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PROTON STORAGE RING-THE MAN/MACHINE INTERFACE*

ROBERT F. LANDER and PETER N. CL(YJT,MS H808

Los Alanm National Laboratory, Los Alamos, NM 87545

The human Interface of the Proton Storage Ring Control System at Los

Alamos Is described In some detail, together with the softwa~e environment In

wh!ch operator Interaction programs are written. Some sxamples of operator

Interactionprograms are given.

1. Introduction

In Implementing the Control System for the Proton Storage Ring (PSR) a

balance was struck between lnvestlgatlngand using state-of-the-art techniques

In real-time computing and minimizing the technical risk and the cost of the

control system. Thus new techniques were used only where a clear advantage

was seen. The resultant manlmachlne tnterface has been highly successful.

Presented here Is a brief description of the PSR control system, with emphasts

on the graph-:s

some experience

overall control

Interface, the ease with which new programs can be added, and

(after SIX nmnths of operation) of the human Interface. The

system has been described elsewhere [1,2,31.

2. Graphics hardware

At the start of the PSR controls project, observations at exlstlng control

systems Indicated that, although k~yboards are widely used for computer

InteractIon,at an accelerator cmtrol system they are clumsy to use and take

a !arge amount of valuable co~sole space. A dec:slon was thus made early In

the design of the PSR [41 not to have keyboards in use in the control room.

It was also decided to use hlqh resolution color..graphlcsdevices to present

informationto the operdtor. This left the dec!s!on on what operator input

dev!ce to use. The options here to use a mouse, llghtoen, touchscreen or

trackball. Llghtpens and trackballs were eliminated because they were

‘Itorksupported by the US Dept. of Energy,
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judged to be harder to use, and lightpens have a wire attached. He also noted

that trackballs and mice use either specialized hardware or CPU cycles to keep

the operator informed as to where the current posltlon Is between hits.

Touchscreensand llghtpens do not suffer from this overhead. We finally chose

touchscreens,with optional use of the mouse where it was necessary to

indicate individual pix[ s. For the graphics devices we chose two Lexidata

3400 systems with six 19 In. 50 MHz noninterlaced color monitors. These gave

a high quality, flicker-free display. This system gave us 512 by 640

resolution,fast drawing characterlstlcs,a choice of 2563 colors, and 4

planes of memory. In front of each CRT we placed an Elographlcs touchscreen.

The memory of each of the Lexidatd controllers Is configured as four

arrays (640 x 512 bits) for each of the thlee CRTs attached to it; that 1s,

each CRT has four memory-planes to make up Its pixel memory. (See fig. 1,

Position A.) Each of these planes contains 1 bit for each pixel on that

screen. Thus one has a range of 16 possible “color Indexes” available to

describe any given pixel. This color Index serves as a pointer tnto each of

the three Color LookUp Tables (CLUTS) for that CRT and yields an 8-bit

“intensity level” from each, one for each of the three primary colors (red,

green, and blue), !f!g. 1, Posft!on B). Each of these three Intens!ty levels

!s sent to the DAC for the appropriate color-gun, producing the color of the

particular pixel Involved, (fig. 1, Posltlon C.) Pixels should not be

confused with the tndlvfdual phosphor dots on the face of the monftor screen.

Depend!ng on the resolution of th$ Image processor, a sl~gle pixel

encompas~ many phosphor dots on the display. Although one indexes

CLUT wt~:ha 4-bit number (using 4 planes of memory per CRT, giving

lmmedliitelyavailable colors), the CLUT actually can be !ndexed WII

might

into the

16

h up to o

bits, yleldtng ovet 1000 colors “on tap” at any one time If 10 mel /i.yplane

are used. Although lt Is possible to choose from a pallet of 24 mllllon

colors, our exporlence ts that small changes in lntenslty level are not

notlce~ble, and a more reallstll:ffgure would be around 700 easily

d!$tingulshed colors.

