirements is
not within the scope of this paper.

As mentioned previously the initial application use of the recorder subsystem was for
telemetry PCM data. The PCM input CCA was designed to receive and playback up to
four streams of PCM data. The simplified block diagram in Figure 2 depicts the four
PCM streams brought into serial to parallel FIFOs. Each stream is received with an

Figure 2 - PCM Input Circuit Card Assembly

accompanying bit clock. Each stream may be recorded at different frequencies. An
on-board TI TMS320C40 DSP processor handles the time tagging, directory building,
and multiplexing of the data steams into a single stream. That single stream of data is



sent to a FIFO bank and transferred to the main processor board and SCSI controller
via a dedicated DMA channel.

The TMS320C40 multiplexes data during the record process and also performs the
demultiplexing of data during playback. Playback data is loaded into one of four
parallel to serial FIFOs for transmission as PCM output data. The data is clocked out
using either an internal programmable clock or an external user supplied clock. Each
channel may be individually clocked at separate frequencies.

MULTIPLEXING CHANNELS

Multiplexing of data from four channels was the most difficult part of the PCM CCA
design. A method of recording had to be used that allowed the data to be mixed into a
single stream for recording but also facilitated easy demultiplexing during playback. It
was decided that the data would be broken up into blocks using the input FIFOs as
buffers. The processor transfers each block for recording after adding an identification
header. The header contains a sync pattern, channel number, and byte count. The byte
count allows for variable block lengths. Each block with its associated header is
passed to the FIFO bank. During playback the processor syncs to the header and
distributes each block for output according to its header ID.

The drawback to this multiplexing scheme is that some of the recorder's bandwidth is
used by overhead. The input data rate for the recorder is slightly reduced. This is the
price to be paid for emulation of a multi-track analog recorder by a single channel
digital recorder.

ADDITIONAL INPUT TYPES

The design goal stated in the beginning of this paper included the ability to
reconfigure the recorder subsystem and receive different types of data inputs. Until
now this paper has limited discussion to the PCM input CCA. The architecture
utilized in the design of the PCM channel recorder subsystem allows for simple
transition to other configurations. By extending the DMA bus to a second input CCA
and giving the DMA controller some address bits to distinguish between multiple
sources, two channels of analog to digital conversion were implemented. The first
channel was designed for digitizing an IRIG B time signal while the second was
intended for digitizing a voice channel. Playback was accomplished using digital to
analog channels with the design constraint that a digitized channel must be played
back at the same rate at which it w as recorded. This restriction applies only to the
digitized channels, not the PCM.



Next, by removing the PCM input CCA, different data types may be recorded by
plugging in the appropriate input boards. MIL-STD-1553 channels, ARINC 429 and
ARINC 629, as well as serial AMD TAXI data boards can be installed in the recorder.
Embedded firmware may be resident on the processor board, or down-loaded from a
personal computer for the various input CCAs.

CONCLUSION

Alternatives to large, expensive, multi-channel analog recorders for telemetry and data
acquisition systems do exist. Veda's Ruggedized Digital Recorder Unit (RDRU)
provides multiple channels of reconfigurable data inputs for recording on an 8
millimeter cartridge tape drive. The Veda, recorder is relatively low cost compared to
large analog recorders and is a good replacement when data rates are under 4
Megabits per second, and no more than 6 channels of input data are required.
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