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Abstract

In recent years there has been a significant
trend towards increasing complexity in the military
cockpit. This has been brought about largely as a
result of developments in weapon systems which de-
mand increasing participation on the part of the
pilot. Two factors have consequently resulted.

The first is the engineering difficulty of accommo-
dating the necessary equipment controls and dis-
plays within the contrained space of a cockpit.

The second results from this and relates to the
workload imposed on the pilot in attempting to
handle the system. The need has clearly arisen to
consider from a fundamental standpoint the capabil-
ities and limitations of the pilot and, with the
in mind, configure the cockpit to simultaneously
maximise pilot capability while keeping workload to
a minimum,

The paper commences with a review of
anthropometric urements and the major
which influence the geometrical const
cockpit. Statistical data will be presented rela-
ting the main physical measures. The problems of
interpreting and using the data in design terms
will be discussed. The major factors associated
with understanding the pilot is that of psychomo-
tive capability. This relates to the way in which
the pilot takes in information via his senses,
principally the eyes, and processes data to achieve
the necessary control Models of this
been developed in the varying degrees
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To demonstrate the
a cockpit environment,
future generation of military ockplts is de
ribed. This makes use of CRT keybeoards and
controls with data buses. Dynamic mockups of such
concepts have been built aad are described.
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The paper concludes with a discussion of some
the more important hanical aspects of the
which affect pilot/machine interface. The
the seat which for current high 'g' air-
use of tle reclined position. A des-
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blow open fhe canopy 11aed1atel\
prior to eJ . Finally the mocked up cockpit
conditioning tem specially designed to produce
low noise environment which also enables the dis=
play electronics to be cooled is described.
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I. Introduction

During the late 1960's, it was vecoming appar-
ent that the cockpits of existing military aircraft
were becoming unduly cluttered largely as a result
of the addition of new types of operational equip-
ment. This eguipment took the form of additional
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displays and associated controllers within the
cockpit and various sensors and EW units located
around the aircraft. The result of this develop-
ment was a considerable increase in pilot work
load coupled with a significant worsening in cock-
pit ergonomics. By way of example a current
Harrier G.R.3 cockpit has a large number of
ments and equipment controls are located where
possibls,
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The need to integrate many of the functions
previously handled by individaal instruments has
long been recognised and for this purpose, elec-
tronic displays have been adopted. The Sea Harrier
for example, see Figure 1, makes use of a single
CRT located on the right hand side of the instru-
ment panel and is primarily for display of the
radar picture. This sort of cock

it represents
the state of art of mixed instruments and elec-
tronic display

The next generation cockpit will attempt *to
SLJE“ bly improve the ergonomic aspects by

those

In this

techniques which can
considera-
greater u of elec-
only that information
pilet at the time to be
data to be located in

to the pilot's
field of view and, with appropriate formatting,
better presentation of information can also be
achieved.
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Significant changes have also recently taken
place in the control aspects of aircraft. The
advent of Active Control Systems with their com=
puterised control laws and lack of mechanical rods
eases significantly the problem of location of
controllers. The adoption of ministicks now



becomes a possibility. Additionally, the axis de-
coupling features introduced with manceuvre demand
systems together with the need for reduced control
activity on the part of the pilot significantly
lowers his workload.

The ever increasing manoeuvre performance of
modern aircraft imposes severe 'g' loading on the
pilot such that for the next generation fighter,
at low level, around 8 'g' can theoretically be
sustained for some minutes. To help the pilot tol-
erate such loading, there is interest in providing
him with various protective measures. These in-
clude a 'g' suit to support his limbs, positive
pressure breathing to sustain his lungs and possi-
bly a reclined seat to reduce the hydrostatic head
from the aorta to retina. The adoption of the last
measure can have significant effects on cockpit
layout and its implications will be discussed.

The overall consideration for cockpit design is
the human factor element. A considerable reduction
in piloting difficulty must be achieved with the
next generation fighter. As indicated, potential
techniques are available to achieve this but a
sensible overall engineering solution can only be
achieved with a systematic investigation of the
relevant piloting factors — some of the techaiques
used 1o evaluate the cockpit are desibed later.