As an examplo of CLUT use, If the fifth value It]the red section of the

CLUT 1s 255, And the f!fth value in each of the other 2 sections of the CLUT

!s O, and ~f a pixel ts to be IIlumlnated with the color (or z-value) of 5,
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that pixel would be displayed as red. Another example has the third value of

each section of the CLUT as 255. A pixel with a z-value of three would be

displayed as white. By convention. the first value In the three sections of

each CLUT Is the background color, normally three zeros, or black, for each

CRT.

Although a Color LookUp Table gives the progrannnera wide choice of

colors, It also Introduces other posslbllltles becau~e It gives me the

ability to interpret any one of the 16 colors be!ng sent by d program as any

color at all. It 1s therefore possible to create the Illusion of nmvement on

the screen while not rewrltlng the screen at all, but merely rewrltlng the

CLUT. If, for example, one draws a series of dots In the color-pattern 12,

13, 14, 12, 13, 14, etc. and then sends, at quarter-second Intervals, a CLUT

with the Interpretatlons 12:blue, 13:blach, 14:black; 12:black, 13:blue,

14:black; 12:black, 13:black, 14:blue, and then repeats, blue dots wI1l be

seen to move across a black screen.

Another posslblllty for using the CLUT allows a progra~ other than the one

that wrote the screen to draw an ~con on the screen at any point and rove It

around the screen without eraslfigthe background d!splay. This is done by

setting the bottom eight colors In the CLUT In the normal way and setting the

top eight colors to be white. Now, by simply setting the most slgr?lflcantbit

(MSB) of the color of any pixel cm the screen to 1, that pixel wI1l appear as

white. By setting the MSB back to d, the fcrmer color wI1l reappear. This

tectmlque IS used to draw and nwe the mouse curs~r on the screen In response

to the movement of the mouse in the pad.

The Elographlcs touchpanel placed In front of each graphics screen 1s a

high-resolutionpressure-sensftlve reslstlve screen. Each of these

touchscreenshas an entry in our database, just like any other equipment In

the Storage Ring. The touchscreen produces character-st:lng Input, which is

Interpreted in all cases by the command module [31, and the coordinates stored

\n the database for that screen. Because the touch screen Is a separate

device from the display screen, each set of raw touch coordinates has to be

converted to graphics coordinates (pixel !ocatlons). To provide the necessary

conversions,we have written a calibration program, wh!ch 1s one of the very

few programs In the system that Is not started hy touching the screen, The

need for th!s exception Is clear: recallbrat!on Is needed at those times when

the touchpanel !s not returning +he correct cxrdlnates. A button under each
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of the six CRTs will start the calibration program on that screen. The

program presents a pattern of 20 dots. The operator touches each dot, In

whatever order he chooses. A least-squares algorithm Is used to determine

which dot the operator Is touching, and the values returned by the touch panel

are translated Into this locatlon. All of these translations are, finally,

placed In the database under the entry for that screen. From then on, until

the characteristics of the touchscreen change, touches will be correctly

translated into coordinate positions.

3. Graphics software

One of our primary goals was to create a library of routines that would

make It simple to add new process modules to our system. A process module Is

a program running on the VAX, through which an oper~tor can Interact with some

equipment. We wanted it to be easy, for example, for physicists to query our

database and to display Information in whatever format they desired, without

ever knowing the Intricaciescf the system, (All interaction is through the

database, discussed below.)

Table 1 shows a short FORTRAN program fragment that does the following:

● Performs necessary Initlallzallon (Including starting the mouse program

for this screen)

. Places Itself on the “wake-up list” for a change to a partic~lar

datapolnt

. Puts two buttons on the screen

● Reacts properly to a button-touch or a change to the sel~cted

datapoint

One of the buttons wI1l ca~lsethe “keypad” to be d!splayed on the screen (see

ftg. 2). Th!s keypad wI1l then accept a value from the operator and plare

this value In the database entry

equ~pment.

