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K1.0 Introduction

The purpose of this contract was to examine the soldier-rachine

interface of automated battlefield intelligence/C2 systems including

optimization of operator-computer protocols. * The work statement
tasks to support this effort were:

' (storyboard the application demonstration based on the scenario

developed by HEL/AAAD. This shall include the selection of one or
two operator tasks and shall use the specific data presented in
the scenario;

analyze the operator tasks to determine the possible alternative
protocols which could be used to execute them. Ideally, the
chosen tasks are ones for which more than one protocol can be
used;

)-f design data display formats, corresponding to different protocol
types, for the operator tasks;

4)1- write the graphics routines and author the GHMI system to provide
for the demonstration of the tasks. This shall include being able
to demonstrate the alternative protocols for the same task;

5>- integrate, test and debug the demonstration;

6 2 host a one-day meeting with HEL/AAAD; and

7'1 document the effort, providing descriptions of the operator tasks,
the alternative protocols used, pictures (or photographs), and
recommendations for future studies.

The first five tasks are discussed in Sections 1.0 through 5.0 of this
report. Specific research questions, raised during the de-onstration
development effort, are discussed in Sections 3.0 and 4.0; general
considerations for future research are described in Section 5.0. A
summary of the one-day meeting held at Lockheed on 7 Decem-ber 1984
appears in Section 7.1 (Appendix I).

2.0 Data Analyses, Task Selection, Demonstration Specificition

To eupport development of a protocol demonstration, the HEL Aviation
and Air Defense Directorate (HEL/AAAD) provided a one-half '-.ur
"slice" of a Short Range Air Defense System Command and Control
(SHCRADS C2) scenario. The data provided by HEL/AAAD conei-7tcd of

frieindly and enemy air tracks, tk deployment of an ADA H:',.y Division

SHORAD battalion (reduced by 20%iue to battle attrition) in the arr-a
of interest, and chronologically-ordered m:-ssage traffic tc -r.d from
the Air Battle Management Operationj Center (A81,DC). Tho t,,' L'd

quntity of the ABHOC mesnagei were r!cdrveloped in ,:,_ 1rrw .. ith th?
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benchmark requirements specified in MIS 34585, "SHORAD C 2 System
Specification" (10 October 1983).

The initial task on this contract was the analysis of these data to
understand the battlefield situation (deployment of friendly fire
units, sensors and other assets, unit organization, battlefield
geometry), and the ressage flow in and out of the ABMOC during the
half-hour period. Due to the limited funding available for execution
of this contract, it was decided that it would not be possible to
include air track data and track-related messages in the
demonstration.

A picture of the battlefield situation specified by the scenario data
is presented in Figure 1. The breakdown of TO-ABMOC messages
(messages sent from other SHORADS C2 nodes to the AMBOC) and
FROM-ABMOC messages (messages composed at the ABMOC and addressed to
other nodes) during the half-hour period, and a few examples of each
type, are shown in Tables I and 2, respectively.

It became obvious after plotting the battlefield situation that a
means for selectively displaying different battlefield features would
be important. This would allow the user to declutter the display of
information so that only those data that were relevant at some
particular moment would be presented. Therefore, a method for
decluttering the situation display was designed and demonstrated. As
we were developing this part of the demonstration, it became apparent
that details of the situation display, such as unit designations,
would not be discriminable when the full battlefield (a 70km-X-7Okm
area) was presented, and, if shown on the full map, would only add
clutter without adding any information. This led us to developing a
method for 'blowing up" a smaller section of the map where detailed
information would be provided. Details of this part of the
demonstration are described in Section 3.0.

Based on the data that were provided (situation display and messages),
prior discussions with former AD personnel, and previous experience
with the SHORADS C2 operational concept, it seemed that the situation
display was the most important piece of information to ABMOC personnel
and that a user would be assisted if his message processing tasks
could be performed without requiring that he look someplace other than
at the display (such as at a keyboard). We also imagined that the
user *thinks" primarily in :patio-temporal terms: he is most often
concerned with elements and events occurring at some location at some
point in time. All scenario m e-ages provided to us as data were
ropreccnted in alphnnumeric form. If a user actually had to read and
compose alphanumeric messages, we anticipated that he would experience
the following problems:

- conversion of location information (e.g., FH368243) from
alph,-numerics into an x-y coordinate on his display, and vice
versa, would be a cognitively difficult and deranding task,
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- since he could not be looking simultaneously at two places, reading
or composing a message would require that he take his eyes away
from the situation display, and

- the user's 'mental workload" would be increased by having to
rentally correlate a particular (graphically displayed) unit with
the message it sent, or was to receive.

These considerations led us to focus our protocol design efforts on
methods which would represent message information in graphical forms
and would minimize both the distance and the frequency with which the
user would have to move his eyes from the the situation display.

Since it was not possible to demonstrate processing for all message
types, the subset selected and their implementation order were
determined by the frequency of message type, the relative importance

of the ressage type, and the opportunity provided by the ressage type
-' to demonstrate certain interactive protocol features that we consider

to be important. (Appendix 2 contains R. E. Knox and R. Brandau
'Interactive protocols for generalized human-machine interface;* 4t
presents a general discussion of protocol design issues. ) 7n the time
provided, it was possible to demonstrate all TO-ABMOC messages for
which an implementation order is shown in Table 1 (Message ID #1, 4,
12, 20, 29); of the FROM-ABMOC messages, only Movement Order
composition was demonstrated.

No alternative protocols were demonstrated for the same message type,
though different protocol types (e.g., "picking', "locating') are used
for different tasks. A discussion of possible alternative protocols
and analytic arguments for why they would be less desirable (i.e.,
human performance would suffer) are presented in Section 4.0.

3.0 Description of Demonstration

The hardware and software facilities used for this demonstration were:

- a DEC PDP-1I/70 (used for the simulation of message traffic
described in section 3.2); simulation software is written in Pascal
2 (Oregon Software, Inc.) and runs under the RSX-11M-PLLS (DEC)
operaLing system;

- a Codata 68000-based system (used for control of the 'AE' OC'
console); software developed on this system runs under t .e UNIX
(EBr-1 Laboratories) operating system; some application processing
code is written in the C language; all interactive graphics
coftware is written in Easel (Interactive Images Incorpcrated);
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Figure I
Scenario Battlefield Situation.
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Table 1
TO-ABMOC Messages

ID Count Warnings ACK
# TYPE OF MESSAGE (#) IMPLEMENTED VIS/AUD Reqt.?

1 (Air Defense Warning): 1 4th X X X
4 (Battlefield Geometry): 1 3rd- - -

5 (Data Link Reference Point): 2 X --

9 (Enemy Activity Report) 1 X --

12 (Kill Report): 8 2nd X --

19 (Pointer): I X - X
20 (Reporting Unit Location): 44 Ist- - -

23 (Supply & Equip. Status Rept.): 3 X - -

24 (Track Management): 6 NO - -

27 (Unit Operational Report): 3 X - -

28 (Warning Report): 5 X - X
29 (Weapon Control Order): 1 5th X - X

Examples

1045 (Scenario Time)

1. FROM: FAAR A
TO: ABIIOC

MESSAGE TYPE: 20 (Reporting Unit Location) (PLRS))
MESSAGE: GRID FH215354 ALT 299

1046

2. FROM: 1/4/A
TO: ABlIOC

MESSAGE TYPE: 20 (Reporting Unit Location)
MESSAGE: 1/4/A to FH200332

1046

3. FROM: 2/4/A
TO: ABH1OC

MESSAGE TYPE: 12 (Kill Report)
MESSAGE: FW 1 DTG 23104G (F/S)
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Table 2
FROM-ABMOC Messages

ID Count
* TYPE OF MESSAGE W#) IMPLEMENT

6 (Data Management): 1 2nd
11 (IFF/SIF Effective Code): I
13 (Movement Order): 9 lst
21 (Sensor Management): 1
22 (Summary Unit Status): 1 3rd
24 (Track Management): 9 NO

Examples

FROM: ABMOC
TO: FAAR A

MESSAGE TYPE: 13 (Movement Order)
MESSAGE: FAAR A from FH 215354 to FH 116360 at 221800, GS

FROM: ABMOC
TO: E Btry

MESSAGE TYPE: 13 (Movement Order)
MESSAGE: Move weapons to FH 538082

FROM: ABMOC
TO: A Btry

MESSAGE TYPE: 6 (Data Management)
MESSAGE: Data Update Request: Supply/Equip Status
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the Generalized Human Machine Interface console; the devices used

for this demonstration were the Mitsubishi 1024-X-1024 color

display, overlaid by a high resolution Elographics touch screen,

and a Prose 2020 Text-to-Speech synthesizer (Telesensory); the

Motorola monochrome display was used only to display a 'trace' of

the incoming alphanumeric messages that were being converted and

displayed on the color monitor.

The following sections describe the demonstration and the protocol
conventions used for the different tasks that were implemented.
Obviously, to control the length of this document, the description is
not exhaustive; rather, we will provide more detail where important
issues of interactive protocol design arise.

3.1 Situation Display

Figure 2 shows a photograph of the beginning display screen for the
demonstration. (All Figures which are photographs are included as
Appendix 7.3 of this document]. The dedicated and variable-assignment
regions of the software-programmable interactive display screen are
defined in Figure 3. The weapons control and air defense warning
(ADW) states at the beginning of the half-hour slice (time is 1045)
are shown at the top right of the screen; note that redundant coding
of the ADW is accomplished through color.

We have adopted the convention that binary-function keys (e.g.,
on-off, display-no display) are coded by a box surrounding the
function label (whether that label is alphanumeric or graphic);
functional state changes are accomplished by directly touching the
software key on the display screen. The enabled state of the function
(e.g., "on,' "display') is coded as a change from white lettering on
different colored backgrounds (used to code other information, as
discussed below) to reverse-video black lettering on a green
background. In Figure 2, the main-menu at the bottom of the screen
indicates that the "SET-UP-DISPLAY" function is active.

