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Introduction The execution of a data transfer on this link

The diversification and physical remote-
ness of components constituting the NAL proton
beam switchyard and site-wide fire detection
systems necessitated the use of mini-computers
to centralize monitoring and control. Devices
are interfaced to the computers by series con-
nected local controllers. The local control-
lers utilize a standard CAMAC crate with a
simplified dataway to achieve economic modular
construction. Serial data transfers are used
between controllers for reliable operation in
a high noise environment. Bulk data transfers
to the Switchyard System Computer are imple-
mented on a special high speed serial link
which operates independent of, but initiated
by, the local controllers. A special Minicon-
troller module with an emergency back-up power
source is used to monitor NAL fire detection
systems. These Mini's are continuously scan-
ned and tested by the Fire System Computer
which presents status and alarms on strategi-
cally located terminals.

8 GeV Transfer/Switchyard Control System

The 8 GeV Transfer and Switchyard Control
System utilizes a MAC~16 Control Computer in
conjunction with series connected Device Con-
trollers located throughout the galleries and
service buildings housing beam transfer equip-
ment. Due to the distances between control-
lers, as far as 2000 feet, a serial data
transfer system is employed. Only two cables
are needed to link any controller to the com-
puter. A serial system also provides addi-
tional noise immunity since a series of events
must occur, uninterrupted, for the integrity
of the communication to be confirmed and uti-
lized. In general, the MAC-16 communicates
with a local Transmitter/Receiver in parallel
via its PDC buss. The transmitter and receiv-
er appear as a single device to the computer
and utilize standard I/0 instructions to ini-
tiate a serial data transfer to or from a De-
vice Controller. Once a transfer is initiated,
a serial data word, consisting of ten address
bits, two function bits, and 16 data bits, is
transmitted, at a 1 MHz bit rate, to all con-
trollers via a single cable. Each Controller
regenerates and transfers the word to the next
controller. The addressed controller returns
the data portion of the word to the receiver
for both read and write functions via a second
cable. Upon receipt of this returned data or
expiration of the transmitter watch dog timer,
an interrupt is given to the computer. The
computer then checks the status of the trans-
mission and processes the returned data. Data
transfers may be executed at a maximum word
rate cf 20 KEz.

To facilitate block transfers of data
from devices to the computer, a third cable is
used called the Multiplexed Data Channel (MDC)
Link. This link is similar to the data return
line mentioned above except it inputs through
a specilal receiver to the computer's MDC.

is initiated by a command function on the stan-
dard data link. The MDC receiver, upon receipt
of a 16 bit data word, will send a service re-
quest to the MDC which idles the CPU between
instructions, initiates a read cycle, and
stores the word in memory. The operating pro-
gram automatically resumes execution after each
request is serviced. Upon receipt of the pre-
scribed number of data words in memory, the
computer is automatically interrupted to pro-
cess the data. This link allows data to be
transferred from devices into memory at a 40
KHz word rate independent of programmed in-
structions, thus allowing the normal operating
program and serial data link to function unin-
terrupted. Figure 1 is a block diagram of the
8 GeV/Switchyard Control System.

A Device Controller consists of a stan-
dard CAMAC crate with a simplified dataway,
and five single width computer link interface
modules, The CAMAC crate is utilized to take
advantage of its availability and meodular
structure while the replacement of the multi-
layer mother board dataway yvields a cost sav-
ings of 30%. The serial data word format pro-
vides a system capacity of 64 controllers.
Each controller can interface up to 16 device
modules to the computer and, in addition, gen-
erate six programmed timing signals and four
general purpcse D/A converter outputs.l Each
device module, using the four function codes,
can send or receive 32 bits of data. There
are several standard control modules available
for interfacing devices. BAssociated with each
controller is a programmable 64 channel, 12
bit, analog to digital converter. There are
several modes of operation available, one of
which is a sequential conversion of a pre-
scribed number of analog input channels with
the digital data being transferred to the com-
puter via the MDC link. Figure 2 is a photo-
graph showing a Device Controller station.

The MAC-16 computer is linked to the NAL
Central Control Computer to enable operator
communication and control from the Main Con-
trol Room.?’® The Central System uses various
application programs to provide the user with
device status displays and control functions,
graphics, and analog control of devices."'
Status displays provide a full line of text
for each status point and allow status control
that is simple yet versatile. Analog displays
provide a full line of descriptive text for
each signal, and display the value in selec-
table units. Analog control is accomplished
by moving the display cursor under the line
describing a particular device and turning a
console knob. Communication between the Cen-
tral Computer and the MAC-16 is in terms of an
Analog or Digital Index, to specify a device,
and data. The Central Computer is not bothered
with the idiosyncrasies of devices; this is a
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function of the MAC-16.