The ffrst call Is made to pm

Inlttalfzes the new subprocess’s

serv~ce subroutines. Next 1s tp

for the analog control of a particular

n!t (procQss module Inltlaltzation):This

task Id and other parameters required by

nlt (touch panel Inltlallzat!on):This

routine !nlt!dllzes the touch panel on the CRT owned or shared by this

process, sc that a touc~tto that panel w1ll wake up the process.
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Then the integer variable “crtid” is inltial!zed, so that the program

knows which CRT It Is running on, after which (optionally) J call is made to

the mouse subroutine, which starts the mouse program on t:,:sCRT so that all

future interaction with this program ‘an be done either thrwgh the mouse or

through touches to the screen itself.

After that, a call is made to subroutine addwake, on a particular

equipment and channel. The result of this call is that after the program

“goes to sleep” (see below), any change to this datapoint will “wake it up”.

(The program will also be awakened by a touch to the screen, since tpinit has

been called.) The next line verifies that the addwake call has succeeded.

After initialization is completed, two bl!ffer’sare defined using

gradefinebuf So that “deferred-mode” commands can be sent to the screen,

(Most commands are sent In deferred mode, m?king it possible to paint the

entire screen at once, with one call to the D’4Aroutine grasendbuf.) Buffers

can be saved and reused, speeding up the redrab’!ngof the screen. The third

and forth parameters to gradefinebuf deal with the “touch” facility. They can

be set to zero, if no touch areas are to be defined.

The next group of subroutine calls define the picture to be drawn on the

graphics screens and the touch-sensitive are?.s. The first one (graclr) clears

the screen. Next, the call to buttonpar sets up button parameters. This

command will remain in effect until another call to buttonpar is made, The

parameters to this call define the size, button color and text color of

buttons written. A logical variable defines whether or not a new touch area

is required for the buttons. Note that the picture of the button and the

touch area are quite independent; buttons are often redrawn to change the

color or text, with no need to redefine its touch area.

Now we are ready to define any buttons that may be required, A string

variable is initialized with the label to be displayed in the first button and

the call to wrltebut made, The first parameter to wrltebut !s the desired

locationof the button on the screen, The actual position depends on the size

defined in the buttonpar call. Three sizes are defined. Size 2 buttons,

which we are using in this examlle, are 90 by 60 pixels, yielding a screen

full of 8 rows of 7 buttons each, or 56 possible button locations, In this

example, Location 11 is the third button in the second row, Size 2 buttons

can have up to 40 characters of text in thcm (4 rowc of 10 characters),
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After another button is defined, the buffer Is sent to the Lexldata

controller (grasendbuf). The next call (to grawaitio) prevents the r)rogram

from overwriting the buffers until the output to the Lexidata controller IS

complete.

The call to sys$hiber, a VMS system service routine, suspends this

process. A touch to any part of the screen will restart the process, as wI1l

a ch~nge to any datapoint (database value) that it happens to be wittchlng. It

!s therefore necessary, when the process Is awakened, that the process

distlnquish between the varicus possibilities and, If the program has Indeed

been awakened by a,touch, determine its validity (on a button or l~ot)and, If

It Is a button, which one.

The routines we have developed for this purpose make the solution quite

simple. The first line after the call to sys$hlber (the first line to be

executed upon awakening), Is a call to function test_mdt (test modified

data-tag) for a particular equipment/chann~l--theone referred to In the

addwake call (see above). If this call returns the logical value “true,” the

process will make a call to the get subi.outinefor the channel in question,

which gets the value from the database and places it in the third parameter

(y). The next few lines (through “end If”) wI1l write this new value on the

screen, In red Size 3 letters (very large), starting at pixel location

(60,60). Location (0,0) Is the upper-left corner.

The call to touchcheck wI1l return “true” If the screen has been twch~d.

