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Summary 

In any complex system, the interesting problems 
occur at the interface of dissimilar subsystems. 
Control of the Mirror Fusion Test Facility (MFTF) 
begins with the U.S. Congress, which controls the 
dollars, which control the people, who control the 
nine top-level minicomputers, which control the 65 
miocroprocessors, which control the hardware that 
controls the physics experiment. There are mony 
interesting boundaries across which control must 
pass, and the one that this paper addresses is the 
man-machine one. For the MFTF, the man-machine 
interface consists of a system of seven control con
soles, each allowing one operator to communicate with 
one minicomputer. These consoles are arranged in a 
hierarchical manner, and both hardware and software 
were designed in a top-down fashion. This paper de
scribes the requirements and the design of the con
sole system an a whole, as well as the design and 
operation of the hardware and software of each con
sole, and examines the possible form of a future man-
muchine interface. 

Requirements for Man-Machine Interface 

The console system is the primary interface be
tween the MFTF operators and the Supervisory Control 
and Diagnostics System (SCDS) of computers. As such, 
it must provide a rapid, high bandwidth, bidirection
al communication mechanism that is easy and natural 
to use and to understand for both the operators and 
the SCDS software. 

Since operators will be using the consoles for 
extended periods of time, they must be physically 
comfortable. Display screens must be placed at con
venient heights and angles for both the operator and 
observers. All instrument panels and working sur
faces must be strategically located to maximize the 
operator's efficiency. Head room, leg room, and el
bow room must be carefully considered from the start. 
Even the lighting and acoustical environment in the 
control room affect the efficiency of the human side 
of the interface. None of these requirements affect 
the machine portion of the interface. 

The console system must be capable of communi
cating to the operator the status of any monitored 
process in the MFTF, and must be capable of under
standing what actions the operator wishes to take. 
Both of these must be done in a reasonable amount of 
time, the faster the better. The operator roust be 
given both primary feedback (the console system 
understands) and secondary feedback (the system has 
responded to his/her command). The identity of the 
operator must be established, as some operators may 
have more rights than others, and all actions should 
be logged along with the name of the person res
ponsible. A mechanism for reporting errors (illegal 
commands) and exceptions (things that have gone 
wrong) must reside in the console system. If the 
SCDS takes any action to correct exceptions, this 
action too must be reported to the operator. All of 
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these requirements affect both Bides of the man-
machine interface. 

Duo to the experimental nature of the MFTF, the 
set of items to control may change; hence, a mech
anism for quickly and easily creating new control 
panels and modifying existing ones must be provided. 
All information that is being displayed must con
stantly be kept current. Each console must degrade 
gracefully, if it degrades at all. tn the event that 
a whole console is down, there must be the capability 
for another console to assume the functions of the 
first. Adequate interlocks must exist to prevent 
injury to the operator, electrically or otherwise* 
Those requirements affect primarily the machine side 
of the interface. 

In addition to thr above, the usual requirements 
of adequate documentation, acceptance testing, and 
quality assurance are valid for the man-machine 
intcrEnce as for any interface. 

System Design 

The MFTF console Bystein consists of five sub
system control consoles and two supervisor control 
consoles. These consoles will be more fully des
cribed later, but three terms should be introduced 
here. A status screen is a 19-in. color monitor that 
displays information both graphically and textually, 
and that uses color to direct the operator's atten
tion to various points of interest. A touchpanel is 
a I3-in. color monitor that is covered by a commer
cially available transparent touch sensitive screen. 
A control panel is a set of color-coded buttons, 
which are displayed on a touchpanel. Given these 
three terms alone, one can surmise the influence of 
software on the traditional array of knobs, switches, 
lights, and gauges previously used for control. Each 
subsystem control console consists of three status 
screens and two touchpanels, while each supervisory 
console consists of six status screens and two touch-
panels. By bping able to correlate various status 
information from different subsystems, an operator at 
a supevisory console is better able to understand 
what ia happening, especially when the system is not 
functioning quite properly. 

These seven consoles are arranged in a tree-like 
manner with the system supervisor console at the top. 
The three consoles that comprise the second level are 
the vesstil subsystem console, the facilities sub
system console, and the injector supervisor console. 
The three "beam" subsystem consoles form the third 
level and all report to the Injector Supervisor Con
sole. These are the plasma streaming guns subsystem 
console, the start-up neutral beam subsystem console, 
and the sustaining neutral-beam subsystem console. 
Operators of a subsystem can interact with the con
trol panels for that subsystem only. Any operator 
can, however, view status information about any sub
system. The injector operator can interact with any 
of the control panels for all three beam subsystems, 
and the system operator can interact with the control 
panels for any subsystem. This interaction implies, 
for example, that the neutral beams can be con
ditioned from any of three consoles. Each resource 
(neutral beam, in this example) can be owned by only 
one console at a time. 
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Any console that is capable of owning a resource 
can take oyer ownership from the current owner. That 
operator could immediately take it back, but it is 
assumed that operators won't fight over resources. 
If a console should fail physically, that subsystem 
can be operated from another point in the console 
hierarchy. How that we understand how the consoles 
fit into a system, let us explain more precisely the 
hardware makeup of a console. 

