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This report presents work which was performed under the

Army-Navy Instrumentation Program, a research and development program

directed by the United States Navy Office of Naval Research. Special

guidance is provided to the program from the Army Signal Corps, the

Office of Naval Research and the Bureau of Weapons through an organiza-

V- tion known as the Joint Instrumentation Working Group. The group is

currently composed of the following representatives:

U. S. Navy Office of Naval Research

- LCDR R.N. de Callies

U. S. Navy Bureau of Weapons
- CDR J. Perry

U. S. Army Office of the Chief Signal Officer

- Mr. W.C. Robinson

The paramount objective of the ANIP program is to simplify and

to improve the relationships between man (the operator) and the machine

he controls to provide the man-machine complex with all-visibility

operating capabilities.

The program under which this study was performed is coordinated by

the Electronics Department of Bell Helicopter Company, a Division of

Bell Aerospace Corporation, a Textron company, and operates under ANIP

Contract Nonr 1670(00). Bell Helicopter Company is desigiated as

industry coordinator to conduct the ANIP program with special reference

to flight vehicles with steep gradient capabilities (rotary wing, VTOL,

ground effect machines, etc.).

|



BELL HELICOTER c()NF-ANY

ABSTRACT

, The Army-Navy Instrumentation Program has taken as one of its

aims the investigation of displays which create certain identity re,

lationships with the real world of contact vision. Thus, in presenting

attitude information to enable a pilot to stabilize his aircraft in

roll, pitch and yaw an effort is made to develop an encoding technique

which is analagous, in a perceptual sense, to the view obtained of the

world under contact flying conditions.

It is evident that if these identities are to be preserved the

position of the display on the pilot's panel becomes a critical matter.

One aspect of any visual percept is its location in space. Location is,

of course, relative to the orientation of the perceiver's body, as well

as the position of other salient features in the perceptual field.

It was the purpose of the present study to determine if the posi-

tion of an attitude display with reference to the orientation of the

subject and the position of the control stick affected performance,

It was found that performance was adversely affected when the

display was rotationally offset 450 from a line passing through the

subject's body and the control stick, as compared to the condition

where the display was directly in front of the subject.

i iii



( BELL HELI(-cOP rE- (:O)NPANY

I.

TABLE OF CONTBNTS

Page

INTRODUCTI .. ..... ..

Subject. . . . • •. 3 • * * * * * * * * * * *

Apparatus o . ...... . . . . . . . . . 3

Pr-Test Procedure .. .. .. ... .. . . $

Test Procedure. . . . . . ... . . . . . *. 7

RESULTS . . . ................... . 10

Discussion ... .. ..... . . . . 12

RUFERIMCS ................ . . . . . 14

iv



E. BELL HELICOFTFRZ z(;ONii-ANY

I NTROVUCTIGN

The Army-Navy Instrumentation Program has taken as one of its aims

the investigation of displays which create certain identity relation-

ships with the real world of contact vision (2). Thus, in presenting

attitude information to enable a pilot to stabilize his aircraft in

roll, pitch and yaw an effort is made to develop an encoding technique

which is analagous, in a perceptual sense, to the view obtained of the

world under contact flying conditions.

It is evident that if these identities are to be preserved the

iposition of the display on the pilot's panel becomes a critical matter,

One aspect of any visual percept is its location in space. Location is,

of course, relative to the orientation of the perceiver's body, as well

as the position of other salient features in the perceptual field.

It should not be hastily concluded, however, that in order to

represent attitude in an analog sense, the display should necessarily

be spatially superimposed upon the terrestrial features represented.

As lcng as the display-control relationships are functionally equiva-

lent, it probably makes little difference whether there is absolute

spatial agreement or not. Moreover, even when this equivalence is not

obtained the human organism can often adapt itself to a variable

reference.

It was the purpose of the present study to determine if the posi-

tion of an attitude display with reference to the orientation of the

subject and the position of the control stick affected performance.