The SET-UP-DISPLAY menu is shown in the variable function area on the
right of the screen. For demonstration purposes, we chose a default
starting state in which no friendly assets are displayed; this
decision, of course, was arbitrary and could be modified tc show those
elements that are meaningful at system initialization.
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Figure 3

Software-programmable interactive display screen layout.
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The top section of the menu shows a brea3kdown of a-sets by unit type
(i.e., DIVAD-"DVAD', STINGER-"STNG", CHAPARRAL-"CHAP', and CO1MIAND
PO3TS-"C P") and Task Organization (Brigades-"BDE", Task Fcrce-"TF
ELY", and Division Troops-"DIV TRP*); cells within the matrix show the
breakdown to the battery level organization. The asset and task
orgarrization main levels are differentiated from the battery-level
b:-eak-~nwn by using white keys on a blue background; it also provides
visual emphasis to the fact that pressing row or column keys will
cause all elements within a row or column to be displayed. If the
user wished to see all units, he would press the ALL key in the
upper-left of the matrix and all units would be displayed as shown in
Figure 4. If, at this point, he wished to display only DIVAD units,
he has at least two methods of doing so: (1) press the ALL key once
again to erasa all units, and then press the DVAD key to display only
DIVADs, or (2) press the STNG, CHAP, and C P keys to return them to an
off state (i.e., erase those units from the display), leaving only the
DIVADs displayed. This final state is shown in Figure 5. In terms of
the number of key presses required, method (1) is more efficient; on
the other hand, if the user wished to see each unit type as it was
being removed in the process of displaying only the DIVADs, he would
use method (2). The point is that one cannot define effictency simply
in terms of the number of key presses required.

The lower section of this menu allows the user to selectively display
ASSETS and Battlefield Geometry (BTFLD GEO) features. The full
battlefield situation with all features displayed is shown in Figure
6. Note that the FLOT label appears in the BTFLD GEO submanu, but no
box surrounds it. Following our convention, this would imply that the
user cannot display the FLOT. In fact, in this scenario, the FLOT is
not defined until it arrives as a Battlefield Geometry message at
about 1055; we describe in Section 3.2 how the FLOT key is made
available to the user when the information is available for display.

The symbols used for representation of battlefield geometry features
follow the conventions specified in FM 21-30, "Military SyAols. For
unit symbols, we had originally used the symbology defined in Appendix
V of MIS 34585 (see Reference [I]). This symbology does nct
differentiate among the different kinds of fire units; we think such
differentiation is necessary. We did not want to color-code the
symbols because of the limited number of colors available that can be
easily distinguished. Therefore, we adopted a siraplified El-.ape-coding
sc rzheme: DIVADs were rectangles, STINGERs were triangles, ard
CiAPARRALs were squares; all friendly fire units were color-coded
'.rua. The four FAARs were shape-coded as diamonds. A pict -re of the
Lattlefield situation using this coding is shown in Figure 7. During
the demonstration meeting with HEL/AAAD personnel, it was 7gg-.?ted
that we use the standard air defence symbology; the battlef'eld
3ituation using this coding is chown in all preceding photccaphs
cther than Figure 7. While our subjective irpr~eion is tYt the
Si:-p1 ified, co:.etric ~hapes are ruch easier to dirtri. nat-, the ,u-e

of a >tanrard aymbolcgy would be requi-rd in .n o:;-:tion l :.tt ty.
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The !.-ge situation display only shows unit designation lahels for the

Battery Command Posts; adding the three- to four-character
alphanur'eric unit labels to the large display would have afded a great

deal of clutter. Yet, in an operational setting it will certainly be

necessary at times to know specifically who a unit is, or :o inspect

an area of concern in greater detail. With this in mind, .-e added the

IN3?ET function which e:-:pand. an area of the situation - and
displays it in the variable function area. Figure 8 shows the user

prc-pt after the INSPECT function key has been pressed. T.-e user now
touches an area on the situation display and an approximately
9 km-by-9 km area, centered on the touch location, appears in the
auxiliary map area, as shown in Figures 9a (geometric shape coding)
and 9b (standard AD symbology). Note that map symbols are enlarged
and unit designation labels are added. It has been suggested that we
might have shown the blow-up of the situation display direztly on the

large map; we chose not to do this as the detailed map would obscure a
large section of the current situation; we judged this to be
undesirable from an operational point of view.

3.2 TO-ABMOC Message Processing

All TO-ABMOC messages were converted to an on-line data base residing
on a PDP-ll/70. A small "communications network" simulation program
was written; it reads the time at which TO-ABMOC messages are
"received" (from the message data base), and sends the set of messages
occurring during each one-minute interval to another computer (a
Codata 68000 system) where the ABMOC "console" demonstration was
implemented.

Five message types were selected for demonstration; these accounted
for 55 of the 76 incoming ABMOC messages during the half-hour
scenario. The principles guiding the design of message representation
were:

- to reduce the amount of alphanumeric data to be read,

- to develop gr;i)hic representations of messages that were integrated
with the r;ituation display whenever possible, and

- to -patially integrate (i.e., co-locate) new information and
unr-irput r'-qucK3ts with existing information.

i-pl77--nt-ttion of these principles are described in the ne%: five

2.21 R' ,:Dorting Unit Location

Of the 76 '-igs received during the half-hour interval, 44 were
ron friendly asset positions. An example of a "repc-tirg unit

! ,,tion" ;c ge is shown in Table 3 (for clarity, most ba-tl-field
-it,-ation f tures that are irrelovint to this and sub. :ue:.t c.<opl,3
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of message processing, have been removed from the screen). In
represknting position changes graphically, we chose to indicate both
the old and the new locations (or, in the case of FAAR updates, old
and new altitudes); if it is important to know how far and from where
a fire unit has moved, both locations would have to be indicated. If
both locations are to be observed, they must be displayed for sone
period of time. Finally, the user must be able to distinguish between
the old location and new location indicators; hence, they rust be
coded in a discriminable fashion.

Table 3

Example of Reporting Unit Location Message

1046 (Scenario Time)

FROM: 2/4/B
TO: ABMOC

MESSAGE TYPE: 20 (Reporting Unit Location)
MESSAGE: 2/4/B to FH473215

Figure 10a shows an example of an old and new location of a STINGER
unit; the old location is indicated by the green STINGER symbol and
the new location is indicated by the oversized (relative to other
symbols) green square. Green was used to highlight the two symbols.
It was chosen because of the eye's greater sensitivity to wavelengths
in the mid-range of the visible spectrum; yellow was not used b2cause
its widespread use to indicate cautionary states. Both syrbols remain
visible for about five seconds; afterwards, the aqua STINGER symbol is
dicplayed in the new location, as shown in Figure lOb.

3.22 Kill Report

Kill rcports specify the unit reporting the kill(s), the type (fixed
or iotary wing) and number of aircraft downed, and the date-time group
(DG) of the report; an example of such a message is shown in Tiable 4.

-
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Table 4

Example of Kill Report Message

1046 (Scenario Time)

FROM: 2/4/A
TO: ABMOC

MESSAGE TYPE: 12 (Kill Report)
MESSAGE: FW 1 DTG 231046 (F/S)

Figure 11 presents an example of a graphics representation of such a
message. The STINGER unit (2/4/A) reporting the kill is surrounded by
a yellow box. The 'report ' itself is displayed in the upper right of
the situation display: the AD fixed-wing aircraft symbol denotes the
type of the downed aircraft, the X above it is the conventional
'destroyed" indicator, and the DTG of the report is shown at the
bottom of the composite symbol. The yellow color coding was used for
distinctiveness, to associate the unit reporting the kill with the
report itself (this may, in fact, add information about the
approximate location of the kill), and for its implication of a
cautionary state.

A kill report remains displayed until a new one is received (see
Appendix 1 for a brief discussion of when data should be removed from
the display screen). Kill reports would not necessarily always be
displayed in this portion of the display (we put it there because it
would occlude no other data); rather, we anticipate that *smart'
software would 'find, the sparsely used portions of a situation
display, and would plot such data to minimize the overlay of other
relevant situation information. Kill reports, then, would probably be
presented at different locations as the scenario progressed. Rather
than creating confusion, we expect that such shifting in lcation
would call attention to the arrival of new information. (:n fact, one
criticism of the demonstration was that it was hard to tell when a new
kill report had been received since the data always appeared in the
same location.)

3.23 Battlefield Georetry

The one Battlefield Geoietry meszage received during the half hour
provides a ten-point definition of the FLOT; the message is Lhovn in
Table 5. In the demorstration, this message was converted to th,2 FLOT
contour and plotted on the situation map; it is color-codedl blue to
signify that it borders friendly am:uts and to differentia-e it fr-m
the r d FEBA. Figure 12 shows this rcpre'c-nt-,tion.

6
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Table 5

Example of Battlefield Geometry Message

1053 (Scenario Time)

FROM: (D)AME
TO: ABMOC

MESSAGE TYPE: 4 (Battlefield Geometry)
MESSAGE:

REFERENCE NUMBER: ADA4
EFFECTIVE TIME: Upon Receipt

TYPE: FLOT 10 POINTS
LOCATION: From FH270430 to FH270365 to FH270298

to FH350254 to FH407244 to FH468214
to FH520178 to FH522158 to FH527097
to FH510068

At the same time, the FLOT key in the BTFLD GED submenu of the Set-Up
Display function has been enabled and set to the display-state (as
indicated by black lettering on a green background); this is also
shown in Figure 12. The key is now fully functioning and allows the
user to display or erase the FLOT from the situation display as
necessary.