Then a call to readtou (readtouch) yields the “number” of the touch. A zcrfi

returned fn “touchnum” Indicates that the touch was not wit,~inthe bounds of a

currently defined button; whereas any other number lndicat~s the number of the

button touched. For this the buttons are numbered ~n the sequence in which

they were declared.

Once the program knows which button has been pressed, it tak~s the

following actions: The first button was the “exit” buttcn, so the program

acts accordingly. The second button indicates the desire on the operator’s

part to enter an analog value, so he is presented with the keypad (see

fig. 2). The various parameters to the keypad select Its colors, locatlon,

and llmits of the acceptable input values. The input value is returned in the

last parameter, rval. This value Is then placed !n the database by the call

to put, (see below), and the program returns to the hibernating state.
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Touch areas can be defined independently cf buttons, making it easy to

draw various icons, etc., that are to be touched when particular responses are

desired. If the program Is not hibernating when a touch is received, the

touch is saved and the program will be awakened immediately upon its next call

to sys$hlber.

He now discuss the process for adding a mouse to our system. He chose to

use an optical mouse from Mouse Systems Inc., in Santa Clara, California. The

only unfortunate feature of this mouse is that it requires a small optically

cross-hatched panel to run around on. This panel is not popular with our

staff because it takes up va.iuablespace in the console area, and !s often to

be found in a drawer when the mouse is not in use.

All movement of the mouse Is relative to Its previous ;ocatlon, and our

software keeps track of the present locatien, maintaining a cursor on the

screen in that position. The three buttcns on the mouse can be set by the

software to Indicate whatever command ts desired. One button, of course, must

be usable to indicate a “touch” at the present locat!on. The software simply

places the present location in the database for that touchscreen when the

“touch” button Is pressed, and the rest proceeds in the ilormalway. ‘,hatis,

the hibernating program awakens, notes the touch, and proceeds accordingly.

The second button is used to toggle coarse/fine movement of the cursor, and

the third Is used by different programs for various other purposes.

The touchscreen IS most popular for general use, and the mouse Is only

used when a particularly fine (speclflc plxei) touch Is required. Thus the

mouse Is used to define waveforms on the screel~to control the 2,8-Mhz buncher

or the orbit-bump magnets. Using the mouse, precise waveforms can be drawn

simply and quickly. These waveforms can then be written to the CAMAC waveform

generator to control this equtpment. Naturally, this software is a llttle

different from that descrfbed above for the use of buttons. In this case the

program reads the X- and Y-coordinates directly from the database,

So far we have discussed analcg input only wfth respect to the keypad. A

more Interesting alternative, available for all equipment, Is the use of

knobs, As dfstlngulshed from the old style control room, where there would be

a knob dedicated to each analog control point, we have what we call “soft

knobs,” For each pa!r of i-reens there are four knobs. Each of these knobs
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can be assigned to control any desired clatapointsimply by touching the

“assign-to-knob”button on the screen that has to do with the desired

equipment. The name of th? equipment and channel to be controlled, and Its

present co,ltroland read-back values wI1l appear on the 40-character l-llne

display next to the knob that has been assigned. Each knob 1s, of course,

simply coinected to a shaft encoder, which Is connected to the VAX throuqh a

CAMAC module designed In-house. The assignments to a knob can be “stacked,”

up to 16 deep, and th? various equipment “scrolled” Into view, yielding much

greater flex~bility than is possible with many other systems. These units are

described in more detail elsewhere [31.

