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SCI Systems, Inc.
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ABSTRACT

The MX Instrumentation Multiplexer Set is used to acquire data during test flights of the
MX Missile. The Multiplexer Set consists of a Multiplexer Programmer Controller Unit
(MU), from 2 to 32 Remote Multiplexer Units (RU’s), and any number of Power Supply
Verifier Units (PSV’S).

The primary purpose of the MU is to operate as the programmable system controller,
acquire local data inputs, and format this data along with data from the RU’s in a PCM
Output. The RU’s interface to the MU via Instruction and Reply Data Buses providing
remote data acquisition. The PSV’s provide an accurate stimulus voltage to the analog
sources along with a control to offset the analog signal for test verification.

Thirty-one of the possible 32 RU’s connect to the MU by two pairs of vehicle data buses,
while the remaining RU is connected via the umbilical data bus. This ground resident RU
is identical to the flight RU’s, but its functional requirement is quite different as it is
primarily used to load and verify MU programs. Each of the vehicle data buses can be up
to 130 feet in length with a 250 foot length allowed for the umbilical bus. An ideal
terminated bus is not feasible in the MX application since the bus configuration changes as
the missile stages. Staging will produce opens or shorts on the cable; to insure proper
operation of all remaining RU’s on the bus, the interface isolation transformer incorporates
both voltage and current windings to provide maximum secondary signal level with
minimum reflection distortion. The data bus operates at 3.2 MHz using a Manchester II
coded signal.

The MU can sample 160 local differential analog channels that are programmable in gain,
off-set, and to a maximum rate of 170,665 samples per second. A flexible grouping of
8 discrete inputs from the 96 discrete channels is programmable to a rate of 51,200
samples per second. The MU can also access data from four serial digital channels and
provide outputs on eight command channels. During pre-flight the commands can be



ground initiated, and following launch they can be time event programmed as well as being
programmed repetitive in either mode. The PCM rate is 1.6 Mbps and the MU stores five
in-flight selectable formats in a 4096 words by 16 bits CMOS RAM memory.

Each RU can access 28 analog and 8 discrete channels, and the RU can control two
command and six verification channels. The PSV does not interface to the data bus; it is
controlled via a MU or RU command channel.

The system can be externally synchronized or operated from an internal clock with a
graceful transfer to eliminate data loss. Small size, light weight, low power and high
reliability are primary characteristics of the system. Built-in monitors and fully automated
computer controlled test equipment provide rapid and extreme parameter testing with a
high degree of fault isolation.

INTRODUCTION

The MX Instrumentation Multiplexer Set with a full complement of 32 RU’s provides data
sampling of 1056 analog inputs, 354 discrete inputs, 4 serial digital inputs, and
72 command outputs. The system interface is illustrated in Figure 1. Figures 2 through 4
illustrate the physical configuration of each unit. The following paragraphs describe the
function of each unit and their interface relationships.

MULTIPLEXER PROGRAMMER CONTROLLER UNIT (MU)

The Multiplexer Programmer Controller Unit, known as the MU or Master Unit, is a
programmable controller for the MX Instrumentation Multiplexer Set. The MU contains
those electronics necessary to select and format data for PCM output. This data may be
sampled locally via MU housed data ports or remotely via data buses to Remote Units
which contain the data ports.

To perform these functions, the MU has a power converter, timing and control electronics,
format memory, telemetry PCM formatter, and an assortment of data interface ports.
Construction consists of 22 printed circuit boards of 14 unique types which interconnect
via a motherboard. The printed circuit boards consist primarily of 54LS dual inline
integrated circuits with limited discrete components for power conversion, special
interfaces and certain analog functions. A thermal plane resides between the PC board and
IC’s and is captured by the card guides to remove heat to the housing for dissipation. With
considerable I/O interface, a large interconnect from the external connectors to the
motherboard is required. This is uniquely solved in the MU and RU by employing a dual
rigid section motherboard with a flexible section between allowing a right angle bend to
house the external connectors on one section and the printed circuit board connectors on



the other. This is equivalent to having two printed circuit boards interconnected by flat
printed cables to eliminate hardwires. However, in the MU this is integrated into one
assembly providing higher reliability and lower cost unit fabrication. The MU requires
approximately 50 watts from a 28 volt source and is housed in an enclosure of
approximately 684 cubic inches. Reference Figure 2, “Master Unit”.

