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The Card Programmable Function Button Panel is
basically a manval data entry device used for computer
program assignment and binary control. However, it
has the ability to be reassigned in over one thousand
different configurations by changing a computer-read
program card which also provides labeling of the
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multiple assignment capability is accomplished by an
optically-read tem-bit binary code on the program card.
The panel is packaged in a 3-wide 8 3/4 inch high AEC
Standard Nuclear Instrument Module (NIM). The front
panel contaius 30 control-button/indicator-light pairs
which are labeled by the dollar-bill-sized program
cards. The cards are made of a thin white plastic
with a special writing surface. The recessed indica-
tor- llght matrix thus provides separate backlighting
through each of the button-adjacent printed partitions
of the over-laying program cards.
locations are printed across the bottom edge of the
card, and the cards are encoded by punching out the
appropriate code using a standard hand punch. The
panel contains all the electronics necessary for lamp
drivers, lamp test, lamp dimmers, as well as the

logic for the registraticn, validation, reading, and
transmission of the card's binary code to the computer.
Separate electronics prV.Lqu for button-switch de-
bouncing, encoding, key-roll-over protection, and
indicator-status memcry. Electronic and mechanical
construction details are reviewed as well as a brief
description of the panel's use on the operator’'s con-
trol conscles at the Clinton P. Anderson Meson Physics
Facility of the Los Alamos Scientific Laboratory
(herein referred to as LAMPF).
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INTRODUCTION

For even the simplest of computer control systems
there exists a need for a number of dedicated control
buttons with corresponding indicator lights to con-

trol and monitor vital process and data. On larger
interactive CRT

computer c¢ ontrol

terminals additional function buttons and status indi-
caters are needed for fingertip command/readout of
routinely used programs and parameters that might
otherwise cccupy valuable space on the working CRT
displays. Visualize a computer control console opera-
tor deeply involved in an interactive data/graphic
digplay, and suddenly needing another simple but un-
program or routine without inter-
rupting his present display. In such an instance it
is convenient to have an auxillary hardware panel
nearby with such routine programs available. Ideally,
this control panel would be configured to suit the
immediate task at hand. CUnfortunately, once begun,

systems with various

displayed control

*Work performed under the auspices of the United
States Atomic Energy Commission.
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dedicated function panels tend to grow without limit,
especially if different operators utilize the console
for different routines or systems and, therefore,
prefer their own special arrangements. The solution,
of course, is to have a small bank of function buttons

and status indicators which can be almost instantly
configured for different requirements as they occur,
without going through additional programming assign-
ments. Ideally, the operator produces his favorite
configuration from his own shirt pocket, places it
over a blank control panel, and that panel becomes
the configuration of the card automatically. Such a
system has not only been devised, but there are three
such devices on each of the two identical control con-
spoles in the Central Control Room (CCR) at LAMPF,
These Card Programmable Function Button Panels have
now been in operation for over a year, and are con-
sidered to be highly effective in solving the problem
of multiple~configured computer control consoles.
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USE AT LAMPF

Assume that you are one of many among a large group
of variously disciplined scientific staff, having ac-
cess to the control consoles of a large and complex
computer controlled particle accelerator. The two
identical control consoles in the Central Control Room
are equipped with various scopes, knobs, indicators,
readouts, buttons, and a keyboard. Accelerator beam
time is tremendously valuable, your alloted time at the
console is limited. Time is of the essence, so you
want to take the fullest advantage of a pre-organized
experimental routine. Since the control console de-
vices are assigned through program control, they carry
only arbitrary reference labels such as knob 1, Read-
out 5, button 16, storage scope 2, etc. You will want
different combinations of these controls in various
configurations at different times in your routine to
be of most efficient use to you. Although the all
powerful interactive-graphics and character scopes
could be used tc display your program formats, you
prefer to dedicate these devices to analytical dis-
plays of the experiment as it progresses.

You remove a Program Card from your shirt pocket
and insert it in a slot in one of three available Card
Programmable Function Button Panels. The panel's
indicator matrix turns on, providing background illu-
mination for your labels beside each button. This
card will be used for overall program control and
status monitoring. You remove two more cards and in-
sert them in the remaining two panels, providing you
with your remaining sets of programs, control algo-
rithms, and display configurations necessary for an
organized computer interactive system. You now con-
centrate on your scientific investigation without
needless distractions such as tedious keyboard entries
and corresponding references to the program director-
ies.
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*The author refers to the LAMPF Accelerator -- an 200
MeV linear proton accelerator built for the USAEC by

the Los Alamos Scientific Laboratory of the University

of California. It is located in Los Alamos, New
Mexico, and achieved its designed full energy poten-—
tial of 800 MeV ir June of 1972,
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Figure &. Card Programmable Function Button Panel
veing used for control of the accelerator's Cockoroft-
Walton Injector System; in this instance making use of
program assigrment to adjacent kmobs and veadouts.