3.24 Air Defense Warning

One Air Defense Warning (ADW) is received during the scenario; the
message is shown in Table 6. When an ADW is distributed, visual and
auditory alerts must be issued to the user; he, in turn, is required
to manually (i.e., explicitly) acknowledge that he has received the
mrssage.



16 Re3earch on Interactive Protocols
Lockheed Electronics Company

Table 6

Example of Air Defense Warning Message

1055 (Scenario Time)

FROM: HIMAD
TO: ALL

MESSAGE TYPE: I (Air Defense Warning Report)
MESSAGE: AIR DEFENSE WARNING CONDITION: RED

Figure 13 shows the change to the ADW indicator in the status region
at the upper right of the display screen. The instruction to
acknowledge receipt of the ADW is presented in the reserved message
region just below the status region. The auditory alert, presented
simultaneously with the ADW change and annunciated by the
text-to-speech voice synthesizer, consists of the following message:

*Warning! Air Defense Warning: Condition Red. Please Acknowledge."

Notice that the visual and auditory alerts carry explicit information
about the message requiring the user's attention; often, visual and
auditory alerts simply consist of non-specific flashing indicators and
auditory "beeps', respectively. We think an explicit auditory
message, in particular, is advantageous: the information can be
received without requiring a shift in visual attention. Of course,
there could be drawbacks to the use of such auditory messages in a
battlefield environment, and assessment in an operational context
would be necessary before we could unequivocally recommend their use.

ULer acknowledgement of ADW receipt was accomplished in the following
manner. Note that the ORED' ADW is presented in reverse-video in the
rectangular shape of a key; the user acknowledges the message by
directly touching the ADW status indicator. Once he does so, the
*key" is dioabled (i.e., the box disappears) and the instruction to
acknowledge the message is removed from the reserved message region.
Both of thece changes are shown in Figure 14.

On rany system3, all operator acknowledgments are accompliched by
prc33ing a single key; no unique response is required to differentiate
ar.Dng the different messages that are received. We think or
approach, requiring unique, specific responses, which also force the
uc,?r to look directly at the new information he is acknowledging, is
prrcfrrable; "hen a non-specific response is required, we iT-gined that
a u-or could often issue an acknowledgment without even loc'-ing at the
r.'7;iae, and would be particularly likely to do so when ncz ge Icad
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and the stress of the situation increase. Messages that require an

operator's acknowledgment are presumably important; precluding the

possibility of his ignoring them reduces the potential for subsequent
human error.

3.25 Weapon Control Order

One Weapon Control Order (WCO) message, shown in Table 7, was issued

during the scenario. WCOs are accompanied by visual alerts, and, as
with an ADW message, user acknowledgment is required.

Table 7

Example of Weapon Control Order Message

1056 (Scenario Time)

FROM: HIMAD
TO: ALL

MESSAGE TYPE: 29 (Weapon Control Order)
MESSAGE:

ORDER NO. 23-12 AREA NO. 2A
PRESENT STATUS NEW STATUS

FW Hold FW Tight
DEACT TIME 1210 EFF TIME 1211

RW Hold RW Tight
DEACT TIME 1210 EFF TIME 1211

STATE OF ALERT: Assume Battlestations

For demonstration purposes, we showed the WCO change as tho- gh it had
just become effective (rather than using the effective time -s cifi d
in the message, which was outside of the hilf-hour period of c-n:L-rn).
In a 'rahion similar to the changes effected by the ADW, thr r-c,?ipt
of the WCO caused the 0FW" and "RWI values di-played in the
satus area to change from "HOLD* to "TIGHT". The visual pr. pt to
acknowledge receipt of the WCO is displayed in the rr~ervd , ge
area, along with the state of alert mesrje to A7:-urie
;ttleztations." This display of WCO information is :ghown -:- Fi-ure

16.

Though an auditory warning is not required for WCO oe:: , we
provided one to give a o>?cond ex<arrple of -n ex'plicit audito/:
indication. The auditory alert annunciate-d by the t-hxt-tc- h
synthesizer is:
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"Note: Change of Weapon Control Status;
"Fixed Wing: From HOLD to TIGHT;
'Rotary Wing: From HOLD to TIGHT;
*Please Acknowledge.
"Alert: Assume Battlestations.'

Operator acknowledgment is entered the same way as acknowledgment to
an ADW: the new values are displayed, enabled as keys, and the user
must touch both the FW and RW values to indicate he has seen them.
The change in the displayed information following operator
acknowledgment is shown in Figure 16.

3.3 FROM-ABMOC Message Processing

FROM-ABMOC message processing refers to message composition by the
ABMOC operator. This function can be activated by selection of the
•COMPOSE MESSAGE' function in the Main-menu; the submenu of all
messages that can be created by the ABMOC appears in the
variable-assignment region of the display screen (see Figure 17).
Messages have been grouped into related-topic clusters. By touching
the appropriate name, the user would select the message to be created.
Only movement order message creation was developed for this
demonstration; this is reflected by the presence of a box around *MOVE
ORDER' -- signifying that it is an enabled key -- and the absence of
bc:es around all other message labels. The movement order was
selected for implementation because it presented an opportunity to
demonstrate a number of interactive display techniques for data entry.

3.31 Movement Order

Samples of various movement orders are presented in Table 8. The
message fields and field-values used in the demonstration were based
on the particular examples provided in the scenario; methods for
entering the data of other message types can be predicted by
generalizing from the example we have provided.
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Table 8
Examples of Movement Order Message

FROM: ABMOC
TO: FAAR A

MESSAGE TYPE: 13 (Movement Order)
MESSAGE: FAAR A from FH 215354 to FH 116360 at 231800,

GS

FROM: ABMOC
TO: B Btry

MESSAGE TYPE: 13 (Movement Order)
MESSAGE: Move weapons to FH 4222 to FH 4422

FROM: ABMOC
TO: E Btry

MESSAGE TYPE: 13 (Movement Order)
MESSAGE: Move weapons to FH 538082

FROM: ABMOC
TO: D Btry

MESSAGE TYPE: 13 (Movement Order)
MESSAGE: Place PLT DS to DISCOM EFF 231200

The sequence of operations for generating a movement order (described
Liow) was determined by analysis of the movement order messages
piovided. We considered, but did not address a number of issues,
including:

allowing the user to vary the order in which he enters the
parameters of a movement order message,

- piranoter field "skipping" (i.e., null fields),

how to provide feedback to alert the user to the fact t!.at h? has
-.ipp: d a field, in case he has done so accidently, or hs rride an
entry that is *tactically questionable* (this would require

intelligent software that would not *blindly* report on -,isiing
fi-d3 or blatant errors, but would parse and assess a r--ssage for
rniningfulness"; such assessment would depend, for exa'-le, on a
-:.Iowledge base that describes how assets can move over t. giv,?n
torrain, whethir the move is 'reasonable" given the c.r.--nt
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situation and the location of recent kill reports, whether the move
will introduce vulnerabilities in the defense, whether the
specified units are 'robust' enough -- based on evaluation of
supply and equipment reports -- to achieve the specified mission,
etc.), and

- revision of a composed, but not yet released meszage.

Clearly, the definition of an interactive protocol for rovement order
and other message creation would require that these and other issues
be examined.

The first movement order parameter to be specified is the name of the
unit who is to move his assets. Following selection of the MOVE
ORDER message type, a menu of the potential candidates app cars, as
shown in Figure 18a. Notice that the menu is specific to the ABHOC
echelon. Again, for demonstration purposes as well as to alleviate
memory demands placed on the user, an alphanumeric representation (a
'trace') of user inputs is displayed at the top of the
variable-assignment region; this conversion to the more standard
message format is demonstrated in parallel with the data entry
functions described below.

The user is prompted for an entry by the green-coded "Move Who' above
the menu (following the conventions of this demonstration, it is
apparent that only Movement Orders for Batteries (BTRYs) and FAARS
were implemented, as indicated by the key-indicator surrourning their
labels, and the absence of a box around the other SHORADS C 2 units who
can be commanded by the ABMOC to change location). Suppose the user
selects A BTRY; as shown in Figure 18b, a submenu of A BTRY assets
appears below the BTRY column. Had the user selected a FAAR instead,
no such submenu would have appeared since such a breakdown is
r.eaningless for sensors.

In this example, the user presses the WPNS key (indicating that we
w-ints A BTRY to move weapons), as shown in Figure 18c; both uelections
are indicated by the green reverse-video coding. After the us;er
pres3es the WPNS key, an ENTER key is displayed to the righY of the
sibmenu. The availability of this k-2y is suppre3od (by nct
dzlcplaying it) until after the user has entered oufficient " nfort-1tion
for the addres3ed unit to be specified. When it is po'zigibl-,
irhibiting the availability of keys until they are logically
Treaningful will prevent inadvertent ori-i;ion of re4uirred d1 >" .

Until the user presses the ENTER key, it is pc::>ible for hi- to c e e
his -elect-ions for either the primary unit name or the unit':3 t.

The next menu of choices to appear allows the user to rpr-cify re
the designated asset is to move. This *new location* monu i n in
Fijure 19a. Two sets of choices were indicated by the rove rt
exaplivs in the scenario, and are viuilly clu-st-rrd on th,. y.
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POINT and LINE allow the user to specify location(s) on the situation
display; the listed names allow entry of an AD unit, without
specification of the unit's location.

Assume the ABHOC wants the A BTRY weapons moved to cover a line near
the FEBA. He presses the LINE key and ENTER key (see Figure 19b), and
a new display appears. Figure 20a shows a prompt for selection of a
battlefield area. Rather than entering positions as UTM alphanumeric
d signations, the user will specify a battlefield location in the
'language" of the situation display itself by directly touching a
location. Because he cannot sufficiently resolve locations on the
full-scale map, a blow-up of the desired area is provided in the
variable-assignment area. The user touches the general area of the
battlefield where he wants the A BTRY weapons to be deployed. As with
the INSPECT function (described in Section 3.1 above), a 9 km-by-9 km
area is displayed, centered on the location of his touch (see Figure
20b); at the same time, he is given a prompt to 'Select first
locationu (two points are required to define the LINE). The area
shown in the high-resolution situation display is indicated on the
full-scale map by the green border.