Two conditions of control movement were compared. In one treatment

the axis of the proper compensating control movement in roll was

I
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If~lm -- n t. Avi nfAq-.mn~~+ hi h

mounted between the subject and the display,

T" the qornnti treatment +he rnv~tvnl stick wn agoin " frn"ni'f

*Ihe asoh4.r* bin +bo Aienlev wa r^t,1irrna11v nFfqmd'* At + +hi r4vh+
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ing the' stickr to~ward the diinlay hf, had to learn tnr~ plth it aWv frn-!,

himself.
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Subjects

Twenty-four ROTC students from Texas Christian University served

as subjects in this experiment. All were volunteers and were paid for

their participation in the experiment. All were without flight train-

ing.

Apparatus

The equipment has been described in detail elsewhere (1, 3). The

subject sat in an 80 x 40 x 40 inch plywood enclosure. This small

room was completely darkened. On one wall of the enclosure was an

18 x 24 inch rectangular opening* Nine inches beyond this opening a

24 x 30 plastic translucent screen was mounted in a vertical position.

Since the screen was larger than the opening the effect generated was

that of a recess in the wall. On this screen, but on the side opposite

from the subject's position, the pictures of the displays were projected.

When a picture of the real world was projected on the screen, the effect

was similar to the view obtained by looking through the front windshield

of a moving aircraft.

Situated in the center of the enclosure was a pilot's seat and con-

tro' stick assembly. It was from this position that the subject viewed

the treatment window and controlled the orientation of the projected

picture.

The picture could move up and down (thus simulating pitch) or

rotate (simulating roll). By means of the control stick assembly the

subject effected the rate of displacement of the picture with respect

to these parameters of motion. A lateral movement of the stick would

3
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cause the picture to rotate about an axis perpendicular to the surface

of the screen. A leftward movemeiat of the stick eventuated in a clock-

wise rotation of the picture, while a rightward movement provided

counterclockwise rotation. A forward movement of the stick produced

&. upward translation of the picture, while an aft movement provided

downward movement. The rate of movement of the picture in any direction

was proportionate to the degree of displacement of the stick.

The picture was projected by means of a Beseler Master Vu-graph.

The film transparency holder had been modified such that, being servo

controlled by the analog computer, it could rotate (thereby projecting

movement in the roll axis), or move forward and backward (projecting

movement in pitch). Four by five inch film transparencies were used

to produce the picture.

The analog computer (Donner Model 3300) accepted signals from the

control stick and translated them into pitch and roll movements of the

film holder. In addition, the computer also received signals from a

cam-driven disturbance source. A separate disturbance was provided for

the roll and pitch channels. The cams rotated at I rpm; consequently,

the programmed disturbance repeated itself during each minute of testing.

The programs were selected as producing disturbances similar to those

encountered by a helicopter in turbulent air.

A temporal lag was introduced between the reception of signals

from the control stick and the computer action. These periods roughly

corresponded to the control lags for pitch and roll in a helicopter.

Error scores (moin-ntary error integrated through time) were ob-

tained for both control parameters. These were based upon absolute

errors, i.., accumu!ated irrspective of sign. In roll a momentary

i4
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clockwise error of a given magnitude would produce an equivalent abso-

lute error as a counterclockwise error of the sane magnitude. Similar-

ly, in pitch, "up" errors were accumulated with "down" errors. Brror

sources for pitch and roll were continuously enregistered on separate

single-channel Sanborn (Model 151) recorders.

In addition to errors an index of subject output was obtained.

When the input of the subject's response on the roll channel exceeded

a prescribed accelerative value, an automatic counter was energized.

Thus, in the course of testingthe frequency of such responses was

I J acctmulated. This gave a rough indication of the amount of work the

subject was doing to control for roll. A similar circuit and counter

was provided for the pitch channel.

Pour pictures or displays were used in connection with this experi-

ment. These are shown in Figure 1. The displays differed in stimulus

redundance and represented different ways of encoding earth and sky.

Display "A" was a monochromatic photograph of the real world with a

well-defined horizon. Display "B" was a converging grid line display

with the sky represented as blue and the earth as reddish brown. Dis-

play "C" was similar to 'I", except that the picture was achromatic.

Display I'D" showed the intersection of two perpendicular lines forming

a T. These displays were represented on the transparencies projected

on the translucent screen and, in effect, the subject "flew" these

pictures.