4. The Database

As has been mentiol]edabove, all communication between the process modules

and the equipment takes place through the database. This design has many

advantages, among wh!ch are portablllty, ease of programming, and generallzeti

error checking and reporting. The run-time database includes, among other

things, the present values for all channels, their CAMAC addresses, and any

llmlts and convert codes that may be in effect. The control scheme Is that

the process modules (running on the VAX) place values In the database for a

control channel on some equipment. This part of the database is migrated to

the appropriate Instrumentation Subsystem (1SS) [1,2,31 toget~lerwith the

modified data-tags (malt). The fact that the mdt Is set causes the appropriate

task running on that 1SS to be awakened (much like a screen touch awakens a

hibernating process on the VAX). This task then reads the present value for

that channel and acts accordingly. The same scheme Is used for input channels

but the data Is miqrated in the reverse direction. The Important part of all

this Is that ~ writing to and reading from the d~tabase is done through the

use of the two routines menttoned above: get and put. The author of a new

module Is required to know nothing about the details of what he Is doing other

than the name of tbe equipment and the channel sequence numbers. Furthermore,

all configuration changes are made wlthtn the database; therefore, It Is not

necessary to modify codes when th!s changes.
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All values pass through the database on their way from equipment to

display screen; thus, It Is a simple matter to check each value to see if it

is outside the safe range. Those seen to be beyond their 14arningor Alarm

limits are posted on the Alarm Screen. We plan to write an event logger,

which will record the time and details of each such event.

5. The resultin~ system

Using the

diagnostics d

Some of these

facllit

splays,

will be

Flg~re 3 shows &

es described, some very useful and descriptive

as welI as many control scre~ns, have been written.

described in broad terms here.

Iagramof the Ring, with the activation protection

monitors (APs) represented by dots. These rad~ation detectors monitor the

spill !n any location, and the resulting signal is represented on this screen

by a bar graph, which changes from green to yellow to red as the spill

Increasss. As the tuning of the PSR progresses it is often necessary to move

the monitors in the tunnel. This display allows the location of the monitors

on this screen to be easiiy changed together with the spill bar graph and the

label. This is a case where the precision of the mouse Is required. Fur each

move, the upper left button on the screen must first be touched. Then,

touching the element to be moved will cause it to be erased and then rewritten

at the point of the next touch. These edits are temporary until the

upper-right button is touched, when they are saved on disk,

Another Invaluable diagnostic tool is the beam position monitor system

(BPM). This system consists of 61 monitors at various positions in the beam

pipe and ~ common multiplexer and signal-processingelectronics. F~gure 4

shows the display of the current data from the system. Another screen Is used

to select the monitors to be used and the order In which to display them. Up

to 20 monitors may be selected at a time, This screen is also used to set up

the operating parameters for the system. rhe horizontal and vertical

positions of the centroid of the beam, relative to the pipe center, as

measured at selected BPMs, are shown in fig. 4 in centimeters, Shown here is

the histogram plot, with the newest reading displayed 011the right for each

monitor. The beam intensity (at each monitor) is displayed on the third

graph. For the
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convenienceof the operators, the readings of all 65 APs are also displayed

near the bottom of the screen as a histogram. This display has an example of

a tcuch area without a button being shown. To change the vertical scale of

each of the centroid graphts,the lower scale values of each graph should be

touched (-0.05 In the case of the upper graph).

Another diagnostic that measures the beam is the wire scanner systeln. The

current on a wire is measured as it passes through the beam. The graph of

horizontal- and vertical-wire current as a function of position provides

integrated profile information about the beam as well as the position of the

centroid. Figure 5 shows the display of the results of a scan by LDWS04. It

will be seen that the position of the centroid and the width of the beam for

both sections has been calculated and displayed on the graph. This software

will display the results of scans by up to SIX wire scanners and will also

display previously obtained data. The harp system provides similar data but

obtains it by placing an array of ‘w!res,32 in each direction, in the beam. A

fast multiplexer and ADC then digitize the stored charge on each wire after

sufficient beam has passed. A data display screen simildr to the one shown in

fig. 5 Is provided for the harp system.