The user touches the high-resolution display to designate the first
point, and a green dot, indicating the location of his touch, appears
on both the high- and low-resolution displays (see Figure 20c). This
location is converted to UTM coordinates (e.g., FH368243) and
displayed in the alphanumeric representation of the message. The user
can change this first location until he presses the ENTER key.
Following entry of the first point, the user is prompted for entry of
the second point (see Figure 20d). When a second location is touched,
a second green dot and a line between the two points are displayed.
Agaira, the user can change the location of the second point until he
presses the ENTER key. (Note: the scale of the high-resolution
situation display is sufficient to specify the two-kilometer lines we
observed in the data; if it were necessary to specify shorter lines --
i.e., two points with less than a two kilometer separation -- a higher
resolution "blow up' would be provided.)

Following d,signation of the line to which A BTRY is to move weapons,
a mission must be specified. This is accomplished with the m nu shown
in Figure 21, u-ing the same data entry protocol described for all
pi.covrding menu -l.-ctions.

The final entry i -quired is ui::,kificatirjn of the Date-Time 7group (DTG)
at which the rovem.?nt order is to take place. These d.3ta a.e entered
u ;ing the low-re:olution (hour int.ervals) *digital* clock F n in
Figure 22; an analog clock, allowing entries to minute riJ>olution is
r .ue-ry in an operational situation, and, hence, preferable; one
would have been developed had more time booen available. ?ore that the
r jv ....nt is assur.ed to be required sometime during a two-day ;.-;od,
-o only day 23 and 24 choices are dirplayod. Movement ordt.r DTG

p-ification at -zhlr oth.-r tY-in A3EJC would rrq uire ty ,t the
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*day-window" be widened (for higher echelons) or narrowed (for lower
echelons).

Regardless of which Main-menu function is being used, the cperator can
always change functions; in composing a movement order, for example,
the user might want to move assets that have been inhibitel from
display during the SET UP DISPLAY operation. The user would select
this main-menu function, display the necessary units, return to the
C XPOSE MESSAGE operation, and would be returned to the exact point of
mnovement order creation where he had left off to change the situation
display.

4.0 Discussion of Alternative Protocols

There was insufficient time to demonstrate an alternative Frotocol for
message creation. Our decision to demonstrate an interactive display
screen protocol, however, was not arbitrary; in our opinion, the
method is preferable, for the tasks performed, to both forn-filling
and 'natural* language using a keyboard. (A more extensive discussion
would also cover voice input, used both in okey" replacement and
natural language modes.) We briefly present our assumptions and
3utification for this position.

(1) We assurnced that a user would directly select a location for a movement
order, as opposed, for example, to simply performing data entry of a
spcified UTM coordinate. In this latter case, data entry would
require a numerical keypad and a special alpha-matrix to designate
coordinates for the area of interest. This form of data entry could
still be accomplished with a modified data entry keypad displayed
dirctly in the variable-assignment area of the screen; an example of
"uc=h a data entry *device' is shown in Figure 23.

[NOte that the convention of using co-located display and Input
c-nitrol surfaces does not imply the use of a touch screen overlay to
the ai-;pliy; any cur,=or positioning device, such as a mouse or
i: m,:kLll, could be used in lieu of the user's finger. ]

(2) T,. d vi e must be distinguished from the protocol used for input.
}: iy'Jrds ay be u>3d for menu-selection, form-filling, and natural
1 rI uu 72; .nu- :electton, form-filling, and natural language ray all

;Al.: .nted with voice recognizers. The use of a particl!4r d-vice
,ot ',jcj2,ly irply the uae of a particular protocol; c-nvcr.--ly,

1.1: 2 Cif a j ,rticul;r protocol doe3 not imply the use of a

0
-jr
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Figure 23
Example of modified data entry "keypad"

for UTM coordinate specification.

FG rF H
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(3) The use of a menu-selection protocol implies that there are a limited
number of choices for some parameter's value; the user selects one
item from a 'list' of choices. (A 'list' is an enumeration of
options, arranged in some spatio-temporal organization; options ray be
represented graphically, alphanumerically, aurally, etc.] Analysis of
the scenario d-kta indicated that, with the exception of lc:ati:n and
time specifications (for which none of the atove mentioned prctczols
would suffice), there were very few value choices for each of the
Parameters of a Movement Order. Whether or not this is true for other
7?ssages created by the ABMOC, for all other nodes of the EHORADS C2
system, or for message communication in any system, would require
detailed analysis of possible parameter values for all messages in a
system. EWe are familiar with Appendix II ('Information exchanged by
the SHORAD C2 system*) and are aware that certain parameters of
certain messages (e.g., 'Air Track Report: AC Type') show long lists
of possible values. It may be possible to break down these lists into
rore logical groupings; further analyses would be necessary to
determine if this is operationally beneficial.

(4) To make a meaningful distinction between form-filling and
renu-selection, a definition of form-filling must be specified. For
example, the Movement Order creation demonstration showed an
alphanumeric representation of the data being entered; the entries
were placed in fixed fields of an invisible template. Had the
template been made visible, the operation would have looked very much
like form-filling. But the entry of data was accomplished by
menu-selection and *locating' operations.

We restrict the definition of "form-filling* to mean the following:
the different fields of a message may be specified, but the possible
values for at least some of those fields is extremely large; the
structure of the message, then, is fixed and specifiable, but value
choices may not be practically enumerated (as is possible with menus).
The list of options is generated in, and selected from, the mind of
the user. Selection of a value from a (virtual) continuum (e.g.,

*,ttirig a voltage, naming a particular individual in a group of 2000
[ c-.:ple) is an inotance of form-filling.

5) V'y did we avoid uoe of a keyboard? First, if the user had been
r_.quired to fully type out his selectiona, keyboard entry wijld have

-.en much slower than the direct m:?l-i;tion thod. No effestive ertry
(-.g., 'A BTRY', WP.S', 'DIRECT .3Ur'P0RT', etc. ) was one letter in
1 rgth; but only a fingle koypre::s wps required to imke the .ntry. In
a!l crmes, multiple keypi-esses would hAve boon required if the

lectiona had been typed out; obviously, such an approach wuld have
ti kon more time, and introduced errors which would hive had to be
co:rected. The approach we adopted is superior to full keybard
entry.
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A sEcond approach would have been to match the number of key'board
strckes to the single button presses required in the direct touch
screen selection. This could h3ve been accomplished by labelling
(e.g., 1i1, *2 *, or "aw, "b, etc.) each option displayed on the

screen. The user would press the key on the keyboard corresponding to
his d=eired choice. Both data entry methods require a key;:ezs, but
the t_,tal activiity required of the user in the two cases is not
identi:3l. A oeparison of the zequence of wmentall, 'perceptual',
and ":-Dtor" activities required by the two methods is presented in
Table 9. This approach to the decomposition of tasks has been
described by Card, Moran, and Newell (see Reference [2]). We note
that

- the particular breakdown of choice data entry into the sbtasks
presented in Table 9 is supported by their research; each of the
operations listed can be empirically isolated and differentiated
from the others, and

- there is overwhelming evidence from their research (and from the
experimental literature, in general) that each of the suttasks
enumerated take real time (varying from a few hundred milliseconds
to a second or more).

Table 9
Comparison of Keyboard and Interactive Screen Methods

for Data Entry of Parameter Choice

Action Keyboard Interactive Screen

Find Choice (read options) X X
F>_-d T-nb.l of D 2-ired Choice X
:.'.'e E)yes to Yeybonrd X
Find K:'y 1ntching Lnbel X
Finer to Key X x
rr: 's Key X X
P -t'irn Eyes to Dif-play x

t r Ilitary pzrzennel are poor typists; it would take ther longer to
(1 >,y'c. rd d -t -ntry than interactive screen data entry. (Whether

cer riot it yr~uld take lenogr for Ekilled typists is an empirical
ue. ) ir, e t . _l.-ctions nnd data entry to be made by th- u ?r do

.,ot rI iuire a . yrj ird (i.e., all tacks can be accomodated by the
int-.-,:t7ve . r 2n 7.-thrd), thsre is no justification for it-- u e. In
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fact, the prediction of longer data entry times are an arc7_inent

against its use.

Note, by the way, that the superiority of the interactive screen
method does not depend on the use of a touch screen overlay, which, as

others have quite legitimately argued, can result in fa3tigue of the

user's arm if used for extended periods of time. A rou:e, which does
not produce such fatigue, could have been used for direct scr;en
interaction for selecting options or designating locations. The
critical difference between interactive screen and keyboard entry
techniques is that the latter requires the user to look away from the
display screen while the former does not. It is the time lost in
shifting visual attention, and in performing cognitive, perceptual,
and motor reorientation to different display/control devices that
argue against the use of a keyboard when the tasks to be performed do
not require one.

5.0 Future Studies

We suggest that future studies on interactive protocols address the
requirements of a particular application (i.e., a system, like SHORADS
C2). That is, a detailed functional specification of the user tasks
must be available to determine which kinds of protocols and
input/output devices should be considered. In the preceding section,
our justification of an interact. ' display, menu-selection, and
locating approach depended on analyses of the specific data that were
made available. If, for example, the SHORADS C2 system had a
requirement for free-format message construction, some level of
*natural" language processing and use of a keyboard and/or voice
recognizer would be required; analysis of a natural language protocol
would be meaningful in such a context.