CaLloe ATOR ) g eas oo} FREFECTOR T0A TR, Y, AT Dekaa
. | . e ATk A avars Wassen <ol é LE Tk
Aorecs &R (€7 7006 [ 4y Coresy NEOT
TA TB AL Dow SE2 0 G Fe Aty AL
ot secror h B 200, cw wwor W avreacion b Bebr D)
Yx “eton” N cocer e x5 Lower Waee maener) | aorae,ag
in % sucror B Comrear B s 5P asq
e S - T LG A DEM AN VAL AL P
SRLYOR, D T EE TRD IIRE A AN 3
secrok. & M waan mov 740 pens W Hr reow |
scron. ¢ | B% 740 saru> W ancoc sas
wicror o W erotn Tt e
SGCTOR, W o her. b Ao | R
) B ST O
oava oo i X § resce
£ MonDE N V. Swonsen
s, LIk e

Frogram

LAGROSTE o
2y - y AT T
= (S 2 JetghT.

lreparziion of Program Cards.



DESIGN OBJECTIVES

The concept of a programmable control panel is cer-—
tainly not new, but it was decided early in the LAMPF
project that we needed to find such a device which
would specifically fulfill the following requirements:

e Panel to be low cost, easy to fabricate, simple
to use, easy to maintain.

e Programmable overlays easy to make, handle, rea-
sonable size of matrix yet not unwieldly, not
restrained to fixtures or holders when not in use,
yet easy to install without misalignment problems
in any of several locations.

e Software support to be powerful yet flexible.

® Easy to implement by non-programmer-type users.

e Electronics to provide feedback signals adequate
enough to instill confidence in users.

The end result was to be that a user could layout
a custom panel configuration with his own particular
control algorithm, being efficiently suited to his
control requirements. Ideally, this configuration
would be on a relatively small card that he could
label himself and carry from one location to another
to be put into service at the most suitable location.
Such a system was to be equally useful for experiments,
development, operations, and maintenance.

The extent to which these design objectives have
been met by the LAMPF Card Programmable Function
Button Panel are discussed in the following sections.

PROGRAM CARD DESIGN

The design and physical realization of the program
card is critical to the success of any card program-—
mable control panel. Therefore, with the above design
cbjectives in mind, the program cards for the LAMPF
Card Programmable Function Button Panel have been de-
signed with the following features:

e Pocket size (2 1/2" x 7") with thirty locations

(2 x 15 matrix).

e Yaterial is a commercial drafting material
pliable, 0.008" thick translucent-white poly-
ester, with matte drawing surface for ease of
writing and erasing with pencil or ink - yet can
be made permanent by acrylic plastic spray. The
polyester material is resistant to curl and
shrinkage due to heat or humidity, and can be
used in office copiers for making duplicate cards
or copying specific cards for records and docu-
ments or multiple use.

Card's indicator matrix area is preprinted with
numbered partitions and there are spaces for a
card title and originator's name. The card
material provides excellent lengend contrast and
allows even, backlighted illumination.

Card is square, with no special shapes or cutcuts
necessary -- easily handmade if desired, eco-
nomically printed. The ten-bit binary code ard
four-bit registration/validation code locatioms
are printed across thebottom ecge of the card,
and any desired code is easily hand-punched.

MECHANICAL DESIGN

General Packaging

The panel's reader assembly, card guide, indicator
matrix, functiocn buttons, and status lights are all
contained in a front sub-panel and bezel, which are
carefully machined to provide accurate and stable
alignment. The electronics is contained on four
printed circult cards mounted in a card cage inside
the module, The rear panel provides space for all
power and input/output connectors, and also the lamp
brightness controls,

All components, except the machined front bezel,
are off-the-shelf commercial items, and packaging
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consists of mounting these items inside a standard
8 3/4" high, 3~wide, Nuclear Instruments Module (NIM).

Reader Sub~Assembly

The program card reader assembly consists of stand-
ard, commercial, paper-tape (0.1" between hole spacing)
source/sensor pairs; mounted in a carefully machined
mounting plate type sub-assembly, as shown in Figure
5. Each source/sensor component contains nine bit-
locations and two are used side-by-side, giving a
total usable capacity of eighteen bits (only fourteen
bits are presently used in the LAMPF units). The two
halves of the sub-assembly are accurately aligned by
virtue of match-machined parts, so that the entire °
reader sub-assembly can be moved about within the
panel as required for alignment with the program card's
slot. This arrangement allows rapid and reliable
alignment of the panel's card reading system.
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Indicator Matrix

The indicator matrix is a self-contained assembly,
complete with lamps and filters. Each partition con-
tains two aircraft-style (T-1 3/4) lamps, and the
lamps and associated filters can be changed from the
front without special tools.

Front Sub~-Panel & Bezel

The front bezel is machined from 1/4" thick alumi-
num, and given a clear ancdize finish. The indicator
matrix is recessed 1/8" in a machkined slot in this
bezel, which thus provides an accurate program card
alignment guide and holder, requiring no further
guides, clamps, or covers to maintain the cards in
their proper position.