Hardware 

The physical layout of the man-machine interface 
was designed from the start in a top-down manner. 
What this means is that we started with the average 
person, consulted anthropomorphic data to determine 
how much leg room, head room, and elbow room are 
needed, what viewing angles are convenient for the 
placement of the status displays, what distances and 
slopes feel most comfortable for the touchpanels, 
etc. Then wu placed the components in their 
"natural" positions and designed a cabinet around 
them. 

In addition to the thre'.> or six status screens 
and the twy touchpanels, each console contains six 
hard buttciia, one panic button, a speaker for audible 
feedback, a telephone, a badge reader, and a joy
stick. Figure 1 shown the layout of the various com
ponents. Once we hud a visualisation of the console, 
we proceeded to build a prototype to solve all the 
related detailed engineering problems. This proto
type involved the aid of a designer/draftsman to draw 
each component, the fabrication shop to creatu each 
piece, technician support to assemble the parts, and 
the paint shop to make it look like a single unit. 

The most interesting problems arose from the 
mounting of the touchpanels. Due to legroom re
quirements, the monitor tube was remotely mounted 
from the monitor electronics, and all high voltage 
wires extended. The touch sensitive screen was 

mounted as near as possible to the screen to avoid 
parallax. The touch sensor was custom-molded to fit 
that particular monitor, and parallax turned out not 
to be a problem. The prototype is shown in Fig. 2. 

Once the prototype was built and enough software 
was running to simulate operating conditions, an 
evaluation was performed by physicists and by oper
ators from the Tandem Mirror Experiment, which is a 
similar but smaller fusion experiment. Based on 
these evaluations, a few minor modifications were 
made to the design. These changes included reposi
tioning the joystick, increasing the angle of the 
touchpanel, bringing the screens slightly closer to
gether, and making the touch panel mountings more 
accessible. Figures 1, 3, and 4 show the revised 
design. 

Theue modifications were incorporated into a set 
of apecifications, and the vendor selection process 
is currently under way. The five subsystem consoles 
and two supervisory consoles will be housed in the 
same control room, arranged in a maimer to allow easy 
interoperator communication. 

Software 

The MFTF console system puts a tremendous em
phasis on software. The requirement for an easily 
modifiable and expandable act of controls is the pri
mary factor for this reliance on software. Given a 
proper structure to organize control panels such that 
an operator can quickly and conveniently select the 
one with which he/she wishes to interact, a software 
eontrol panel system puts much more information 
"within reach" of the operator than conventional 
methods. All controls are brought to the operator, 
the operator need not physically movrt to the neces
sary controls. One might argue that something is 
lost not having the positive feedback of moving a 
physical switch. Primary feedback is provided to 
tell the operator that the console understands his 

Fig. 1. Top down design fron the start. 
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Fig. 2. Prototype of control console. 

Fig. 3. MFTF subsystem supervisor control console. 

actions. If the operator touches a button, that but
ton becomes "latched"; i.e., visually a second box is 
drawn around the selected button, and an audible beep 
is sounded. Touching a latched button will always 
unlatch it. All buttons are unlatched upon comple
tion of a command. The bottom row of each control 
panel (CP) contains a common set of buttons. One of 
these is the "LAST CP" button. Touching it restores 
the touchpaii.il to the previously viewed CP. Hitting 
it twice will return the current CP to the screen. 

There are three basic types of commands that an 
operator may wish to perform. The first of these is 
the selection of a new CP. All CP's are arranged in 
.? tree-like structure. The CP's that contain only 
buttons to reference other CP's are called index CP's 
(structured menus). All buttons that point to 
another CP are colored blue with the name of the CP 
to be displayed written in white on the button. A 
solid yellow button lies adjacent to the left edge of 
each button of this type. 