Second, the experimental context in which protocols are evaluated will
determine the generalizability of the results to an operational
context. The results of an experiment in which many subjects are

5. mpled for short periods of time will be quite different from a
_7. ,ple of a few subjects who are run for extended priods of tire.
The latter methodology is appropriate if it is oni-going opo:3ational
?,Iforance, rather than novice behavior, that is to be pre.dicted.

The collection and analysis of data from such an op.?ration2. uontxt
•. eud r.quire:

- on-line (i.e., computer-based) data collection and analyl-is
F7ogrars, and

- an operational testbed which simulates the activities of the
,:-rational situation with a high degree of versimilitud?.
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Woe .:te that on-line data coliection and analysis routines would havz
r-ore gwe-neral applic7-iility: they could also be uced as one co-,-yc':n-nt
of amtedded training. They would also be used during ongoing
crarationa to provide a quantitative basis for d~ftorrining when

*~akshould be given to a uz,7,r. (A more :ixt-nsive discupion of
Sre2quir2rnents of in-line "hUT-an p rforrn:7ro vnituring' may be
fo-din ~eecs(33 aid 141.)

An ope rational teatbed could be effectively coLnstructed from no,!-s
re ' iding at different geographic locations. Such nodes would be
linked by a commercial network; data transmission rates would be no
worse than those currently anticipated for military systems. Such a
distributed system would include the following advantages for the

* design, de velopment, and evaluation of experimental sy stems:

(1) no single laboratory would bear the burden of constructing the
entire system, yet would enjoy the benefits of evaluating a node

0 within a larger system context,

(2) df:,monstration of the system would be possible at a number of
locations (thus reducing travel requirements),

(3) development work at different sites would be available to all
rcsearchers on an almost instantaneous basis, which would
effectively extend the research com~munity of all group3 involved;
sharing of reources (e.g., technical expe-rtise, coftvare
capabilities, etc.) and critical interchanges would be a co-,ntinual
process, rather than events that take place only occasionally at
technical meetings, and

(4) it is representative of the real situation in an operational
environment.

Our last commec-nt is concerned with the tools that are available for
prctotyping and evaluating human-machine interface desqigns. Too often
the irajority of dces-ign and evaluation time is rpe--n t on tasks that are
irrelevant to the i:3ues at hand: hardware interfacing problems,
.--v ice drivers, s oftware developrment of --croon formats, etc.

rni juently, the empirical evaluation of d-sign alternativtL3 is
COr.--ory, at best, and design errors becoi7 o apparent whren it is

~-reydifficu:Ilt, tiw,-on:3uuing, . nd expensive to corro-ct tho ,n:
th--t is, after th E;zt* a --- da-(-fP- -nd fieldled.

7 ; r;_-vlorr7_ntof the e'xtfcnzive dr_-orn trcition doe<5ribc-d in hi s

,-..-d t!Y,? huurari, not on software d-:ve lopI..:nt or hardware conc: r nn. The
d: r:itrat ion development took -,Yhrut 120 hou-.rs; we think we - ' -ldl be
hieto prototype oystems even fi t-ter (e.g. , reduce the 120 hs~urs W-_
>~tto a3bout 40).

04M Nl
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Such ra ;id d~lp2tis only pc-. ible if 'r~ipid prot.ty-ng" t-ols
are availzble. We arc? 1b?ginning a nrbrefforts to d--ve.:p Eu--h
tools. Ont- tool % culd ccolt:rate the 12v,2lop-,2nt of C:ns :le 'd'-4-.ta0,
such as the? interactive display srn d-oscribod in rS---Ztl:n 3.0.
E=s:&,ntially, tirre would be saved by allowing the dvl:erto

'~ro~r~ ir---tly in inter;3ctiv-? cr iphic ter:-3 - - e.g. , .- w iin>
dlroctly cn- t'odi-.ia scrc-n -- rathe-r th; n h.&-vilng to~:ul~ rt

~;t 17,? c: Tstol (an extension and ernha-nc -ont of E-s - l, the
:.-teacto-phi-.:3 1.,ngu-3ge c-urro ntly in use in our labc.-at-,.-y)

would be voop in a way that gave it both do2vice indpT-nd -- ce and
pcrtibility to diffor.nt op.?rating syston's (e.g., RSX, VMSE, UINIX).
The end re-3ult would be that, r-jardless of dovices or cor-;Duting
c-r~viron..:;-nt, a single high-level develop~ment 'language" could be uced
to d -ve!-p hu-,-an-r-chine transact ions. Since this d~velop-ent would

b: o s-,ift, alt-z-native protocols could be prototyped and em'pirically
evaluated within -1hort, periods of titre.

Our other "r-pid prototyping" activities address the data :developn'ent
re~ure-ntsof the C-neralized Huran-Ilachine Interface, a system

und.?r d,-vtlop-2 nt at Loc-h,2ed for the past four ycirs. A -,-cription
of th~zse tools cmn be found in two proprietary reports (3ee References
[5) p,>j [GJ).
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7.0 Appendices
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Appendix 7.1

Suinrary of HEL/AAAD and LEC 1-day meeting: 7 December 1934

-eting Date: 7 Dber 1234
Location: Lockhe:d Elrctronics Company, Plainfield, !:w Jersey
Purpcze: Show Interactive Protocols demonstration and hold

discussions

Attendees: BEL/AAAD Lockheed

gt. Jim Bevins Mr. Joseph Barletta
Dr. Jon Fallesen Mr. Richard Brandau
Major Marcus Cox Mr. James Coburn
Major Roger Duckworth Mr. Paul Corrlgan
Major Roger Parks Mr. William Guyton
Mr. Christopher Smyth Ms. Merryll Herrsn

Mr. Jules Kaplan
Dr. Rita Knox
Mr. Don Rowan
Dr. Eric Sigman

Certain revisions were requested during the morning demonstration
'::sion. The revisions were the changes in symbology coding dc-acribed
in Section 3.1 above. These revisions were incorporated and
demonstrated in the afternoon. Such rapid changes are made possible
by the high-level development tools used in the Human Machine
Interface program.

During the afternoon session the following issues were discussed:

o Symbology Should users be -ible to Lpc-cify their own,
per 7onalized syrbol :;ets? Should one standard
.ymbology set be u:3ed, or are rultiple sets
(differing in co:plexity as a function of the
operation in which they are used) required?

o prir'er E'-1eddod training is a requirement of
n--w .;yL tczs under develop-ent. Operational .sy te
will be rifquiic-d to have extensive help fac-litiP:.

o DLta When _-hould differ,?nt data be displayed?
D1i :lay How and when will data be selectively filtered

from displays as a function of the current
,,tivitios of a u;:cr?

Vhern r'hould di.;plyed data be removed from
the display? !hould thr-re be built in "tira-out*

4s
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App-ndix 7.2

'Interactive Protocols for generalized human-machine interface"

I
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functions? Should the displayed data be replaced when
updates of the same type are received? Should the user

be able to specify that he wants data to be reicved?
How does he accomplish this?

o P'Ot'Dcols What are the candidate alternative protocols?
Can they be compared through analysis? Are
demonstrations necessary? What quantitative data
should be collected? What is the appropriate context
for the collection of the data (can generalizations
be made from data collected during half-hour
experimental sessions, or must data be collected in
an operational context)?

o Input Does the separation of display and control surfaces
Devices (such as is found when information is displayed on a

screen and inputs are entered from a keyboard)
impair performance? What should the input device be
(mouse, joystick, touch screen overlay, etc. ) when
display and control surfaces are co-located?

o ''ho's the Will the Officer-in-Charge (OIC) ever want
User? to directly control communications (e.g.,

directly interact with the display screen) or will
communications always be mediated by a subcrdinate
(an operator who is making data entries bazed on the
OIC's directives)?

What is the appropriate user profile? What time frame

is being considered for implementation of new systems?
Will fewer individuals, each having higher averag
capabilities than the current average military
personnel, be using these systems?

Will there be more than one user of each system?
Will individual use be task-dependent and vary as a
!cenario develops? Should the system be ad:ptable and
,-)difiable as a function of who the user is?



To ,; jr in Pr - t 7 . . l V. -' C3  S, I's -1 15 J ,ne 1 .4. v i
i lb c!..r e r_-t 'r VIA.

Rita E. Knox End Richard Brardau

L::'.'ed Ele:tro ice Coa;any, Inc.
1501 U.S. Fi;gway 22, CS 01
F'&,.nftPld. Few ':sey 07061

_ '- this me&n that the rules cf reas, w>. r t : a are
1;:elevant to han-ccm-uter ir, era: :cn?

*-..ication rpqi e7'.@ to b e o ;,z_ ted by t~e
-- eralized Huma.- ach. . :r*e.:* tG-MI) fall into Third, there are features of irter-1 ran ccwo.Jni:ation,

two ;eneral catejories: c:-.i -: tion i:t elI1 enc -, such am our ability to follow :a nit Ione itween

wich Includes asa-mpt~on r mane by c c vinicator s, topics, which are not gerera.y available in

t~pical czntext, style, and versatility of information huvan-aachint cosmunication (Bannon, et ml. 1); their
re; esentatizne, and the retP__ zntat1izr themselves, atence limits human exploitation of ccuter

vw ch are the irformation-to-data and capabilities. Them feature., such am hman

cita-to-information trarmlation rules. This paper attentional abilities, are overlocted when crit:cxsms

:s.ases the representation problems of human-machine of the inter-human andel of human-m.:hine Inter.7tion

::mRw rcation within the context of more general arise.

feat-.rev of htsan ccaa nication. Increasing emphasis in being place' on the lmmortance
Intr:ductxon of natural language procemsing for human-machine

ccimunication (see Strategic Computir; (14)). While we

I-tera:tive ccommunication Letveen human and machine agree that natural language i an is;:.rtant capability.

