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PREFACE

The use of artificial intelligence methods in an airborne
computer system can enhance flipht safety by reducing the
possibility of pilot error caused by inadeauate or misleading
information. The intellipent computer system would have the
ability to screen information for relevancy to the current
situation. The selection of information requires knouwledpe of
the context which may depend upon the phase of flight, the
condition of the aircraft, or external factors. The
phase-based context might be represented by seripts. The
condition-based and the external context can bhe represented by
a cause-effect net. Knowledpe of context will not only enabhle
priority resolution of information, hut also definlition of

foals for penerating plans to cope with abnorma sitnations.
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b INTRODUCTION

The essential attribute of an intelligent airborne
computer system will be its ability to provide information
whieh will help the pilot "stay ahead of the aircraft®. The
better the pilot can anticipate the future state of the
aireraft, the better he can make pood, safe decisions

conecerning the operation of the aircraft.

1.1 Motivation

This paper presents an analysis ¢f the functions of an
advanced airborne computer system which utilizes artificial
intellirence (Al) techniques. The airborne application was
selected because it represents a very specific and limited
domain, yet is still rich enough to provide a meaningful
application. Furthermore, there is potential for immediate

practical application.

The safe operation of a modern aircraft depends primarily
upon the pilot's performance. 1t is believed that the pilot's
performance can be improved and flight safety can be enhanced
by an advanced computer system that provides relevant
information to the pilot on 8 real-~time basis. The primary
objective is to prevent errors that are caused by the pilot
taking an improper course of action because of inadeauate or
misleading information. As aireraft become more reliable, the
corresponding experience level of pilots gFoes down because

fewer experience actual difficulties, It is8 not vncommon for




f pilots with several thousand hours of jet flving time to have
|

? never experienced an actual engine failure, At the same time
[ the increasing complexity of aircraft further appravates the
{ problem. Hence, it would be advantageous to utilize the

computer system knowledpe base to supplement the pilot's

experience. A reduction in peak workload would be heneficial

becauvse accidents are frequently associated with hiph workload

situations.

A survey by the Lockeed California Company [7] of %00
pilots resulted in the following criteria for an information
system.

{ 5 Information should help keep the pilot thinking

ghead of the current state aof the aircraft.

3

. Visuval displays are preferred for receiving
information and color is beneficial.

1. Displays should answer the following questions:
3 "How am T doing?2"
. "How well am T doing?"

. "What should 1 be doinp?®

To be compatible with the pilot, the computer system

should not increase the workload of the pilot, The compnter

system should act like an additional, hirhly=traoined

crewmember whose primary task is to assist the pilot. he

valuve of anv kind of sassistance is diminished if it increases

r- i
b
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the 1 excessive pilot inputs

recuiring

ilot's workload by

or

displaying extraneous information. A conventional h

approac

the airborne conmputer system mipht attempt to provide the

pilot with all related information i:z"x.n*_v‘j;w!.ol}- and let the

pilot decide what is relevant. This approach cause:

increase in the pilot's workload because he must examine all

of the data that the computer system presents to him. Farlie

1

information systems like the Hughes Mas Risplay

{10) and the Roeinpg Tnteprated Information Presentation

Control System (IIPACSY [1] did not o an:

attompt

data relevancy and suffered f information slut.

tor om

an

|
i

IThe A] approach to the prOhiem 1S Lo use the oomputer Lo

kw

data

i
i

sc¢reen the and present the information relevant

to the situation in order of priority. The scereening implies

8 priority structure which must be sensitive to the general
state or context of the aircraft and its environment. In
addition, the intellipent onboard computer should ease the

problem solving task of the pilot by providing necessary

procedural information. The cemputer svstem can furtbher

reduce the pilot's workload by executing tasks deleroted to

y A Other tasks could include automatic reaction to certain

emergency conditions. Farlier work in this area resulted in
comouter aided decision making svstem (CADM)Y [?] which
detected and corrected failures in electrical and tuel
systems., Detection was done by using data driven programs or
DFEMONS, A DEMON is a program that is activated when specific
data is received. The data could bhe sensor values, time, or

"




. &

e ———— e

any other type of data,

Il
i

Frror correction procedures were

generalized and operated upon a semantic net representation of

Ehe aivcraft. The CADM system used

a fixed stratepgy which was

not sensitive to changes in the fligkht environment. This lack

of context sensitivity reduced the effectiveness of the

system,

The Digital Avionics Informatic

y System (DATS) [9)

i

represents n significent step toward an advenced computer

system. The DAIS design

recofFnizes the importance of a fully inteprated

computer system in advanced aircraft,

different phases of flipht
appropriate Master Mode,

. and attempts to control pi
the pilot as a manager rat
the computer system.

»s

However, DAIS depends upon the pilo

and to make inputs which might not

complete context information were @

2 attempts to tailer computer operation to

by selectineg the

lot workload and treat
her than as & slave to

t to change the Master Mode
be necessary if mcore

vailable.