The NRZ-S serial PCM output is provided by both a differential and single-ended interface
operating at 1.6384 MHz. PCM data is organized into 8 bits for a byte time of
4.883 µ seconds. A sub-frame consists of 256 bytes for a rate of 800 sps (1.25ms). Each
byte time in a sub-frame is unique, i.e. programmable via an instruction in the memory
format. Eight sub-frames constitute a data frame. The data frame contains 2048 bytes of
which the first four (0 through 3) are reserved for synchronization. The data frame rate is
100 sps for a 10 msec period and is at the rate of an externally supplied IFSS frame sync
signal. Eight data frames result in a data cycle of 80 msec (12.5 sps) and is externally
synchronized.

The 256 data bytes in a sub-frame are sampled per an equivalent number of instructions in
a memory format. The format memory stores five formats utilizing 1280 words (5 x 256 =
1280) of 16 bits each to define the instruction. The remaining memory locations in the
4096 word memory are dedicated to subcommutated instructions. Instructions in this area
are accessed directly from sub-com instructions in the main format or time command
comparisons. Time commands utilize 128 words, 64 for the stored time and 64 for the
resulting instruction.

A format instruction, accessed each byte time, defines a local data port, remote data port
or jump to sub-com instruction. Local commands are decoded by the MU to access a local
data port. Remote commands are sent via the instruction bus to the Remote Units for
decoding and data access. There are four jump to sub-com instructions, each defining a
different sub-com rate of 200, 100, 50, and 12.5 (once per data cycle) samples per second.
The address in the sub-com instruction is modified per one of the four rates and the frame
number to generate the sub-com address. A second memory access in the same byte time
obtains the instruction to be executed.

The first of 64 time codes is read from memory and each data frame compared to the flight
clock which is initiated at liftoff. Upon a time compare, the associated instruction is read
from memory and executed during byte four of the data frame. A command flag (last bit of
the data frame sync) is set to identify the unique contents of byte four. The flight time
address counter is incremented and a read of the next flight time is initiated to then be
compared to the flight clock.



Table I lists the instruction commands along with the command fields. The following
paragraphs discuss each of the command types.

Jump to Sub-Com (JSCx)

The format memory is read during the first half of a byte time. The op-code is decoded and
if the code is a JSC a second memory read occurs during the second half of the byte time
to obtain the instruction from sub-com memory. The address from the first memory read is
the starting address of the sub-com location. Each sub-frame within the data cycle
increases the address by one to the repetitive limit defined by the specific JSC.

Remote Instructions (RANL, RDIS, RCOM, GCOM, and DTU)

Either of the Remote Bus Instructions (RUBA or RUBB) and the GCOM instruction
requires that the MU obtain the PCM data from a Remote Unit. The DTU instruction can
also reference a RUBA or RUBB instruction that would also require communication with a
Remote Unit. To execute these instructions the MU supplies a command via the
Instruction Bus that will specify which RU should respond and with what type data and
that data’s specific channel source. The RU will respond with the data via a separate
Reply Bus. The specific format of the instruction and reply words are shown in Figure 5,
“Instruction and Reply Bus Words”. The transmission of these words occupy a byte time,
and since they require 16 bit times the bus clock rate must be twice the PCM clock rate
(3.2768 Mbps bus rate). Both buses employ a Manchester II (split phase) code with sync
pattern. The sync is a one and a half positive transition followed by one and a half negative
transition combined with a flag bit that is always a Manchester logic 1 bit. Figure 6 “Byte
Timing”, illustrates the timing relationship of the bus transfers to the sequence of MU
activities. The normal remote instructions (RANL, RDIS and RCOM) require that the MU
pass the RUID and RU Instruction from the instruction accessed from memory to the
Instruction Bus transmitter. Except for a timing difference within the memory access byte,
this process is the same for remote instructions read from the main format memory or from
sub-com memory.