(i.e., corputer) has, for the maet part, been mediated it is only one vehicle of inter-h.wan communication.

by keyboard and display screen: the user issues a If and when full natural langua.;e processing by

statement which must obey the rules of some machinem is achieved, it will not muffice am the wedlum

well-defined colsand language and the machine answers of expression for all ideas we might want to exchange
by snding a statement to the screen and/or by changing with sachines.
scme internal state. When people communicate, they sele:t and use (albeit,

An alternative approach, which allcws humans to not necessarily with any awarerem) an array of
An zaltern t hv co putroa h h ich s llo s t h e s ame way corw nication tools that are ap;:zpriate for the
:n".niceate with compuer syster in much the same way information being communicated and .eatje under the
am tey comuunxcate with each other, is adopted by the constraints of the communication envi:onment. We talk.
See:alized Humn-Fachine Interface program (Knox 9)). listen, write, draw, gesture, pc:nt, add vocal
Some peopie have argued that an inter-h-..an model may emphais, and o on. am the ::nlitions of the
be irappropriate for husan-a~chine communication. They covnication event warrant and alltw. That Is, there
pint out, for example, that there is no inter-human is a relationship between the formation to be

eYh nge that in analz;ous to certain graphics corounicated and the ways it car be represented;
cd.is1ay, or the manipulations o graphic oymbols on a moreover, the circumstances governir.; the communication
dis lay which those cov~ands achieve. may impose limits on the variety -f representations

F:rst. our use of *huvar-hu'an c :iinication- as a that will prove useful. For eivmple. drawing and

m- e for hinan-schi ne c. ,I: ct lo n is overly gisturing are useful in direct crma,--=ation. but are

ir.effective during a phone converat.cn.
t ,Iri:tve. H)4canm Interact with vach othr and with

.r.,n:wate cb;ectm; features of =!nipuiating irnlwate To erploy the tool. of humarn ccriunlcat:on in
i -:to X st be captured in huvin-ni:-hine .-an-r;,:hine co-municatlon we m t unerstand how

-- ::atbon. Tne cor.cept of rotating an object on a hL-InS map ta2k-relevant infor-ation Into date
s::een im n t foreign to human Lein;s who have rotated r -prsnentations, such am sentences. pIcturel, and
rpal b:pecto in mpace thouar'.d (milliors?) of tirem g stures. Although we are priva.:-y ccrerned here
d-1i:; their lifet:m=a. The a!-,_-ranct of rotating with the reprc.-,-rtatlon problem, we :,r., ot d~al with it
oo -ots in the two cares in diffr':ent, am are the ir,.f ependently of other hu an inf/.:atlon procpe sing
m'oi c a-tzic s taken to a=ccw- li h rotation in the C1ahilitie .
two worlds. Central isnues of the rp;re;.ntation
pr ol->m are (1) how diffeient the v:sual f.at rea of ?any researcher@ are studying T e pr~hles of
the two evnts can be ar.d atill re!a n a c-.rrea -.rence huran-achine interface (HMI, and, variously,
bt w -en the real and artificial wtr ldm be ;, a rent and "ran-machine interface,* 'user-com;.ter Irterface. "

(2) w .at Phould be the rlmticr.hip tet,c-n mitor etc.). We note here that in sat -ps the dcain of
acti a to m;ve real ob)ecto .-.1 motor A:t:c'.s to aive ir.uiry is narrower than ours in thal the dpfinltion of
artificial ob~ectq. h,-an-wachine interface extends %-1y to the data

rrpreser.tation problem. Since :-rv have not
Sk=cnd, t* o..h there are cz-puter--diated a:ti;n for g:dHsed the problem within the c:-text we have u:=nd
which there are no real-world ara1o; es (e.g., for the developlent of the GHMI, e cr- ,:ce

mar -j. at _ujs that violate the !;ws of p . , om) , dt'' I 
tween their d f nIticn of p.c O a t and o r l

:a rnot clhar cut. We will at '.;t, vlwe'er, to

f -rl'.e the :e2at 1 r a.ip t itn .7 murk ar.d o*h are



r% -at) n 7 1 1 its c jir t ly u aIlAt!. (In fi 6 - t It 6tn °A,

t-,t Is In r~i-,d of r jrh.

6r :zg 6, .:y fo;r :rFf: sttc.) vhI'- is rele~ant
to 'V :-e.- t&SK Of tt.., C; :e 7t t p,II&

am1:'..-a 1:m-:.e:Ing that Irf :mi cn Is aiaitg,i

tPP n o yiti~ uiIng - ac* Chat* 15))

t1V I jea-;ath trotugh te la6 I rger stz-.7 of
-- :- et 1.$Aroatlo .! iexitic sa:t*y,

1 . ry se an Y-,oanFl;-e I

oa* i==:cn, P.;ltio:dal attritotes of a particles: a ,trt ard
to captured. For e.ample, It i -e:.

, te b . .:e in wht:h the id's. a re to be for scaeone to say *1ove this cr * j ;.e ae

rd, aly machine aynderstand that the cbject 2;e : poInt ing

at Is the referent of *this' (see F :'aarjt and

: : .. irng the ideas in a fo:* vhich can be Hulteen, (121).
r::.ted, and then exterral zing ties (i.e.,

e, e ;: at1nn). Tht interface must determine wV' :t of the
r~preaentations for mome infnrtatic- 9-.a . be u2'

Ar e-' 4 !i'C I:tin, of huvan re;r -'ntation phen.vnl at any particular time. We don't t-7K 'e cD:;.a

:s r, t ;_-:2tle here. However. t .ere are certain are arbitrary, but depend on a ru%: er sf thin;@.

,at:ent c, 41lities that have been corsidered in the First, while more than one reprer=ntation can be

s: the :i. umed, a particular representation saa :e the sore

natural choice for certain Infor-aa' :)n. Noreover,

the c.me (or similar) meaning Is captured by the representation selected may :=,end on the

d:ff:ent physical representation*. Consider, for particular user) so the system a.mt .- w what the

e-am=e, the various external forms that can be relevant user attributes are in devt:Pir; the use

.,c.. by the concept of a *rose.* of a particular reprementaion. Second.

input/output (i.e.. husan/coaputerl reresentations

'-Ile we have the ability to extract a common during a ps-ticular task should te ',etched.* For

-,; t frca different external repreeentations, we example, while it might be possible to c:senicate

13 not dis:ard the modality- or certain information either by talking or by

tinf-tc-eific Intormation about how the writing, it would be a peculiar c:-.,rtation in

c:: wapt as czmajnicated. That is, we are capable which one party talked and the other ;arty wrote.
cf :e, itering the particilars of how we learned a

;.:t: lar piece of information. If asked how you
kew h:w to get smco'place, you would probably Relevant GHMI Coaponents

:-, ater if you haid been given instructions on the

:,-e or if a:%-.cne lad drawn you a map. The GHMI system under develo;vent suPports

human-machine communication by perfdralng rat, ri
r::mil~y e- 'ient rp;.r,.-rertations do not Inn.aa_ processing. attention morltor:-g to piovide

r .,rily ;rvey the Five oaning, a. many of us context and mequencirg to user Inputs 'and eventually

n.7i-tr,-e when Ic:kirg at an e~uatlon as opposed to host or external inputs), _y!n!!c dev1c asi13rm1nt.w to

' k:rg at a graph of the same ertion, reconfigure the use of console devicem in nearreal-time, and huaan performancj monito :n to detect.

a t "" -c"s (or e.rtl) have mJlt-m3al c~tegorize, analyze, and provide fIt 'tack on user

" .p5. A rce has color, form, scent, aoth errors. The translatlur, between devi- -v;ecifIc data

r .p t-yt.res; a •oving autcmbile has and internal GHMI representatiorn@ :9 perforeed by

r,!it: ry 7nd v:s'..al feat,:r a nich carge d, 'ne and encode wvdules of the a etes. A date

2-, wiel i.w r;euent structure (see Frandau and --x :x3)) micwu
a ng other things, the entry of ser- r'.-,d cc-a!da

If we are to Ircc:;orate te-ae huaan rep:r-tntatlon to off-load data monitoring and mer,ti -i'Aation to
-a :*:m :n a h.;*r-nahire tr tertace cur deeign t -? 84=hIre. All pplicator-ape:fic --ta .i -d by the

.t *t 'at it) 2. folI;w:r.g re iren ntm: C:..I system is rep:e-evnted entirely an :tla thsl
allows new applicatior to be de'.elc;.t th-c.gh tr-e

T's >-7--t ,f dIff rent r, ;.r, r-tatlros for the authoring of data tables. and vlthnu* i i'f::'.7ion of

i -at 1 .* :,r.a at be p , .ent. A ao p.le of pr7,:e eaIrg code. A diagram of the ,a5's=w c: t it.T:t-,e
e ete:--itive re;,e, r.'tione Is pre.-znted aePearl in Figure 2.

