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A PCM DATA SEQUENCE CONTROLLER1

CHARLES S. JOHNSON
Sandia Laboratories

Summary   The PCM Data Sequence Controller described in this paper is used to
interface a memory-controlled PCM encoder with a plated wire memory to form a unique
digital data compression and storage system. The memory-controlled PCM encoder is used
to select formats and convert input analog data channels into a PCM bit stream which is
both transmitted and stored in a plated wire memory. The encoder is also used to retrieve
information from the plated wire memory and retransmit it. The system provides both
temporary and permanent data storage for the telemetering of data in a severe environment.

Introduction   The sequence controller in part of a system that is used to compress, store,
and retransmit PCM data where there is a high probability that the transmission link will
fail. Since it is important to obtain the data, a plated wire memory is interfaced to a
memory-controlled PCM encoder, so that the data can be digitized and transmitted and
also be stored for later retrieval. The limited capacity of the plated wire memory,
necessitates compressing the data by collecting it only during the time periods when the
data channels are active.

The block diagram in Figure 1 shown the digital storage system organization. Power
comes from nickel-cadmium batteries and in made available to the remaining parts of the
system through a power control box. The system receives two signals. One in a “Power
on” and the other is an indication to take either calibration signals or date. The control box
transmits these signals to the sequence controller which in turn controls the PCM encoder
and the plated wire memory. The sequence controller contains a software program to
govern the data gathering and retrieval processes. This paper deals with sequence
controller’s operation and how the sequence controller interfaces the PCM encoder to the
plated wire memory. A brief description of the PCM encoder and the plated wire memory
aids in understanding of the operation of the sequence controller.

Memory-Controlled PCM Encoder   Three 1024-bit Read-Only-Memories (256 words
by 4 bits) control and select the number of high-level, low-level, and bi-level inputs used in
the PCM output format (see Figure 2). The Read-Only-Memory (ROM) in the encoder
also controls the time multiplex sequence of the input channels. The encoder input
channels may be super-commatated, subcommutated, or sub-subcommutated by the



instructions that are programmed into the Read-Only-Memories. The bi-level channels are
organized on word basis and in this particular application are six channels per bi-level
word. The ROM in the encoder contains the frame synchronization codes which are used
to signify the start of each main frame.

The encoder is so configured that a number of functions can be selected during operation
by the application of external logic signals. The external logic signals in this system are
furnished by the sequence controller. The encoder is configured to encode 6-bit data
words. The internal output shift register (OSR) clock signal is removed from the encoder
and used as a clock for the sequence controller. This clock is the same as the bit rate at
which the encoder is operating. The master encoder clock rate operates at twice the
highest bit rate. The master encoder clock output is divided by binary counters in the
sequence controller and reinserted into the encoder on an external clock input line. The
encoder has 64 high-level channels, 0-5 volts, and 16 low-level differential, 0-40 millivolt
channels, and 64 bi-level channels. Not all the channel capability is used in this particular
application. (For additional information on the operation of the memory-controlled PCM
encoder and its potential applications, see References 1 and 2.) The PCM encoder is
manufactured for Sandia Laboratories by General Dynamics of Orlando, Florida.

Plated Wire Memory   Because of its capability to operate in a difficult environment, a
plated wire memory was chosen as the storage medium for the digital data. (See Figure 3.)
The plated wire memory is a true nondestructive readout (NDRO). The memory used by
Sandia Laboratories in this application was manufactured by Motorola’s Government
Electronics Division in Scottsdale, Arizona. The memory has a total capacity of 196,608
bits. It is organized in 8,192 words of 24 bits each. The particular memory used has a
capability of accepting either serial or parallel data. Data can also be retrieved from either
serial.or parallel outputs. In the system only the serial input and output data lines are used;
however, some testing and readout of the memory employs the parallel data input and
output lines. In this particular application the memory operates under command of the
sequence controller which tells it when and what address to read or write. All the input,
output, and control lines in the memory are compatible with TTL logic which was used
also for the sequence controller.

Sequence Controller   The sequence controller contains all the timing functions and
instructions for the operation of selecting PCM encoder format, plated wire memory
addresses, and read/write functions of the system. The programming functions are selected
by programable Read-Only-Memories. Controller design required the selection of a
number of varying functions and for that reason, Read-Only-Memories were chosen. While
it would have been possible to have used some section of the plated wire memory in which
to store this information, it was decided that the Read-Only-Memories would be the most
effective way of designing the controller. One other reason for using ROM was the



necessity of developing the sequence controller before the plated wire memory was
available. In order to carry on this design effort concurrently with the fabrication of the
plated wire memory system, it was necessary to make the sequence controller a stand-
alone package. All programing of the sequence controller functions can be accomplished
by programming of the Read-Only-Memories. A new sequence of events other than those
described in this paper can be accomplished by reprogramming a new set of Read-Only-
Memories and inserting them into the sequence controller.