Pre-Test Procedure

All pre-test training was given with Display "A". A subject was

a;kei to enter the enclosure and to seat himself in the pilot's geat

5
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,Blue

\-Reddish Brown

Display A Display B

Display C Display D

Figure 1. Displays used in Experivent
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provided. Display "A" was placed in the film transparency holder, the

computer and disturbance signals were energized and the projector light

was turned on. The subject was shown how the display appearing on the

translucent screen would drift away fron "straight and level" due to

the action of the disturbance and the position of the stick. He was

then shown how to correct for drift by moving the control stick. He

was instructed to try to keep the display straight and level at all

times. Bach subject was given exactly 10 minutes practice trying to

hold Display "A" in the correct position. For any particular subject

the position of the pilot's seat and control stick assembly during pre-

testing did not vary from the position used later in testing.

Test Procedure

Bach subject was tested on three consecutive days. A day's test-

ing consisted of tracking (holding straight and level) ten minutes on

each of the four displays. Bach subject received a different order of

display presentation. The order of presentation did not change from

day to day for any given subject, however.

A five-minute rest period was given between each ten-minute track-

ing period.

For half of the subjects (Group 1) the orientation of the pilot's

seat and control stick assembly was such that the translucent window

appeared directly in front of the subject. In the case of this group

the axes of display movement were parallel to the axes of control

movement.

For the remaining subjects (Group I) the seat and stick assembly

fas rot A ,ntnteriflckwie 45 0 from the orientation enloved by

7
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provided. Display "A" was placed in the film transparency holder, the

cowputer and disturbance signalq were PrgioAi nrd th, projector light

was turned on. The subject was showni how the display appearing on the

translucent screen would drift away from "straight and level" due to

the action of the disturbance and the position of the stick. He was

then shown how to correct for drift by moving the control stick. He

was instructed to try to keep the display straight and level at all

times. Bach subject was given exactly 10 minutes practice trying to

hold Display "A" in the correct position. Por any particular subject

the position of the pilot's seat and control stick assembly during pre-

testing did not vary from the position used later in testing.

Test Procedure

Each subject was tested on three consecutive days. A day's test-

Ing zonsisted of tracking (holding straight ovd level) ten minutes on

each of the four displays. Each subject received a different order of

display presentazion. The order of presentatio, did not change from

day to day for any given subject, however.

A five-minute rest period was given between each ten-minute track-

ing period.

For half of the subjects (Group 1) the orientation of the pilot's

aca a d control stick ss~embly was sutrh that the translucent window

appeared directly in front of the subject. In the case of this group

1,1C axes Cf c!5payvp,t wore nqrillel tn tho aypq of control

movement.

For the remaining subjects (Group IT) the seat and stick assembly
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TABLE I

ORDER OF DISPLAY PRBSfiTATIG4__

SUBJECT Day 1 Day 2 -- Day 3
I AB8C D A8C D ADBC D

2 A C DB ACD B A CD B

I.3 A DIBC A DB CADBC

4 BAD C 8BA DC B A DC

5 B C AD BC AD BDCA D

Group1 B DC A BDDC A BDDCA

7 C A BD CADBD C AB D

a C B DA C B DA CIBD A

9 C DA B CVADB C DADB

10 DAC B D A CB D ACDB

11 D BA C D BAC D B AC

12 D CDBA D CDBA _DC 8A

13 A BD C ABD C A BD C

14 A CB D AC BD A C BD

15 A D CB AD CB A D CB

16BA CD BAC D B AC D

17 B C DA BC DA B C DA

Groupl 18 I DDA C BD AC 8 DA C

19 C AD B C ADB C AD B

20 C B AD CB AD C BA D

21 C DB A CD BA C DB A

22 D A BC DA BC D AB C

23 D B C A D B C A DB8C A

24 D C AB DCAB8 D C AB

19
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Two indices of performance were obtained an each of the pitch and

coil control channels, There were absolute error (momentary error

a&w1&li~d 11.Qg time, !rrftf-eta O~f Ai~rer4fn) anisubject outtmit
Lt; UU .. .....