F! (*- -e 1. Thle intrfa=e %jet be capable of

a ; mle--ative reP;rPentatlc:,s for output In the GHMI, protocol and rearere tat. -red
. o0 t~r han, and of rt .-Ing different, but by the Lecode module (of which No -7l a-a,._ge

. ' nt data Ir. TUto to the sloe internal Procesirg is a part), the Encode *-du.e. t.e Ottr-,tlon

A o , on. Ideally, the cre-to-aany and Monitor, and the Dynamic Cevice Avs:Fw- t - -iule.
-y -- e wapping• would be specified

a illy. At least for the present. Cecode accepts an input from the us:., Rt.'I a .A Y
.,pr, the varl.aS rep;-..entitcno will be divice-eecific information, .or1 e~t 1* *'.i-. Pnt to
f wi-by-cne t elf At-ce a g reral a standard Internal format, and Fae..l P , -•,d to

ai=-: r.; d. riptlon re;;Ires an _ rsta-Jing the Attention -n itor. This ":d:e P - a .';:h
* .ti n . 2:-s whic:h is '-cthe *ot;,7t' of t he TDwadl as i r A
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Figure 2

"tic" a defxned as a collection of tauka that can be A ra'or advance in humi-&a;:ehr.e %tio was the
p :fo; ed on objects. Topic identification re u res cvelop .-nt of the a-ltiple w inow i=. e t t a l l~ v n

t~at things are talked about in a particular saqjence. the material for a nu ter of u:er-act_ated t z- , t be

kToe s..qential constraints that are active at any tine 94multar.eoualy presented on a deplay. T o::
a re p th -d E; .rient a d , s y . in fact, s~ c i fy th t any o f w indows a y be . er -d efined a -d t .. a V I , V a

n.cser of objects may be talked about in any order.) thereslves may be *stacked.1 Wh:.e t~e atllity to

If the object of the command is part of an active Ptultareously display and accsa c e ' i_,:s a a
t p c, the topic identifier I n appended to the c ,:sand f ature o f the OHI, the overlapping o f t - 'K -,; l -,s is

t fore it in pamed to the Data Base Interpreter for d-liberately prevented for a nvaLer -f r-,,:r. First.

execution. If the object is part of a new or deferred the GEMI is a mediator between two pi -i~ (A h7wn in
t p~c, continued conversation wlll only be p o ible i f Figure 3- 0). Trad t in l "v ndov n g" Iv s c -.t ol of

t.'e topic can be (re)activated. This depends on a the display, and, hence, the toricm cf conversation, to

cvtee;iratIon by the Dynamic Device Assignment module one party of the conversational dyad: the hL,%n sitting
to tc whether or not v rtu l dev ce @ (e.g., d fferent t the console. If the hu an and m:-In # or h un nd

,1rarts of a display) required by the topic can be h':-an if the 'machine* is a ccepute:-. t ,id'a retvork

§.:e a aiaatle. briefly, the ee:=ion depends on the of hue~no) are engaged in work wh, re t'ey h.ave
z. r e n t l y c t iv e t o p i c , t h e i r p r io r it e s . t h e v i r t u l c c p l e e n t r y as s g i n e n t m , t h e r e -7 -I d .'e L.11r i o u m f

'P'Ices In use, alternative virtual devices that may be consequences if the machine's prIor--.Es are not given

- - by each of the topics, and the "disruption
° 
which consideration in the ccofigration =! tcics on the

P y e : * -P d b y r e a s s i g n i n g c t v e t o p i c s t o n e v d ,. p l a y . C c n s i ,d e r , f o r e ) . :- e , t e t ? a t o 
n

-:'m. devies, and. mcnetim--n, rev represiontatine. illkstrated in Figure 3-b. P~ar' -.;')''s tcpic

-:.. point here is ttat the actlvatlon of a priority orcirlirg is a-L-c-d; P2' a s -a-d. If
c &', d t e r --; r p n + t e t o n o f t h e n f o ~ a t io n o f t h t w i d o w a r e a r r a ; c. d & : z d l r g t o P I ' E - " , i - a . P 2

.1" -,d or. tfe -rder in Which pr.zeing t'pilc vill not be &S'e to -- .: ncate ;I s .3t

-Vt v. st:lated, and on the particular ar:ay of -Iority topic - c; if p*rfc:7 .%e cf a - ,

i cm tc vhich a rev topic say be alc'ed. am well &a on or th participant'. york. mc v' t it to 'I

'rr' p:cI;rtaml of the topic itself. r :loosly 1;"ired by PI's I- F2's

4 irforrition. (In ot.-r .-,,do, P2 v,- rig

e( t t:; c @,j:,.*m ir being a:tivated, the virt,.al or, tcpic-c and the data on the •.:-T :W im

, .'.;r r ft irforatWr. and activation 'trig;er' cc,;ing; have er, if the *ird:va a.-: - -c P's
ar :-F'd to the Fr, c-.e m:Jule. All @-b I q.ent crderirg he will be u-.,a:e r- P2's

U - *_-.m 5on this tipic are mpliated by the

l, -, ar data are',er, ticr~s d-fired and procerped crcord, even if the 3 is n la':r a aan

_ .u-e'.d £ s-e mduea. ar.d a system "slaved" to that t. .'F a tte

trolitioa. wirn ving appro:.h tm n Cn he

:r a :tIve F r:O, to-o T,. h.-an to rt.na'ter where t::r : ; '-d (;-.-t

as he or L'he must search for or . -:e an
'r a spin we r I~ -rbe few C' .wn -Jhr eIn i-ortant slip of rpi;er tr Im a r*';, ).

. .*. 'a!on f at'.res that have been pr Fpaed by Third. the work to rearrar,;c t.e t-r.: ia to I: ng

"'rm, 4-d d:ac .jo their terits in er's of the thore of r crent ar'm-..it 'Ye "tcp"

* ".';'. *a m~le In tho ',Pl;r of the :r:vi. ('e f;grtor.) '.,'I ; - * cr.

LM



HNp r, ;y dLt :mlrtd by hw the u-er wy eter cita to t.e/ tiht r -it ;- .o c - . f'-r t tht -. - -r

[C 1! a to t,'? I , :.n. ~ E% re t, e
e' ./ 1 e t. -,,:aI in -ay 1 > '!V, it - a l

D , (' :.be P.2., to .j.rio ze e.,irc. ) t a a!l:w c n y - e

j I'.~o tr e to teari fo:r 2ktp? to TL t'.e
, I .±it r. C :7e to te Ep&vZted fo C9 well -:!re
ri;-oe set.

Even as the set of different protczcls for
-wan-ma:hire irter tions grcwa, a:me tLsic prohlem
revain to Ie studied:

rFigure 3
r- at in the relatiocship between e data re..Ired

t h wi->.:wa - :ar t e r r, o r ma:.n e a d tre -o t co to te

-- r -- t-r.; ; -: th • s# of :' I&;; t ng
•-::,; tey m'maly a;e aot c~fired in the V,;.a'iC - What to tt.e re:at:7.Ehip tetween a '.E,ay f:rat,

A- ;.%nt 'a'& ta"b(). T.e wcrk of detecting 'or ex;a1; e, ard the I pl:ed ;rct :sl to te Eed?

k. ;.t a :r or , r ferr Ing the c,-;rertly , ..rtirent
t 7:r. ;.eventing the ccrei;-n:ing d!5p:ay-control - What are the tehavioral and oFeratio nal c-ndi'ior.e
wor: a, ! m *ot"a' 'm ' e.ning to ice an r.ezenary
is zarried out by the Attention ?.zoitor a Dynamic which sug;est when there shoufd be many or few

. s .a;rwm nt w:_ulea. We have antii;ated the protocols for the user to choose from?

;.:*: e:t but not yet implemented & facility that

v 7 .d allow the h.wan to override th se modules' In.erctive 1aruaQ_
.,"a1O-3; after alt, ainoe hu~aoa can .ave errora inarfther' dal.lasic prioritiem. the CI can be Tere has een much recent work on the use of formal

a7,-:ted o daraic prioit ie , the boeca tb g:amrs as the sFecification larg;age for tb.e
o v t e ut take castakesto.rhe o fits p:otcols of human-machine interface (Reiener 112];of havng the c:vputer take care of the a:ob 7; Bl~ radFlyC1,addsueo•of

*a:s~r<..8-ativo* details of keeping information at the J~o (7; leiier and Foley (2)), and d:9ZuE9Ions o
.rrtiv outetigh teoccasionfoal ionlays that the relative merit of d:fferent, but formallyu r's f~';ertpa outweigh the occasiornal delay. that equivalent rpreentationu (Jacob C6).

- will be introdjced when the uaer must repeat (or

e-71iritly state) that a particular topic in required F,,isner has argued for and de'onstrated the predictive
1.1 !lately. iportance of specifying the cqor:tive operations
Tre %-at co-snly u r-:-d forms of hL=.-ccmpjter (e.g., w-v:ry search) along with the ctservable actions
.:: m have tzen en- form f ro-filling, (e.g., button preasea) required to perform scie
::nd l hUages and, more r cl:to nt I y, llted finction. Thia modelling of cognitive cperations in

..ra~* : -,n ;.uage. Clearly, th,- is not a c-plete t e ar.alsis of humar-ccrputer interaction has teen
"a.t of Ctl"nos. For hxo-,le nor ra..le da &elcpod ore fully and described !y Card, et al.l: o c~~o•, or x ?l, s~:ifying a point cn a [4} thoar "Model Human Processor" as defined by
di3; ay 9::een in ne itt.,er fcas-f1111ng nor r atur al () Ir'oe ua rcso ndfndb

pra-2tere of h.man information proceec:ng which have
a;e, although grap hic ranipullstl:,-.9 may te similar t a, en discovered through basic resear:h. These models

to ratulrm larg.a;e in certain formal rea;ezts. We are extremely ukimful in assesing alternative protocol
.:uld also argue that it im not aenr-ePlectlon. dca:gn for vell defined tanke such as text-editing;

altho..;h at could be f m~lb-d as a "pick I-of-n however, they do not capture many homan capabilities
pl:~Ks er even on very LZw d:L-rited in the preceding eections.

*--'..,r. d: playv it is do.btful that the I.Zan

- al e i- 1lzes the P,:tles as a w .- letion For-al descriptions of the 'user-c:cputer interface'
s.:att.on, have included the specification of semantic, syntactic,

and lexical levels.
Ern in tlie c.9e of an rput he:ng clearly

-I*- -.r:I:le ir.to (re of ttJe f-".r as. all ;ti T.e F ntic level Di cijfis the aCti:.. to be .L.ecuted
of *.re I 4e type do not .olve i oral '.-n ty the oL-;:oter upon receipt of par* cular c-w'sndo,

C;:t.a o ,, e h 7.ll vm~O a:e all uo eep fpr~ua ~'ns:a!,. s. For tr he , ' ,. nt of the form in which tne coamnds were
" o ,-" u :,'-d ty the u. -r.