Controller Programming   The complete sequence of operation is shown in Table I. The
information is Table I can beat be explained by going through each column. The “sequence
number” is merely the numerical sequence in which the system will proceed. The “format
letter” relates back to the format that is being selected in the encoder in and for that given
sequence. The formats are shown in Figure 4. The “nominal bit rates” indicate at what rate
the encoder and the sequence circuitry is clocking. The “instructional code” is the code
upon which the sequence controller is operating. “FMID” stands for the Format
Identification word and is the result of passing the instructional code through some
“exclusive-or” logic gates in the PCM encoder and outputting them in an error-correcting
type of code. By, observing the FMID words programmed into each format, one can
determine if the controller is proceeding through all the appropriate sequences of collecting
data. The “encoder address” relates to the octal address to which its internal ROM must be
set in order to call up the particular format. The “system function” is divided into three
particular functions, two of which are writing functions. The system will write calibration
signals upon command, which means it is coming on and dumping a certain number of
calibration signals into a portion of the memory. When commanded into a “write data
sequence,” it will collect the data available to the encoder at that time period. The data are
stored in the memory for the number of bits indicated under “storage bits.” The nominal
times for data storage are listed in the “time sec.” The memory location of the data
collected in a given sequence is shown under the “address columns” at the far right in
Table I.

The sequence controller is programmed by deciding which formats are desired at what bit
rates and how much memory is to be used. Although the sequence shows that the system
proceeds through the memory from lowest address to highest address, it is not necessary
that the system be arranged in this manner. Any block of data could be assigned to any
portion of the memory. Readout sequences can be fashioned so that they go to any portion
of the memory and take data out of it. In this fashion the system is software dependent
upon programming and not upon the hardware.

The encoder formats are all basically related to the frame length of 96 words. Examination
of the formats, however, will show that many of the supercom channels, such as high
levels 8 through 12, are dropped out of the other formats. Formats B and C can be



arranged differently. For example, Format B can be decommutated as a frame of 36 words.
However, by making the encoder do a frame code complement type of formatting, it was
possible to stretch Format B to 96 words. Format B can thus be programmed on a decom
as either supercom. channels in a 96-word-length frame or a basic 36-word frame with a
3-deep subframe. Format C can likewise be used either as a 96-word frame or a 16-word
frame with a 6-deep subframe. The reason for this type of encoder frame lengths is to
permit field testing and checkout of the system by programming a decom. to recognize a
basic 96-word frame. When sequence controller reads sequence 8 from the memory, it
reads all the data collected previously. By observing the FMID words collected under the
previous five write formats, it is possible to determine that the memory has been loaded
properly. The FMID word appears in all formats in word four. Thus, by looking for this
word on the decom, one can observe the change in binary value of the FMID word and
determine that all formats have been called up. The remaining Format D is a simple serial
digital format that enables the encoder to accept serial digital data from the plated wire
memory.

Controller Electrical Operation   A limited number of lines are available for controlling
the digital storage system. The system therefore operates on its preplanned software
routine (see Figure 5). When a signal to turn on power is received in the control box, all
power “dc to dc” converters start operating. The power-up detector in the sequence
controller detects when all 5-volt supplies reach a value greater than 4.5 volts. At this time
the sequence generator starts sending out control signals to set up the desired sequence. If
a voltage level greater than 2 volts is present on the cal/data line, sequence 1 is selected.
Format A operates at a nominal bit rate of 2 kilobits. The encoder collects data which is
written into the memory in the first group of 3,040 bits. Stored in the programmed ROM’s
is an information bit indicating that the system should stop and shut off at the end of the
sequence. If the data-taking sequence is to be executed, a low-voltage less than a TTL low
logic level or an open line indicates the desire to take data. Sequence 2 begins and
proceeds through to sequence 8. These options are functions of the software instructions
programmed into the ROM. Once the instructional code associated with the given
sequence is selected, it is routed to the format select ROM, the bit-rate select switch, and
the memory address counter ROM. The desired format address is sent to the PCM
encoder. The encoder also receives a signal to initialize the format circuit and force it to
accept the new address. The bit rate is selected and routed through the bit rate divider
chain into the encoder. The instructional code going to the memory address counter ROM
applies the start address to the memory address counter. A signal from the sequence
generator dumps this address into the memory address counter. At the same time, the
MAC ROM applies a stop address to the comparator.