The MAC-16 computer monitors device sta-
tus, executes new status commands and gener-
ates fault condition alarms. Analog data is
gathered via the MDC and made available to the
Central System once each main ring cycle.
Critical analog signals are periodically moni-
tored and alarms are generated if the readings
exceed a specified tclerance. Many power sup-
plies in the Switchyard area require program-
mable real time analog control signals. These
signals are computer generated by fitting a
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Points on the resultant curve are
sent to the power supply in real time, one
every 16.7 msec. The computer can generate
three independent curves, each being defined
by a set of 32 points, and a maximum of 20 de-
vices may be controlled with each curve. The
MAC-16 can monitor any analog signal in the
system at a 300 Hz data rate for plotting real
time graphs thru the Central System. The MAC-
16 also provides on-line graphics of beam data
from Segmented Wire Ion Chamber (SWIC) beam
monitors.®

Fire Alarm Monitor/Supervisory System

The NAL Fire Alarm Monitor and Superviso-
ry System became operational in November of
1972. 1In this system, a MAC-16 computer and
three remote hard copy terminals are used to
control, monitor, and report the status of the
commercial fire detection systems throughout
the NAL site. Minicontrollers are used for
connecting all the relay contact alarm points
to the Fire Alarm System. Each Minicontroller
has a capacity of sixteen points with provi-
sion for remotely testing the operation of
The Minicontrollers are

nected with two coaxial cables, one for data
from the computer and one for data to the com-
puter. In general, the computer-to-Minicon-
troller operation is identical to that des-
cribed for the 8 GeV/Switchyard Control Sys-
tem except there is no MDC link. Data is ser-
ially transferred at a 250 KHz bit rate and at
a 5 KHz maximum word rate.
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that of the 8 GeV/Switchyard Control System.
This permits the use of that system's Device
Controllers (in this system called Maxicon-
trollers) and that system's standard set of
device modules. These Maxicontrollers are al-
ways connected downstream from Minicontrollers
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The Minicontroller is a small self-con-
tained wall mounted unit placed in or near the
area being monitored and connected directly,
thru conduit, to the local fire alarm system.
Power is supplied from a standard power dis-
tribution system as well as an emergency back-
up battery source. A Minlcontroller uses two
function codes for reading and testing its 16
status input points. A total of 11 bits are
available for addressing. Figure 3 is a pho-
tograph of a Minicontroller.

The computer interrogates every monitor-
ing point at least once per second. Any

change in status which remains stable for one
second is reported on selected terminals. On
all alarms, the appropriate audic and visual
indicators at each terminal are activated.
When the terminal operator acknowledges the
condition, the computer turns off the audible
alarm at that terminal and records the time
when the acknowledge occurred. If another un-
usual condition occurs, the alarm is activated
again., Indicator lights continue to flash un-~
til all conditions are normal. At least once
every ten seconds, the computer tests all bits
of all Minicontrollers to check that they are
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tor at each termlnal may explicitly test any
status point without affecting the other ter-
minals. A report of abnormal conditions is
printed at each terminal every four hours or
at a given terminal upon demand. If any part
of the data l1link fails, a subset of all the
terminals is notified of the failure.

When an alarm is to be reported, an in-
trinsically meaningful text message describing
the alarm point is constructed from three dic-
tionaries supplying general-description words,
names of buildings, and fire zone codes. The
exact time and date are included on all mes-
sages to provide a hard-copy permanent record
of system operation. A sample print-out of a
fire being detected and then extinguished in
the utility enclosure area of the Linear Ac-
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celerator is given in Figure 4.
line registers the zone trip at the utility
enclosure, indicating where and what the ab-
normal condition is. The second line regis-
ters the break in the summation chain at the
Linear Accelerator, indicatino the presence of
at least one alarm. The third line is printed

when the terminal operator acknowledges the
The fourth and fif+h are
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condition.

printed when the fire detector indicates that
the condition has returned to normal.

Reliability of a fire alarm system is
clearly of utmost importance. Attention was
accordingly given to selection of hardware
components for high reliability. However,
equipment will fail, but a goal was achieved
that is essentially equivalent to fail-safe

operation. That is that no system component
can fail unnoticed. Individual bit signals

are continuously tested; failures are reported
on the system's terminals to the accompaniment
of alarms and flashing lights. Any failure of
the serial transmission system will similarly
be reported. The terminals themselves are
continuously tested and any failure is repor-
ted to all other terminals. Finally, each
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which will trigger the terminal's computer a-
larm and indicator light if the computer fails.
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