Touching the yellow button will bring up the 
specified CP on the other touchpanel (leaving t..e 
index CP still usable), and hitting the blue button 
brings up the desired CP in place of the index CP. 
One can always obtain the root node index CP for that 
console's set of CP's with a single flick of the 

Fig. 4. MFTF supervisor control console. 

finger by using the bottom row button (common to all 
CP's) entitled "SYS INDEX." These two methods com
bined with the "LAST CP" bottom row button described 
curlier allow the operator to move around to any de
sired control panel quickly and easily. 

The second class of commands that the operator 
may wish to perform is to request a status display. 
Generally, the display that he/she will want to re
quest is related to what control panels he/she is 
using at the time. Another bottom line button is 
called "DISPLAY OPTS"; it brings up a list of dis
plays. The operator may then choose a display and a 
place to put it (i.e., which screen) and it will ap
pear with all data current and using various colors 
to call attention where needed; i.e., out'of-range 
values are red, open valves are green, closed valves 
are yellow, etc. If the list of displays does not 
contain the desired display, touching "DISPLAY OPTS" 
again brings one to the root node of the display 
tree. Two more touches brings one to the appropriate 
subsystem and the desired display. For all displays, 
the console merely issues a message to a display mod
ule (possibly on another physical machine) that will 
reference the data base for the current value of all 
relevant parameters, build the display, ship it back 
to the requesting console(s), and notify the sub
system watchdog that if any of the relevant param
eters should change to let the display module know. 
If these parameters change by more than the specified 
amounts, the display module must build an update and 
ship it to all consoles viewing that display. 

The console also issues a "discontinue display" 
message to this display module when it invokes 
another one. This module will then take the console 
off of its mailing list for updates. If this causes 
the mailing list to vanish, the display module does 
likewise. The third class of command that the oper
ator can use is to open a valve, turn on a pump, fire 
a shot, etc. These are called action commands be
cause they cause some action to occur. Action con
trol panels are generally the leaf nodes of the CP 
tree. If any data are incorporated into the control 
panel, an associated display module must be fired 
each time the CP is used. Since all actions are log
ged along with the name of the operator logged in, 

http://touchpaii.il


one must be logged-in to isaue action commands. The 
operator conveys his intentions to the console by 
touching green operator and blue operand buttons. 
Generally, an action co-jntiand conaistB of more than 
one button hit. One of the bottom row buttons, 
"CLEAR CP," allows the operator to unlatch all but
tons and begin again to build the current command. 
The console builds a command block that consists of 
the function code to be performed, any relevant oper
ands, and of couroe, the name of the task that will 
execute this command. The console will transmit only 
syntactically correct commands. The execute module 
does semantic checks before executing the command, 
such as: does the commanding console control all the 
resources necessary, or is thLB connrand legal at this 
time. The operator is notified of incorrect commands 
by a large button that overwrites half of the touch 
panel and contains the error message. Touching the 
message causes it to go away, and the operator can 
proceed. 

How does the console screen out syntax errorn, 
and where does it look to find out the name of the 
execute module and the form of the command? Each 
control panel consists of a machine-readable Backus 
Normal Form (BNF) description and a picture file. 
The picture is defined using an in house-developed 
graphics editor, GREDIT, and the BNF is entered in 
ancii, then crunched into a sot of tables. As each 
button is touched, the console computes the follow 
set boaed on the BNF tables, and will "dot out" all 
buttons not in the follow atft to imply that these 
buttons arc not syntactically legal, and are tempor
arily unavailable. Touching a dotted button has no 
effect. As each line in the BNF is reduced, a string 
of predefined operations cart be performed within the 
console. These include such things as "set the func
tion code to F00," "add value 5 to the operand list," 
"transmit this command to task XYZ," etc. 

For example, the control panel of Fig. 5 has a 
BNF something like Fig. 6. To start a command, a 
<valvee> or a <pumps> is needed. Since these are not 
buttons (terminals), we look up their definition and 
see that in addition a <valv>i> or <pump> will do. To 
further fill the follow set, we discover that a 
•rvalue;* can be the buttons VI, V2, or V-etc.» and a 
pump can be PI, P2, or P-etc. Since these additions 
to the follow set were terminals the follow set is 
complete. A H other buttons should be made unavail
able, and this is the initial configuration shown in 
Fig. 5. 

Fig. 5. Typical control panel. 

As the operator touches the V2 button, line 8 of 
the BNF is "reduced"; that is, V2 can be substituted 
for a <valve> and the console can compute the next 
follow set. As this reduction is wade, action 8 is 
performed, and the operand V2 is stored away in a 
command block for later transmission to a task. Hav
ing found a <valve>, line 3 is also reduced, and 
action 3 performed. This produces a <valves> which 
means that from line 1 a <valve-action> is in the 
follow set, and from line 4 a <valve> ia in the fol
low set. 