A number of subsidary systems are monitored by the control system and the

current status Is displayed to the operator on demand. One of these systems

Is the deionized water cooling system. Figure 6 shows the status display in

its current form. The program gene:-stingthis display determines through

which pipes the water Is flowing by reading the status of the pumps and valves

from the database. These water pipes are then drawn so that water is seen to

actually flow. This is done by rewriting the Color LookUp Table as described

above. Nlth this program running, the CPU usage for the water flow Is less

than 4%. Similar programs have been written for the ventilation system, the

target coollng system, and the vacuum system, In some of these programs, more

detail on particular sl’bsystemscan be obtained by Louching that system on the

top display,

At the Injector to LAMPF, the linear accelerator that provides beam for

the PSR, a chopper prepares the beam so that It has the correct waveform for

successful In$ection and storage In the PSR. This chopping Involves

nanosecond and subnanosecond edges and waveforms. (To observe these
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waveforms on an oscilloscope In the PSR control room, over a

the oscilloscope must be close to the chopper.) A TV camera

oscilloscope screen so that the pSR operator can observe the

k!lometer away,

looks at the

waveforms, but It

Is also necessary that the operator has full control over the oscilloscope and

the multiplexer that selects the input signals. The oscilloscope used, a

Tektronix 2465, has a GpIB interface and this Is connected to a CAMAC GPIB

controller on the PSR CAMAC crate adjacent to the chopper. The multiplexer Is

directly controlled by CAMAC. Figure 7 shows the display that controls this

oscilloscope, and in use it Is found to be only sllghtly less convenient than

using the o~cllloscope directly. In many of the buttons, the current value Is

displayed and touching the button wI1l highlight it for a moment and toggle

the value to the next one. Hhere there are more than a few values possible,

touching the button wI1l cause It and the two buttons labeled up and down to

be highlighted. The up and down buttons can then be used to adjust the value

to the one required and then touching the orlglnal button will remove the

highlights.

Figure 8 shows the waveform-editor screen that enables the operators to

create precise waveforms with the muse. Figure 8 shows a rather simple

waveform where the mouse has been used to add a third point to the waveform.

Touching the detach button at the bottom of the display wI1l make the modlfled

waveform the new waveform that then can be further edited. At present, the

use of straight lines to join the points !s quite adequate and the waveform IS

smoothed by the electronics. Other buttons on the screen allow the operator

to expand the display as required and to edit the waveform with greater

preclslon. The horizontal axis shows start of InjectIon (S01) and end of

InjectIon (EOI) when It Is on-scale. The numbers on the ho(!zontal axis are

microseconds from SOI.

Figure 9 shows the Status screen, a VT220, that displays a brief summary

of the current operat!ng mode of the PSR, some key operating parameters, and

messages from the operating staff. The terminal that generates this display

Is part of the PSR control console. Slave displays make this Information

a~laflableat a number of points on-site, and a copy of the d!splay can be

brought up at any terminal logged on to the PSR control VAX.

-11-



L -kiln
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Table 1

Dmonstratlon Program Fragment

c

c

c

c

c

c

c

c

c
c

c

c

c

c

c
c

c

c

program demol
implicit none

real*4 Y
character*7 msg
integer*2 grabuflen, touchbuflen, crtid, mycrt, touchnum
parameter (grabuflen = 2500)
parameter (touchbuflen = 2)
lnteger*2 grabuf(O:grabuflen),touchbuf(5, O:touchbuflen)
integer*4 stat, addwake, touchcheck, test_mdt
character*40 txt

call pminit

call tplnlt

crtld R mycrto

call mouseme(crtid)

stat = addwake(srtm02,2)

If (.not,stat) type ‘,’demol: Addwake failure, stat = ‘,stat

call graopen(crtld)

call gralut(crtld, color16)

call gradeflnebuf(grahuf, grabuflen, touchbuf, touchbuflen)

call graclr

call buttonpar(2, g-red, g_blue, g-touch)

txt = ‘EXIT’ ! Text to be placed on a button

call wrltebut(3, Y.ref(txt))