.'...-a,.r.g I-of-n gra;txc Ltm>e, c;,- cyr taotac '-vel r.cr s qent;al cco:.tra:nts on

S.-.-f-n a I an ic pti-, " ,ra" (or tokens) which, when satiefed, niquely
F -,r I -1-rn t w.,n a It,; ' ;10 r r fine a c.itos a:tion. The idea is tat a 'word' can

PI ~ ~ ~ ~ ~ ~ ~ ~ a' t 7plyalr t.r, n 1 e tla-,n c-.L interpretation. bhz-d on the Zontext7 ; I F - f -n : t re f . w ';e ttero fu V rin L ct it a, :are a a:1ecl %er, a 3eq-'.E , e of vTdo (a
-a- rbe I; t.o e a.e -rr' -d by a ;:e o a "-r.t o:e') way have an Interp:e*atlon t 3ed on

; -. n:n a f %it hive prece d it.

. "e 9;oem rs , te gronti'e pro' , The lexeltol lcvel d:ior ~b'i the devicca-;.:ific
4** *.p :,-; .e ir.. d an te f:hr :n, , tlon of the *words * at the rfebe. it

P . . S- j I Ct.. .drfer. 1f f(!r? te d-:-r aption of r:,phic e.L-. :7 t, t, eAr
[ oition on a e! eplay ezren, t Pir oo'or, etc. ; the

T -at .rc f tc :rf-:,a' n to r. c r:z. -_ atPd places r alatlon of ir.put devicsr (e.g., -;. e, k vyhard)

"- ra. e a. cm- .' t 7ar. Le u7c d; for to fCra input to era; the v .Z.a 1: ary of a :ocr nd

era;le., Ur rvsor. e eet for an ,-try may te to-o large ,r PC;e.
to 0 -e -.j P fZrtaI,,n f r . ble. T ' way in which

ta @ !.t*-7 ej fly :4,ly .,at ;:-t>.ol ;t:)1 m ws y .'11 e we u*h-st'd hlm -;, .: :h t fzo~ala taon,
A-, a ,oy e.e. -- lne .oam I n rta;a on

! t'er r row , tte ci . e i-! : ,. _ : at :u rt al." a ..

... r~~~~~. w' -:7 pI 9.t p t c taC



A f call L:- fi atizn within the c ntext of CrI a-st for the calculation to be e Y tPd. Am:;g the

.e l ai:able ri;- rtt1tn f)r the a te rit e v:.x-..a that c:i1 t e :I, I
a c, t Ic;u:t J. r t:k. Ths, in i'. f,

* s r -t nt s w:-D.a l tI as f or t K:2 fO;a51 (1) Te uer%,z z~rloct C-.e c;~ i.o-r !c:1, 1 y ,re
- a. e dlfflrUlty --A in S T C I" .f±n o; rand and the Eente e s e :a : e .

: -.it -s !)r the a.:2:ic; of a VFrticular prctocol
.:th £ 7rt: 1 ar re;:w: tat Icn. The state u;on which

t'e eect de;ers a tit inzlu~e other active taail l

.It~ t :e. the virtual devica) CFI
t ey .se. Tnls Conf1;uratizn of ative tasks dperds, L _

in turn. on the e?;'.en:e in which the tacks were
a:*:=atel, their pr:crlties, the array of

r c.tat:rs a a i.e to each of the tasks, and
i -: w:tf atwen tsk for the particular devices

r~.e t:- c ir z.a a rrv-c %tt ,:n. A t Sre
nt a* sto f1cit n will iniclude a

cf tl.e r; .8:a L:r.ption will not c71'y F:;ure 4
:fe-t b';tic att-.- tea (e.g., the traditl:n'l

:;.Wce" -I ,y rtf), -.t wil provide a dyramic

i-&a.mnt of a _ar'n ;_. ffsrsar)e at a particular tUse
3r; a ;artizr:ar day. 7 :Ee states are considerably
,-re c:,xTex than thc:e d-::rited by previous research. (C)
At this pcint we do not krow if formal grammars are

a;ipcpr~ate predictive, analytic, or descriptive tools
for re;:ezartirg the nI system.

F=c.etat4:rg at the Interface

In this section we briefly describe some of the ia) fix), 9() f CNPL' i'xs STA'fE
p:7t:esa to be sclved in the explicit representation of ;f.. ,', HIP

.reforation. We viii restrict this discussion to ( fix).fly),fizi g. PRJ(C'. DOS1TIO.

interactive display screens; a more general treatment I% IV"E"T[S
woild in:lude such thin;. as keyboard and voice entry 10 f(q(x1)
3nd voice reiponse. We will not be concerned here with
spezific device technologies. Figure 5

It has tcen argued that e:ftware programrable controls (2) The user must select one operator followed by one
,!-;ld :t.h lock and be o;prable like the hard-control or more operand@. The senteroe in complete when
:cJ-te:;~rtI they are replacing (WKakatani and Rohrlich operand selection is ended (b).
till). The limitation to this approach is that there
are many n~w prcze~ses that have no hard-control (3) The user may select one or acre operators before

~e~ , Irs; it is not clear that an interactive selecting a single operand. 7ie interpretation of
.an;ua;e designed to acc:.3rodate all dialogues within a successive, contiguous selectic of operators is a
rew system will allow the incorporation of the composition function (c).
hard-control analoguee.

(4) The user may select one or more operators (as in 3)
The data on an interactive diaplay screen (i.e.. one followed by one or more operands (as in 2). The
t'at &-:ates bith display and contiol functions) must interpretation is a composition function applied to

not only r..-ivey the inforration of a topic, but must multiple objects (case not shcwn).
algo cc%9u-.icate protocol rules and the current state
cf the system. The calculated results of the four syntaxes will be

different (provided, of course, that multiple operators
.r i in the C-NI we uSe the convention that and/or operands are chosen when the option .s

- t. :r ;iled vey -jate on-off (mare asl-.bls). Asase they are a!. meaningful to s:':e

a:, 7y, itary atate) f-*,'--m and this coding is system. Do we design the task and the display e.reen
d ~ .'-tly (c.- F<i1r a'd Foley (2); Fakatani to allow any of the four syntactizal structures to be
-trLcr.(11). We o.-i;i.ally coed the off-state ued (as opposed to designing four rzparate t-eks, each

o a -'e: lne, the on-atite as a eclid line (see ccrresponding to one of the s'-taxs)? How are the
r:-.rs 4-a;. Aa it t orr.,d cut, t.e two states were not oinrtacticsl constraints made apparent in the visual
.... ..: .....we. We have since char;ed the f itures of the interactive d:3olaO?
'':e Ac - - ticn to t~at sE.own in rig.re 4-b: the

.ste:s d:ffcntiated frcm the off-state by the S.;psae we have designed a ta e using the ' r- eat
MMf a ,hid rat roos the top of the key. So, 5,tax: one operator followed by c cperand (1). In
* '-!ff f : t:on is :r2lied by the shape of the key, the exaeple ahown in Figure 6-a. "-ELP" and "A-DUT

ed is state is indlicated by the presence or abeerce are operator@, 'A,* "B," IC.* and "D" are o; r nds.
*f a tar. CT-ratorI are coded as circles. The user dez:d-a to

ask for help (i.e., 'picks' the HE-' key); this ,cves
7'e - ate Vey vyr~le Is fairly simple. the task into the state where an c;-rator is active and

r t"e fu-ctocra1 p: p'.rtis of the ce:ation an operand must be selected.
' x; in F,;ure 5. F. re we have a date

tesk wvre a - -r say r-4 at the d:atance In Figure 6-b, the following state infzc-t!:;n in

*ws!% P-,' 'btect (e.g., a ta;;Pt cr Iasd ass) and present:
.I " ,;.p" ' -;.;ator "'fl a J/or the pro3ected

. .f the 'H',ct in ".e ,iJtrs --- raor g). ")ELP* is active (ind::atel by f i:lled q.a:e to

a a t fl .:7 fy t-t . "e _ t : .nd t . :; :a-d the lover ri;ht of 'he key).
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Appondix 7.3

Demonstration Photographs

Figure 2: 7 n-ginnfing display L roon of dor -nstration.
Fig'ura 4: Dis~play of fri?ridly units.
Figure 5: Dizplay of DIVAD fire units.
Figure 6: Eattlafield situation display.
Figure 7: Unit zymbology using geometric shape coding.
Figure 8: User prompt to select battlefield area for INSFECTion.
Figure 9n: Auxiliary map display with geometric shape coding.
Figure TO: Auxiliary map display with stindard AD symbolo;y.
Figure 10a: Eeginning of update of friendly unit location.
Figure 10b: Completion of update of friendly unit location.
Figure 1.1: Display of Kill Report.
Figure 12: Display of Battlefield Geometry FLOT definition message.

* Figure 13: Display of Air Defense Warning.
Figure 14: AD status display following user acknowladgmant of mesoage

Figur 15:receipt.
Figur 15:Display of We'apon Control Order.

Figure 16: WCO status following user acknowledgment of mezzage
receipt.

Figure 17: Activation of COMPOSE ME-SSAGE function.
Figure 183a: Selection of addre':zed unit for MOVE ORDER.
Figure 18b: Subranu of A BTRY ancets.
Figure 18c: Selection of A BTRY weapons.
Figure 19a: Mlenu for selection of now location.
Figure 19b: Entry of LINE selection.
Figure 20a: User promnpt to select battlafield area for new position.
Figure 20b: High resolution display for point Ypecification.
Figure 20c: Designation of first point of line.
Figure 20d: User prompt for entry of second point of line definition.
Figure 21: Mission selection.
Figure 22: Time '-pcificat ion for rovaw mt Order.
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