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RECENT ADVANCE IN INSTRUMENTATION
RECORDING TECHNOLOGY IN CHINA

Zhan Xinnong
Beijing Research Institute of

Telemetry, Beijing, China

ABSTRACT

In this paper the YJ2-4 portable tape recorder, which was recently developed by Beijing
Research Institute of Telemetry, is described, and some of its major design features are
discussed.

YJ2-4 is a high performance, wideband, and microcomputerbased recorder/reproducer
system, and compatible with existing international standards in the field of instrumentation
tape recording (ISO 6068-1985 and IRIG 106-86).

INTRODUCTION

Instrumentation tape recorder was an essential mass data storage facility in telemetry,
remote sensing, and other modern data acqusition system. China’s instrumentation
recording technology began to develop from the early 1960’s. Steady progress has been
made during the past years. Beijing Research Institute of Telemetry is one of the major
developers and manufactures of instrumentation tape recorder in China. In the past more
than twenty years, BRIT has developed many tape recorders of different types: spaceborne
recorders, airborne machines, portable recorders, and laboratory recorders, used
successfully in a series of spaceflight missons in China.

The YJ2-4 portable tape recorder (Figure 1) is a new wideband machine made by the
BRIT. It can be used for acquisition and retrieval telemetering data under airborne,
shipborne, or laboratory enviromental condition.

YJ2-4 DESCRIPTION

The main features of YJ2-4 are summarized below:

S 25.4 mm (1 inch) wide magnetic tape with 14 tracks, which is widely used, but 7 tracks
on 12.7 mm (1/2 inch) tape or an extension to 28 tracks on 25.4 mm (1 inch) is feasible.



S Seven bidirectional electrically selectable tape speed: 4.7 to 304 mm/s (1 7/8 to 120
ips).

S The precision tape transport handles reels of up to 356 mm (14 inch) diameter in a
coaxial arrangement.

S Recording modes: 2.0 MHz DR, WB2 FM, and HDDR.

S An integrated microcomputer is added in aid of operating the machine and monitoring
the status of operation.

S Under the control of the microcomputer and the built-in calibration and measurement
system, the machine can be set up, calibrated and operated under field conditions
without any external equipment.

S Compatibility with existing international standards in the field of instrumentation tape
recording ( ISO 6068-1985 and IRIG 106-86 ) for interchange of tapes between
recorders.

The YJ2-4 consists of tape transport, record and reproduce heads, capstan servo, reel
servo, signal electronics, calibration and measurement system, and power system, Figure 2
is a simplified general system block diagram.

The tape transport uses a closed-loop drive system, with coaxial reel arrangement. The
capstan is driven by a slotless DC motor, speed controlled by a phase lock loop
comprising a crystal time base and an optical tachmeter, having 5000 slots, integrated with
the capstan shaft.

The reel servo maintains tape tension by controlling the speed of the takeup and supply
reels. The coaxial reel hubs are directly driven by a coaxial slotless dual torque motor.

The magnetic heads is made ferrite material. It gives very high resistance to abrasion by
the tape and the head life is up to 3000 hrs even more.

On the record board and reproduction board of the signal electronics, all the circuits
associated with speed are contained. They are automatically swicthed by the tape speed of
the unit.

The microcomputer control system manages nearly every aspect of operating the YJ2-4.
Its design features are further explained below.



THE ROLE AND CONSTRUCTION OF THE MICROCOMPUTER

The ever-developing requirements of demanding users has resulted in the development of
instrumentation tape recorders to a level of sophistication and complexity which makes
these recorders difficult and time consuming to check and regulate. Using the
microcomputer control to combine human decision with machine intelligence will be
undoubtedly helpful for improving this situation and attaining more simplification of
operation with increased reliability.

In YJ2-4, the traditional wired logic of the recorder is replaced by programmed logic based
on an microcomputer. Every operation, except applying and removing AC power, is
controlled by the microcomputer. The microcomputer performs the normal housekeeping
tasks of a recorder and also many extra capabilities.

To sum up, they can be devided into three groups:

(1)  Transport control and safety monitoring
(2) Operational control (shuttle mode and track sequence)
(3)  Auto-test and calibration

During the study phase of YJ2-4 design, various microprocessors were considered and
evaluated. From the many contenders, the Z80 system was selected. The microcomputer
system consists of a Z80 microprocessor (CPU) chip, nonvolatile Random Access
Memory (RAM) chips, a Z80 Counter/Timer Circuit (CTC) chips, and some of Z80
Parallel Input/Output Controller (PIO) chips.

SYSTEM DESIGN CONSIDERATIONS

The hardware system is composed of the control logic board, memory board, clock/bias
generator board, display driver board, channel selector and calibrator board, measurement
monitor board, and control panel. Through PIOs, the microcomputer communicates with
various subsystems that make up the YJ2-4.

The user can operate the machine through the multifunctional pushbuttons, the tape
speed/numbers keyboard, and some of dedicated control pushbuttons on the control panel.
By use of four displays, the selected tape speed, the metric count values, the monitoring
track , the results of the calibration and measurement, the shuttle points, and the track
sequence program can be displayed respectively. The operating conditions and alarm state
are show by various indicator lamps. Additional information (BOT/EOT, program error,
auto-test fail, etc.) are transfered via flashing the indicators, or displaying special letter on
the displays.



In cooperation with the hardware system, the monitor was written and copied into
firmware.

When the power for the system is switched on, or the RESET key is pressed, the program
counter is reset to 0000 and the instruction at this location is executed. First, the
initialization instructions are executed. Namelly, the stack pointer is set, the CTC and the
PIOs conditions, the marking area and the display buffer are initialized. Then the main
program of the monitor is entered. The CPU time-share refreshes the displays and the
indicators, enables to interrupt. During this time, if and when the request for interruption is
received by the CPU, the monitor branches to interrupt processing, or else cycles in the
main loop.

When the interruption processing was being entered, first the monitor has to decide which
event, or whether the command key or the status monitor is requesting interruption service.
The monitor scans keyboard and switches to the key decoded program if the interruption is
caused by the command key. If the interruption is caused by the status monitor, program
execution jumps to the appropriated status interruption service program.

CONCLUSION

The YJ2-4 high performance portable wideband tape recorder with microcomputer control
has been described, which represents recent advance in China’s instrumentation
technology.

It is useful in systems that require efficient storage of large quantities of data.
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Figure 1.  YJ2-4 portable tape recorder

Figure 2.  YJ2-4 system block diagram