II. Human Factors

The fundamental problem involved in laying out
a cockpit is the anthropometry of the range of po-
tential pilots together with his visual require-
ments. The large range of pilot sizes is usually
expressed as a percentage, such that a small man
may be described as 5 percentile and the large man
99 percentile., In practice, this description is
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Figure 2 Critical Anthropometric Variables
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inadequate since a pilot with say 5 percentile arm
length could have a 99 percentile leg length. The
major physical dimensions affecting cockpit design
are summarised in Figure 2. It is seen that diff-
erent combinations of dimensions are important for
differing aspects of cockpit design. For example,
the reclined seating posture places great emphasis
on the buttock to eye height and buttock to knee

length,

MIL-Standard Cockpit

Figure 3

External view is of major importance in the
design of a combat aircraft. There currently ex-
ists a MIL-Spec standard for defining this view
and Figure 3 summarises this. A practical cockpit
based on an evaluation of our own mock ups is
shown in Figure L. It is seen that generally the
majority of requirements can be met. Look angle
over the nose can be difficult to achieve with
reclined seat cockpits but tne approach adopted
in this mock up 2llows a 150 look angle to be
achieved., Rear view is limited usually by the
head box of the ejection seat provided that seat
reclination still permits the pilot to roll about
his shoulders. Other factors contributing to
obscuration include canopy arches, the position of
which must be carefully selected to avoid as much
as possible loss of target sighting in air combat,
and windscreen pillars which hamper air-ground
viewing. A way round the latter problem is the
adoption of cylindrical or conical sectioned
screens provided they can be kept clean and have
adequate bird strike resilience.

Within the cockpit the pilot must have a clear
view of all displays and instruments. In the for-
ward area i.e. in the near peripheral field of
view, every effort should be made to avoid controls
since these take up valuable real estate yet con-
tribute nothing to perception. Tne controls should
be positioned on the cockpit consoles within easy
reach of the hands and as visible as possible with-
in practical consiraints. Display switching should
be possible with the head up virtually all the time.



Confirmation of switching operations is achieved
on the displays themselves., In this way, there is
little danger of disorientation occurring from
viewing down in the cockpit.

In practice flying the aircraft involves the
pilot within the control loop using essentially
visual clues to control the dynamics of the air-

Figure L} Proposed Cockpit

craft. Resultant aircraft motion provides the
chianging visual inputs from which the pilot takes
corrective action. The workload imposed on the
pilot depends on the difficulty of the aircraft
dynamics themselves, the required accuracy of
tracking and the degree of pilot training. Tais
provides the primary flying task.

Additional tasks such as reaching for and oper-
ating controls form secondary tasks imposed on the
primary flying task. There is a body of experimen-
tal evidence to suppose that a pilot scans between
a number of tasks in a time sampled fashion in
order to optimise some criterion such as minimum
control error. Figure 5 shows this principle. The
desired sampling intervals are determined by the
task time varying properties. The time to com-
plete the task are dictated by the information con-
tent of the task i.e. the task difficulty.

By way of illustration, an experiment conducted
to determine reach times in a projected cockpit is
shown in Figure 6., This indicates how the left
hand console is subdivided into reach zones and
reach times recorded on a freeze frame video system
can be presented in a matrix form. Using Fitt's
expression for the index of difficulty which is
the logarithim to the base 2 of the ratio of reach
distance to the size of control, reach times can
be plotted, see Figure 7, as a function of the task
difficulty expressed in bits.

355

TASK
Tdi

Tsi

2
2
3 7
% N
% %

Tdi=DWELL TIME ON TASK i
Tsi = SAMPLING INTERVAL ON TASK i

9 Tdi
WORKLOAD INDEX=2— —
i=1 Tsi
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Figure 6 Cockpit Reach Times



The slope indicates a pilot data transmission
capability of around 9.3 bits/sec which compares
well with other similar experiments for full pre-
viewing task situation. For typical tracking
tasks where the pilot must react to inputs with no
preview, the effective filter bandwidth is in this
case halved and typical processing rates are as
expected around 5 bits/sec.
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Figure 7 Index of Movement Difficulty