An uncluttered zond streamlined appearance for the
front bezel is accomplished by mounting all the front
panel components on a sub-panel behind the bezel, and
the bezel and reader cover being fastened with blind
screws into the rear of the bezel.



ELECTRONICS DESIGN

General

A simplified schematic for the electronics contain-
ed in the panel is given in Figure 6., This electron-
ics is contained on printed circuit cards as outlined
below. (The pushbutton switch debouncing and encoding
circuits, and the addressable memory for the indicat-
ors were not included in the panel since they already
existed elsewhere in the system. By slight repackag-
ing, however, these circuits could easily be incor-
perated into the panel.)

Reader Logic Card

The program cards are read by the solid-state
source/sensor array, and the resultant logic states
are deciphered by the reader logic card as one of two
possible conditions: 1) a registered and valid card
has been inserted, or 2) a card has been withdrawn.
The card's registration and validation information is
contained in the card bits A, B, C, D, while the ten-
bit binary card number is contained in the card bits
0 through 9. The logic shown will respond only to a
card which has the code AB*CD as a valid card. Card
registration is automatically checked by the proper
sensing of the bits AR and €D, since they are at oppo-
site sides of the card, and any crookedness would
result in a loss of validation codes. Thus, a revers-
ed or croocked card will not initiate any action. When
a VALID CARD IN condition first occurs, a 1/2 second
delay is initiated to allow for the card to settle in
the slot. 1If the VALID CARD IN condition still exists
after this delay, the computer is interrupted with a
command to enable the panel for the program card

number as given by the ten card bits 0 through 9.

When a card is removed, the logic senses the code
AB*CD as a CARD OUT condition, waits 1/2 second, and
interrupts the computer with a command to disable the
card program previously assigned to that panel. Note
that without the delay feature it would be possible to
send erroneous interrupt signals to the computer as
the bottom edge of the card crossed the sensors. Also,
since the sensors are capable of high-frequency oscil-
lation under certain conditions, Schmitt buffers have
been added to each sensor's output.

Lamp Controller Card

The Lamp Controller Card contains separate voltage
regulators for the ON and OFF lamps to facilitate
color brightness balancing as required by various
room lighting conditions. Both regulators are con-
trolled by logic, which turns off all lamps when a
card is out or when the computer program is not ready,
and blinks all lamps and activates a "clacker' when
the computer executes the called program. (The clacker
is in actuality a large relay mounted on the inside of
the module, its only purpose being to produce an
audible feedback signal.)

Lamp Driver Cards (2 Required)

The Lamp Driver Cards receive lamp status commands
from the computer, via an external addressable memory,
and turn on the correct lamps using complimentary
transistor drivers. These cards also incorporate a
lamp test feature (the test button is located under
the top edge of the program card).
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Panel - Simplified Sekematic Diagram.
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SOFTWARE DESIGN

The software routine used at LAMPF was developed
over a period of time, taking good advantage of user
feedback. Efforts were made to keep the system sub-
routines for program card definition and status lamp
operations as straightforward as possible. The re-
sultant software routine, along with bardware logic,
is shown in Figure 7.

To use a program card the user punches three IBM
cards to identify the program card number and the pro-
gram-calls desired for each of the thirty function
buttons. This set of definitions is called a card
table. If he wants to use the indicators beside the
buttons, he defines their operation through the use of
a FORTRAN subroutine called LIGHT. Only two indica-
tions are presently used at LAMPF, yellow for OFF and
green for ON.

Various forms of software-controlled feedback have
been incorporated into the use of the panel in the
form of status lights and operator messages. By the
use of program reservations, sufficient software con-
trol has been added, so that a user will not accidently
intrude upon another user's routines. All programs are
written in terms of servicing a particular program card
number rather than a physical card location. This
allows the card's program to be basically independent
of various panel locations. However, a card program
can be related to physical location (such as knobs,
buttons, scopes, etc.) if desired, since the panel's
location is given to the computer at the same time the
program card number is entered.

Although program card validation is accomplished
by the panel's electronics, it could be just as easily
done by the software of the system in the form of
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Hardvare and Scftware Flowcharts for Card-Programmable Function Button Panel.

additional hardware of software reservations or con-
ditions. Note that Figure 7 makes no mention of
action when a card is removed, since this action is
merely the reverse of the sequence shown (e.g. clear-
ing reservations instead of making them, turning
lights off instead of on, etc.)

CONCLUDING REMARKS

It is becoming increasingly common for apparatus of
science to be embraced by the control of a computer.
Each new device presents it's own set of algorithms,
which requires control and status monitor panels
unique to that device. Obviously, interactive com-
puter graphics systems provide an ideal solution in
such situations, but equally versatile hardware is
found to be lacking. The author feels that the Card
Programmable Function Button Panel described in this
paper should make a significant step towards reduc~-
ing this man-machine interface gap.
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