For expository purposes absolute error is deslgnated as f fe! and sub--

Ject output by the symbol W.

Mean absolute errors in pitch for groups and displays are shown

in table II. The difference3 betweer displays ore small and without

sttisLic&1 significance. The differerre betveon groups favors Group I.

This difference is significant at the 99% level of confidence by the t

test$ as shown in Table 1i1. In this analysis display differences are

ignored.

Mean absolute errors in roll are given in Table IV. The largest

mean absolute error score occurred in the use of Display D. The differ-

ence is not significant, however. Between groups the difference again

favors Group 1. This difference is significant at the 95% level of con-

fidence by the t test as shown in Table III.

TABLE II, /1
MAN ABZCLUTE- .1,1,,P, 0T IN Pl'.T. OP rROVTP AY n)T'PTAY TRBATMhRNr

D IS PLAY

A B C D TOTAL
Group I 68.5 6190 60,5 71.0 65.25

Group II 90.5 84.2 86.0 89.3 87,50

Total 79.50 72.60 73.25 80,15 76,37

10
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TABLE III

SUMMARY OF t SCORES BETWEEN GROUPS FOR THE DEPENDENT VARIABLES

MEANS

Measurement Group I Group II -

J t -Pitch 65.3 87.,5 3.28

e -R011 34.8 62.8 2.30*

W -Pitch 46.3 42.8 1.70

W -Roll 39.5 37.5 0.87

991 level of confidence
* 95% level of confidence

TABLE IV

MAN ABSOLUTR RROR J Is I IN ROLL FOR GROUPS AND DISPLAY TREATMMNTS

DISPLAY

A B C D TOTAL
Group I 3-7.0 28.5 33.0 40.5 34.73

Group II 55.0 68.0 60,5 67.5 62.75

I Total 46.0 48,25 46.75 54,0 48.75

The means for frequency of accelerations exceeding a prescribed

value are shown in Table V for pitch. Again the differences due to dis-

play are small and without significance. By this method of measurement

Group II did not appear to work as hard as Group I. This may, in part,

account for the absolute error differences shown in Table II. It will

i 11
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be seen, however, from Table III that the difference between groups in

pitch for the W measurment was not significant.

The means for groups and displays on the W measurement in roll are

given in Table VI. None of the differences between displays or between

groups are large. In Table III the t test of the difference between

groups is shown but no significant differences were found.

TABLE V

MEAN PREQUENCY OF RESPONSES HAVING AN ACCELERATION IN RXCRSS OP A
PRESCRIBED VALUE (W) IN PITCH POR GROUPS AND DISPLAY TREATMENTS

DISPLAY

A B C D TOTAL

Group I 47.1 45.7 48.7 43.8 46,3

Group II 46.9 41,4 39.3 43.5 42.8

Total 47,0 43.5 44.0 43.6 44.5

TABLE VI

MEAN PREQUENCY OF RESPONSES HAVING AN ACCELERATION IN EXCESS OF A
PRESCRIBED VALUE (W) IN ROLL FOR GROUPS AND DISPLAY TREATMENTS

DISPLAY

A B C D TOTAL

Group I 36.4 40,2 39.8 41,6 39.5

Group II 37.0 33.3 39.6 37.9 37,5

Total 36.7 37.8 39.7 39.7 38.5

Discussion

The results strongly suggest that performance will be adversely af-

fected if the display of attitude is rotationally displaced with reference

to the position of the pilot and the control stick.

12
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It does not follow, however, that lateral or vertical displacement

I! (without rotational reorientation) of the display would have the same

jdebilitating effect since the directional relationship of display to

control would not be modified. Since there are many available positions

in the cockpit (between the pilot's legs, offset to the right or left)

which could prove more convenient locations than directly in front of

[the pilot, the effect of such displacement should be investigated.

i
The results of an experiment are reported in which subject perform-

ance as it relates to the position of the attitude display was evaluated.

It was found that performance was adversely affected when the display

was rotationally offset 450 from a line passing through the subject's

body and the control stick, as compared to the condition where the dis-

play was directly in front of the subject.

I1
i
1 13
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