The Ground Command Instruction (GCOM) is a special case of a Remote Instruction and
is associated with the Defer to Umbilical Instruction (DTU). Two GCOM’s, which are
remote discrete codes, are transmitted as a pair over the Umbilical Bus to the Ground RU
having RUID code 1111. The two discrete replies, in addition to being supplied to the
formatter for PCM Output, are stored in the MU Umbilical Register. The two 8 bit discrete
data replies form a 16 bit instruction stored for later reference in the umbilical register. The
DTU instruction is used to access the umbilical register with the instruction stored there
being executed as if it has been read from format or sub-com memory. Obviously, this is a
pre-launch checkout feature of the system.



Local Analog (LANL)

The MU utilizes five Analog Multiplexer boards (A-MUX) and an Analog to Digital
Converter board (ADC). Each A-MUX has a total of 32 differential channels that can be
programmed as high level (0 - +5.08V) , high level offset (±2. 54V), low level
(0 - 50.8mV) or low level offset (±25.4mV). This provides 160 local analog channels that
can individually be sampled at a rate of 34, 133 sps and programmed sequentially in
different A-MUX’s for a maximum analog sampling rate of 170,665 sps. The instruction
includes the module address, channel address, and the offset and gain control bits. The
analog channel is encoded to 8 bits with varying tolerances depending on gain, common
mode, crosstalk, fault voltages, input impedance, and channel source characteristics.
Channel isolation is 40 db.

Local Discrete (LDIS)

The MU contains three discrete multiplexer (D-MUX) modules, each containing 32
differential channels for a unit total of 96. Sampling rates up to 51,200 sps of any
8 channels in a 32 channel group with wrap-around allowed can be programmed. Discrete
levels 0.25 ± 0.25V are encoded as logic 0 with 4.0 ± 1.5V encoded as logic 1. Various
channel source characteristics, high input impedance and wide ranges of common mode
and fault voltages are tolerated.

Local Serial Digital (LSD)

The MU has two serial digital modules that provide three differential and one single-ended
serial digital interfaces. Serial digital signals are NRZ-L with separate 819.2 KHz burst
clocks and provide for 2048 bits on each channel per data frame. Serial digital inputs
received during one data frame are buffered (stored) and supplied on the PCM output the
next frame. A wide range of signal level and fault voltage is a feature of the design.

Local Commands(LCOM)

The MU houses a command module which provides eight 2-wire, isolated, switch-closure
outputs. These commands can be issued from format, sub-com or flight clock time
memory.

Programmed No-Op (NOP)

During the execution of a NOP the MU outputs all zeros on the PCM, and at all times,
except when a remote instruction is being executed, a dummy code is transmitted on the
instruction bus.



Other MU Features

The instruction memory is a RAM to provide flexibility in altering the program. The MU
provides two special modes of operation commanded by special discrete inputs. In the
Program Mode, the MU issues a continuous stream of Remote Discrete instructions via the
Umbilical Bus to the Ground RU which replies with discrete word pairs that are stored as
instructions in the memory. The verify Mode reads the memory dumping the data to the
PCM Output. Data retention of the memory to a primary power loss of one second is
provided.

The MU provides inputs to initiate liftoff and to clear liftoff. It can sense a TDU Alarm
and supply an Alarm Reset signal. Inputs to select and/or sequence the memory through
the five formats is provided. The format sequence input is designed to operate from a
command switch closure so that a flight time clock instruction can sequence through
formats during flight. Monitor outputs of the MU voltages and temperature are provided.
Various sync and status signals are provided to be sensed externally or fed back to a
discrete input.