The PCM encoder has some delay before it can start outputting valid data. Its own internal
registers require at least a 3-word (in this case, 18 bits) delay before valid data is present



on the data line into the memory. There is also a certain amount of jitter in the acceptance
of the initialize signal which means a few bits of uncertainty as to when the exact format is
available. To aid in selecting the first valid format, the sync pattern detector monitors the
memory data line The first valid sync pattern of the format detected is an indication that
the data now in the plated wire memory serial register are valid and that the data should be
loaded. Once the first initial detection of valid data is accomplished the memory initiate
control circuit takes over and periodically loads every 24 bits of data into the plated wire
memory. After loading, the memory address counter is advanced. At the same time, when
the new address is available in the counter, it is checked to see if it is a stop address. If it is
not a stop address then data continues to be loaded into the plated wire memory. The
address counter advances until the stop address is found. The comparator, upon finding the
programmed stop address generates a sequence restart signal. The sequence restart signal
goes to the sequence generator and a new instructional code is selected for beginning
another one of the preprogrammed sequences. If that sequence happens to be a data
retrieval sequence, then immediately after selecting the proper memory address, the plated
wire memory is initiated under a command to read. Data at that initial address is then
available to be sent into the PCM encoder. Under a command to read, the OSR clock is
locked out until the serial enable signal provides the OSR clock enable. The data can then
be clocked out of the plated wire memory into the PCK encoder.

The memory initiate control circuitry continues to initiate every 24 bits and loads new data
into the plated wire serial output shift register. The individual initiating pulses advance the
memory address counter to new addresses and at the same time, make a stop address
comparison. When the stop address is reached, either a sequence restart signal or a shut-
down power signal is generated. If the sequence just completed is the last sequence then a
software programming option generates a shutdown power signal and sends it to the
memory power control circuit. The power to the memory is turned off to protect the
memory and prevent any spurious initiate signals during the turn-off sequence. After a few
milliseconds delay, a system power shut-down signal goes to the power control box to
remove power from all of the remaining circuitry.

The sequence controller also contains a precision 10 kHz reference clock which drives a
series of counters. The counters supply signals to the encoder bi-level words which form a
timing base for relating the memory data back in time to the beginning of the sequence.
One of the counter outputs (312.5 Hz) also feeds the bit rate select circuit. The encoder
requires a twice bit rate clock. The 312.5 Hz therefore is used for the nominal 150-bit rate
in sequence 7. At all times, the PCM encoder, in addition to feeding data to the plated wire
memory, sends the same data in realtime to a remote trailer. Should the PCM output line
fail, the desired data is preserved in the plated wire memory. At a later time, the plated
wire memory is retrieved and the data recovered.



Associated Test Equipment   Two pieces of special equipment were designed to facilitate
the installation and use of the sequence controller.

One piece is a mini-decommutator. The mini-decom is hooked into the sequence controller
and uses the OSR clock and the serial data lines to form a means of checking on the
operation of the system at the installation location. The memory address counter and the
instructional code bus also are monitored by the mini-decom. Thus, it is possible to do
signal monitoring and other types of measurements without resorting to the use of the bit
synchronizer and a decommutator at the remote station location. The mini-decom also
contains switching which enables the user to switch to any particular sequence and hold
the sequence controller in the selected sequence while the checkout of channels in the
PCM format is accomplished. The other piece of test equipment is a plated wire memory
tester. This equipment is actually more than just a tester. It enables the direct readout of
any particular address and facilitates determination that the data are being properly loaded
into the plated wire memory. The tester also can execute a serial readout of all data in the
plated wire memory. The original information stored is in the form of a PCM format;
therefore, it is possible to read the data by going into a serial read mode and send the
output of the plated wire memory tester into a bit synchronizer and a decomnutation
system. Thus, the data can be processed and handled as regular PCM data.

Conclusion   The sequence controller was designed to have a great deal of software
flexibility. New formats can be programmed into the PCM encoder and new sequences can
be programmed in the controller ROM’s. The plated wire memory can have new
allocations of data blocks and new bit rates can be chosen for the operation of the PCM
encoder and the system. The basic design will also allow other random access memories to
be used in place of the plated wire memory.
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Digita1 Storage System of Operation
TABLE I

Block Diagram of Digital Storage System
FIGURE 1



Memory Controlled PCM Encoder
FIGURE 2

Simplified Block Diagram of Plated Wire Memory
FIGURE 3
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