Transitioning to lines 13 and 7, one can sec that 
the follow set contains the buttona Vl, V2, V-etc, 
open, and close; that is to say, the operator can 
select a second valve, or can state what to do with 
the valves(s) currently selected. All pumps and pump 
actions will be made unavailable (dotted). If the 
action open is selected, line 13 reduces and action 
13 adds the function code "OPEN" to the command 
block. Line 1 now reduces, and we have a completed 
command. Action 1 causes the command block to be 
sent to a particular task (execute mrdule). 

Future Man-Machine Interfaces 

As time marches on, computer systems for control 
of large systems will become increasingly complex. 
What will the man-machine interface into these sys
tems look like? Clearly the rapid growth in raster 
graphics over the next several years will impact the 
interface. While the human mind can absorb more in
put through the optic nerve than via any other chan
nel, why limit oneself to just one channel? Computer 
synthesized music can convey information in paral
lel. The "mood" of the system can be immediately 
conveyed. Happy music implies that all is well; var
ious themes and overtones point to problems in dif
ferent areas. Taste and smell can similarly be util
ized to convey information to the human brain. 

TJie real bottleneck will be the man-to-machine 
communication problem. People currently express 
themselves in three primary ways. The first is with 
eye contact using the variables of length of contact, 
size of pupil, blink rate, wetness of the eye, dir
ection of gaze before and after contact, position of 
the eyelid, motion of l eyebrow, and all the facial 
expression variables. 

The second method of output is through one's 
hands. Some people can type faster than they can 
talk, and using courtroom shorthand machines, it is 
easy to communicate at a higher bandwidth with the 
hands than vocally. A keybotrd musician and a jug
gler both rely on their hands as their primary com
munication method, as do these who can not speak and 
learn sign language. The third method of output is 
speech. Much work is being done in natural language 
processing, but to get any type of bandwidth, one 
must pick off the human "speech" signals before they 
hit the relatively slow vocal cord/mouth device. 
Picking off the speech signals makea it look like 
telepathy. 

Future man-machine interfaces must be capable of 
understanding all of the ways in which we express 
outselvea. Maybe one would ultimately communicate 
with a graphical description of a human face that 
talks and looks you in the eye. Still the bandwidth 
is limited to the existing man-man communication 
capabilities. To go beyond this, the human brain 
needs to develop a higher bandwidth communication 
path. 

Biofeedback techniques have shown that the human 
brain can alter a signal—given a method to monitor 
that aignal. With appropriate "listening devices" 
and computer support, a human could control whether a 
CRT screen is green or red, for example. By ex
tension, one could control each half of the screen 
independently, and ultimately could cause an internal 
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BNF Action to be Performed 
Upon Reduction 

l.<command*-* ::= < valvesxvalve__action> 1. Send to Task XYZ 
2. /< pumps> <pump_'action*' 2. Send to Task ABC 
3. < valves>::= <va1ve> 3. No action 
4. / <valves><va1ve> 4. No action 
5. < pumps >::*» <pump> 5. No action 

/ <pumps><pump> 6. No action 
7. < valve >::= VI 7, Add VI to operands 
8. / V2 8. Add V2 to operands 
9. / V_etc. 9. Add V_etc to operands 
10. <pump> ::= PI 10. Add PI to operands 
11. / P2 11. Add P2 to operands 
12. / P„etc. 12. Add P_etc. to operands 
13. < valve action>::= open 13. Set function code to OPEN 
14. " / close 14, Set function code to CLOSE 
15. < pump action* ::= on 15. Set function code to ON 
16. " / off 16. Set function code to OFF 

Fig. 6. Syntax description of control panel. 

visualization to be displayed in machine readable controlling the neutral beams. At any rate, the man-
form. The capabilities of auch a man-machine system machine interface for MPTF ia just one small step 
for control are obvious. One phyaiciat could viaual- towards bringing man and computer closer together, 
ize the magnetic fields and another could visualize 

NOTICE 
"This report was prepared at an account of work 
iponiorea by the united Statu novernment, 
Neither the United Statu nor the United Statu 
Department of Energy, nor any of their employees. 
nor any of their contractor!, subcontractors, or 
their employee!, makes any warranty, express or 
Implied, or auumes any legal liability or mpoiv-
•ibillty for the accuracy, completenesi or 
uwfulntM of any information, apparatus, product 
or process disclosed, or represents that in ute 
would not infringe privately-owned right*." 

Reference to a company or product 
name docs not imply approval or 
recommendation of the product by 
ihe University of California or the 
U.S. Department of Energy to the 
exclusion of others that may be 
suitable. 