REMOTE MULTIPLEXER UNIT (RU)

The system can access a maximum of 32 Remote Units via the Instruction and Reply
Buses. Each RU houses two external connectors that interface to printed circuit boards
through a hinged motherboard similar to that of the MU. Housed in the unit are five printed
circuit boards that provide the voltage converter, bus interface, timing and control, and
various input/outputs. The unit provides for 28 differential analog inputs, eight differential
discrete inputs, two isolated command outputs and six verification switch closures. The
RU is housed in an enclosure of approximately 125 cubic inches and consumes 8 watts
standby and 11 watts when addressed. Physical configuration of the RU is illustrated in
Figure 3 “Remote Unit”.

RU Bus Interface

When not actively transmitting a remote instruction to the RU’s, the MU transmits a
dummy instruction on the instruction bus to maintain system synchronization. Each RU is
coded for specific RUID by four connections in one of its external connectors. The RU
incorporates bus transformer having both primary voltage and current windings to allow
operation of all RU’s between the MU and a cable open or short. Insertion loss on the
instruction bus where each RU is a receiver is less than 0. 25 db. The RU is the
transmitting source for the reply bus and has an insertion loss of less than 0.5 db. A
maximum of 16 RU’s can be coupled to the B bus pair and 15 RU’s on the A bus pair
(instruction and reply buses). These buses can be a maximum of 130 feet. The umbilical



bus is a functional mate of the A bus, but having a separate MU driver and receiver
transformer. With only the ground RU coupled to this bus, it has a maximum length of
250 feet. Transmitted amplitude is 4.25 ± .75 volts into the 70 ohm two conductor twisted
shielded cable operating at a bit rate of 3.2 MHz.

RU Input/Output

Characteristics of the RU analog inputs are the same as that for the MU except the RU is
limited to the 34,133 sampling rate. The eight discrete inputs and two command outputs
are the same as the MU. The six verification switch closures are addressed as a group and
as if they were a third command output. The analog sensors are contained in a bridge
circuit stimulated by an accurate 10 volts. The verification switch closures alter the
impedance in one segment of the bridge to produce a known output as a test verification
feature.

RU Operation

The RU continuously monitors the Instruction Bus for its RUID code, Upon detection of
its RUID, the RU Instruction is decoded to determine data type and channel address. The
I/O circuits are power strobed and the data sampled. If analog, then a data conversion is
made, and the RU will transmit a reply during byte n + 7. The RU employs a phase-locked
loop to achieve clock synchronization to the MU instruction bus clock rate and decodes
the instruction sync signal to achieve byte synchronization. Where the byte time is
16 clock periods at the 3.2768 MHz, the RU reply occupies only 13 bit times. The 3 bit
dead time allows for byte detection variation by the RU and variations at the MU due to
cable distance variations along the cable by the responding RU.

POWER SUPPLY VERIFIER UNIT (PSV)

The PSV supplies 10 ± 0.04 volts at a maximum of 2 amps as excitation power for
instrumentation transducers. The PSV also provides sixteen verification switch closures to
the transducer bridge circuits as a test function. The verification switch closures are
activated by a command output from an RU or MU. The PSV employs a DC to DC
converter with inrush current limiting and overload protection operating from a nominal 28
volt source and approximately 36.5 watts when supplying the full 2 amp output. The unit is
housed in an enclosure of approximately 145 cubic inches and weighs less than 6.5 lbs.
Physical configuration of the PSV is illustrated in Figure 4 “Power Supply/Verifier Unit”.



FIGURE 1  MX-INSTRUCTION MULTIPLEXER SYSTEM INTERFACE









FIGURE 5  INSTRUCTION & REPLY BUS WORDS



FIGURE 6  BYTE TIMING

TABLE 1  INSTRUCTION CODES & STRUCTURE