1234567890123456789012345678901234567890
txt = ‘ ENTER VALUE FOR SRTM02 ‘

call wrltebut(4, %ref(txt)) ! Deftne a button fn pos!tlon #4
(lmmedlately to the right of#3)

call grasendbuf(crtld,grabuf)
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c
call grawaltlo

;0
c

call sys$hlbero

If (test_mdt(srtm02,2)) then
c

call get(srtm02, 2, y)
c

wrlte(msg, 100)y
c
100
c

c
c
c
c
c

c
c
c
c
c
c
c

c

c

c

c

format(f702)

call gradeflnebuf(grabuf, grabuflen, 0,0)
call grarao{g_red, 60, 60, ?,)

Crarao erases the
previous contents c)ithe specified location, while
grasao simply over-writes.

call gratxt(7, %ref(msg))
This routine will write the cont?nts of “msg”

on your crt, according to the parameters specified
In grarao (or grasao). The ffrst parameter (of gratxt)
is the length (ln characters) of the message to
be written.

call grasendbuf(crtld, grabuf)
call grawaltio

end If

If (touchcheck(crttd)) then

c311 readtou(touchbuf, touchnum)

tf (touchnum .L;. 1) stop

lf (touchnum ,eq. 2) then
stat - false.
dowhlle (not. stat)

stat - keypad(crtld, 2S0, 250, g-blue, g_red,
1 g-yellow, 0., 6., rval)

end do
call put(srtm02, 2, rval)

end If
end If
:;;0 20



Figure Captions:

Fig. 1. A schematic diagramof the use of a Color LookUp Table to give a wide

choice of colors from only four planes of video memory.

Fig. 2. The keypad as drawn on the graphics d!splay to allow the operator to

enter a particular number.

Fig. 3. The console dlsplayof the posltlons and current readings of the

activation protection (AP) system monitors. Because It Is quite normal to

move the monitors In the ring tunnel as tuning progresses, the program drlvlng

this display allows the operator, wtth the touch screen or mouse, to move the

dots showing the positions of the APs and the corresponding histogram and

alphanumeric Information.

Fig, 4, The Beam Posltlon Monftor (BPM) data display. This shows posltlon

and Intensity Information from the selected inonltorsas well as a histogram

dtsplayof the current readings from the 65 APs.

Fig. 5, The data dfsplay from a wlrescanner.

Fig, 6, The deionfzed water system

pumps and valves determines which p

Fig. 7. The oscilloscope control d

a remote oscilloscope through CAMAC

faclltty display. The current status of

pss show water flowtng,

splay which allows the operator to cortrol

and a GPiB.

Fig. 8. The waveform edltlng s;reen which allows the operator to create and

edit control waveforms that are applfed to some of the PSR equfpment.

Waveforms can be up to 4096 points long and can be updated at rates of up to

2 MHz.

rig. 9. The PSR status display. This 1s generated cn a normal terminal and

monitors around the faclllty repeat this information.
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PSR/lIIINRSTATUS i3-SEP-i985 10:48
BEN! RATE LENGTH PM?CWPPUKPATTERN

SRBC: WF 4 200us P4ttern Uidth: 200 m
LEUC: OFF O 750 u~ Countdown: 10
LDBC: OFF O 209G LBOCMidth: 100Uq

——

RUNKRMT LIEDMK: PM-GE
PMMODE: TlmJP BS

LDCPIOl 0.05 U& RICHOI 0.03 Ua
LDCtt02 -0 ● 05 Ua RIcPlo2 0.00 Ua
LDCM04 0.03 Ua RICM03 0.02 tin
LDCl103 0,03 Ua RIctlo4 0.02 um

I PSRTUNIMCRESMU AT0?00THIRSDAY
LIKEKRATIM2000-0700NIGHTLYWTILW U(EW

fldwduleunmrtahfor rest of wek h to twgct Amtdlation I ~