A possible way to improve the operation of say
a communication system is to use the voice instead
of hand controls. In this way, the delays associa-
ted with 1imb motion can be reduced and hence time
is saved. BEguipment capable of recognising the
voice is now available. It can be trained to
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recognise a limited number of words (in our case 32)
For number insertion this is generally sufficient.
With equipment based on the prineiple shown in
Figure 8, a test was undertaken to determine the
errors incurred in inserting numerals 1 -~ 10, For
the results presented, Pigure 9, it is seen that
even in the laboratory environment, errors do occur.
Significant experimentation is needed to apply

this technique in a practical environment.
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Figure 9 Confugion Matiix
11T, Seating and Mechanical Aspects

The anthropometric studies discussed earlier
are closely related to the pilot's seating posture.
Interest recently has centred on the possible use
of reclined seats to improve the 'g' tolerance of.
pilots when flying future highly manoeuvrable com—
bat aircraft. The basic theory is that if the
aorta exit of the heart-can be raised closer to the
retina of the eye, 'g' tolerance increases since
the heart has to work less hard in maintaining ade-
quate blood circulation in the visual system *thus
reducing the likelihcod of black out. Although
pilots can sustain high 'g' for short periods of
time with 1little 111 effect, prolonged periocds at
8 'g' and above lead to significant cumulative fat<
igue. The adoption of a reclined posture together
with additional equipment such as an anti - 'g!'
sult and a positive-pregsure breathing system can
significantly reduce heart rate and hence fatigue.

Possible designs for reclined seats are shown
in Figure 10, Of these the simplest is the reclin-
ed fixed seat though no real 'g' benefit is gained
for practical reclination angles. Couch concepts
lead to difficult ejection problems. Of the vari-
able angle seats, the most attractive is the ar-
ticulated seat pan. A careful study of the factors
inyolved ended in a selection of seat back angle of
35°, a seat pan motion of 20° and a nominal 10° of
incidence. A practical design based on this con-
cept is shown in Figure 11. The basic seat rails
remain as for a standard seat. A new design seat
pan incorporating a pivoted shoulder hinge, links
on cach side to determine the correct’ angles and a
simple linear motion operating Jjack complete the
additional items.
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Figure 10 Comparison of Seat Designs
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Figure 11 High 'G' Cockpit Concepts

A fundamental question with such a seating
arrangement is the problem of escape., Figure 12
shows the sequence involved. If the seat is in
the conventional down position, then the ejection
is as for an existing seat., Pulling the ejection
handle first shatters the canopy by means of Min-
iature Detonating Cord, MDC. Of the order of 0.3
seconds later, the seat moves up the rails and the
pilot passes through the holed canopy. In the
case of the seat being in the reclined position
when the handle is pulled, the seat pan retracts
to the conventional position while the MDC is in

the process of shattering the canopy. With this
technique there is no additional delay introduced
oy this novel seating arrangement. A seat based

on this concept has undergone evaluation in a mock-
up cockpit and a further engineered seat is being
prepared for centrifuge trials.

~——NON ARTICULATED —

0.0 SEC  Ejection sequence initiation

ARTICGULATED

0.2SEC  M.D.C. Initiated & Seat repositioned if required

0.3SEC  Seat travel
Figure 12 Articulated Seat-Ejection Sequence

Additional mechanical aspects of the cockpit
include the canopy design, air conditioning and its
attendant noise. The trend in canopy design is
towards single piece cylindrical or conical screens
and one piece canopies. This is to improve all
round vision. In recent years attempts have been

‘made to use polycarbonate material which can be

formed into these shapes. Problems have occurred
however due to abrasions and bird strikes. MDC
effects on polycarbonate are as yet, a relatively
unresearched topic. The latest trend is towards
polycarbonate with acrylic laminates. Although
this may well solve the abrasion problem, shatter-
ing by MDC remains unresolved.

Techniques are now available which can signifi~-
cantly reduce cabin conditioning ncige in a cock-
pit. Previously, the air. outlet nozzles were des—-
igned in such a way that they acted almost like
organ pipes. Research in recent years has estab-
lished design principles which significantly re-
duce this effect, typically a 10 db noise reduction,
if these techniques can be accommodated in the
early design of the cockpit. In addition, this
cabin air can be used for the cooling of equipment
within the cockpit if the outlet nozzles are appro-
priately located near the coaming and exhaust
through the display areas, see Figure 13.
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Figure 13 Air Distribution System

IV. Cockpit Displays

It is the development of instrumentation in
the cockpit to match the additional operational
equipment fit which has led to the ergonomic crisis
of modern cockpits. As indicated earlier, the uses
of electronic displays can help largely overcome
this problem. At any one point during a mission,
with a conventional cockpit, a large amount of
redundant information is displayed. The adoption
of electronic displays allows information to be
structured into flight modes such as take off,
landing, cruise, air-to-air etc., In this way only
information relevant to that phase of flight is
presented. If other information should be requir-
ed, it can readily be called up via keyboard access.

A fundamental problem with this mode switching
concept is the need 1o ensure a continuity of
vital flight data on the display surfaces so that
the pilot can always be sure of finding such para-
meters as attitude, heading, speed on the same
display surface. Information presentation on the
displays should be such that the pilot can retain
flight control virtually head up all the time.
This is achieved by ensuring that after switching
operations on the consoles have been completed,
confirmatory signals on the display surfaces are
presented. Switeching is arranged such that it can
essentially be accomplished by feel alone. The
number of display surfaces is determined by sev-
eral constraints, the major ones being adequate
surface area to accommodate the desired formats
and sufficiently independent surfaces to provide
adequate integrity.

A current project cockpit undergoing evalua-
tion is shown in Figure 1L. This accommodates a
reclined seat of the type described earlier. The
cockpit size compares with that of the Harrier,

A comparison Petween this layout and that of the
Sea Harrier shown in Figure 1 shows the dramatic
change in concept which is being proposed. The

new cockpit makes use of an all electronic display
suite. The Head Up Display - HUD proposed is the
latest generation multi-element combiner. This is
extremely shallow in depth permitting a Head Level
Digplay — HLD to be installed contiguously. These
two displays are the main source of aircraft flight
information. The HLD is capable of displaying a
moving map picture on which can be superimpoged
o&~ numeric information. It also can display
cursive graphics and a conventional real time video

picture,

Figure 14 Advanced Cockpit

There are two knee well displays termed Multi-~
Purpose Displays - MDP1, MPD2 which generally
accommodate aircraft systems data, engine informa-
tion, navigation data and weapons' information. In
the event of a warning indicated by red or amber
warning lights on the coaming, the depression of
the illuminated switch yields pilots notes on the
MPD's. The pilot then systematically works
through the displayed instructions which are can-
celled as each subtask is completed. There are
two additional displays. The left hand instrument
panel accommodates a small attitude display with
additional height and speed information displayed.
This is to provide attitude data for the pilot
operating the keyboard i.e. essentially the only
time heis viewing inside the cockpit for more than
a few seconds. The right hand console display is
used for selection purposes by presenting various
selection options to the pilot. The information
presented on the main display surfaces is summar-
ised in Figure 15.

The flight controllers are located on the con-
soles. Because of the articulated seat, a centre
stick is almost ruled out, hence the side arm mini-
stick. The advent of Active Control Systems with
electrical comnectors from stick to flying surface
now makes this approach possible. The throtile,
again electrically connected, is located in its
normal position on the left console. Because of
this feature, it is smaller than the usuwal throttle
and fits neatly into the conscle design.

The adoption of a data bus concept permits con-
gsiderable improvement in the design of switch con-
soles., Significant integration of hand operations
is permitted due to computer sampling of switch
positions. This technigque reduces system access
time and hence workload. In principle the right
console accommodates switch on type operations
whereas the left hand looks after the inflight
switching operations. A typical display format
suite for a cruise condition is shown in Figure 16.

V. Conclusions

The paper has attempted to present the trend
in the design of future military cockpits. The
need to improve the cockpit from the ergonomic
design viewpoint has been identified and the use
of electronic displays to present and locate the
required information in a more ideal position has
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Figure 16 Cruise Mode Formats

been described.

The importance of high 'g' manoceuvring require-
ments on seat design is described and other mech-
anical aspects of the cockpit are discussed. These
include canopy design, ejection and conditioning
noise.

Display implications are discussed from the
point of view of presentation of display informa-
tion and control.

These new cockpit concepts are being studied
by a number of design groups. It is certain that
many of the techniques will be adopted on the next
generation combat aircraft. Which ones will de-
pend on the outcome of the current evaluation work.
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