This paper will review two promising methods for

representing different types of con
seem to be three types of context.

phase~based context which is of a t

reflects how and when systems chang

of the flieght. A promising method

text information. There
OCne type of context is the
emporal nature. [t

e during different phases

of representine phase-based

context is the seript concept of Schank and Abelsor (161, The

scripts provide the normal backprou

md informetion for each




phase, as well as a mechanism for anti

the aircraf

of

Another type of countext is conditior

1s larpely aircraft and system dependent,

change for a aircraft. This would

on such items as fuel svstem management,
and backup svstems, the number of penerat
for the operation of the landing gear. 1

context would probably be best represente

net . The third tvpe of context is the ex

environmental context. This is larpely a

and may chanfe at any time. Some factors

external context include weather, aircraf

darkness, conflicting locatiaon &

traffic,

airfields, and > ipformati

y of

types

method for representing the latter two ty
utilize & cause=effect net similar to the
Algovichm (13, 1],

The basic components which an intell
should possess include a monitor, a plan
executive, and a knowlepge base. The know

common to all components. Control would

with the executive providing the hirh lev

monitor and plan penerator capable of per

independently. Fipure 1 depicts

components with a common bus for

s 1pe

the arrangement of

tinpg futvure

-based context, i

and 1t does not

include informetion

hydraulic redundoncey

ars, and sequencing
he condition-based

d by a cause-effect

ternal

or

ircraft independent

considered in the

t location, terrain,

f alternate

on. A potentie]

pes of context mieht

Common=-Sense

igent computer

penerator, an

ledre hase would be

semili=autonomous

be

el directives and th

forming its function

the

communications.

system

©




EXECHTIVE

Fipure

Organization

intelliFent computer

It is apparent that

undetected deviations

be hiphly reliable since

could be disasterous o

value of the computer

ippificantly
extensive

ecdundancy,

sel f«=testing, error correction,

operate in a depraded

fail praduelly rather

desirned

suddenly warning.
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The intellipent monitor would require several supportine
functions. The capabilities for the monitor should include

the following:

1. Verification of sensor output.
. DPDetection of deviations.

3. Diapgnosis of a common cause for related sensor
indications.

b,  Reporting diafgnosis to the executive for
priority resolution.

5. Automatic checklist presentation.

. Generation of a history of deviations and
significant events for later analysis.

7. Real-time response

&. Depraded mode operaticn

The basic seaquence of operations for the monitor should

probably follow the steps below.

1. Sensors provide direct information about the
state of the aircraft and its systems. A1)
significant measurable parameters are sensed.

2. The sensor readings are verified for lopical
consistency. Any sensor indication which is not
consistent is given a lower plausibility and 1is
so reported.

3 The verified sensor readings are compared
arainst a2 context sensitive model for agreement.

W, A dispnosis is made based upon the deviations to
determine if there is a probable common cause.

5. Any diapnosis and the supporting evidence
(sensor indications) are reported to the
cxecutive for relay to the pilot and recorded
for later analysis.




2+ Sensor Verification

Sensor verification is the process of establishing the
lopical consistency amonpg related sensors. The mature of LULbhe
consistency will depend upon the physical constraints of the
sensor beinpg checked.
>, 1.1  Exhaust pas temperature (EGT)

This is a primary iandication of thrust. A higher FEGT
will normally indicate & higher thrust. Related sensors are
ffuel Flow, RBPM. EPR (ratig of hturbine pressure ko inlet

pressure), air temperature, etc. Normally the fuel control

schedules fuel to the enpine based ppon throttle position, air

temperature, RPM, EGT, and compressor discharpe pressure.
Proper operation aof the fuel control depends wvpon correct
sonsar data. High FGT is normallvy associated with hiph fuel
flow, high EFR, and uwsually high RPM, If the FCT trend wore
to follow the other parameters, then the EGT sensor would
praobably be operating properly. If a chanpe in EGT were
reported without a corresponding chanpe in the related

parameters, then the EGT sensor would probeobly be in error,

o t.? Fuel guantity
The qoantity of Fuel within a particunlar tapk can be
checked hy transtferring known quantities of foel into or oul

of the tank being checked, Also, hecause the flow rate 18

usually known, it iz possible to inteprate to fuel {low over o

period of time to derive a value by which the gquantity should




chanpge. The indicated quantity of fuel

apainst the planned quantity from the f1

tivdiravlic Pressure
The hydrauvlic

the hydraulic pumps. Related sensors in

quantity, hydraulic pump rpm, fluid

accumul ator pressure. Sensors which dir

resultant action of hvdraulic

These would include flipht control surfa

indicators, ather

hvdraulically actuated

indicators.

2ol [nertial Platform

The verification of this type of se

because it is a reference standard. Whi

of an accelerometer can only be done by

resulting position information of the in

system can be directly checked by

Similarly, the attitude information can

checking the aircraft's flight character

if the aircraft is not wings

Piteh can be checked apainst anple of at

2.1.5 Angle of Attack/Pitot=static innpu

The relationship between the anygle

plitot-static data varies as a

independent

level , it will

function of the

would also be compared

ight plan.

pressure 18 a measure of fhe performance of

clude hvdraulic fluid

temperature, and

ectly report the

pressure are alsdo necessary.

ce position

mechanism position

nsor is a problem

le direct verification

using redundancy, the

ertial navipation
means.

bhe verified by
istics. For example,
tend to Lturt.
tack and airspeed,
&

of attack and

1“".“'\: Aot i“|v

e S )
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upon the aircraft: 13ft. drapg, weight. and thrust. Lift is a
function of aneple of attack, airspeed, and configuration.

Drap also depends on the same parameters. Thrust is simply
the effective thrust of the engines. Weight is the effective
welght of the aircraft (takes G-loading into account). 'he
angle of attack and the pitot-statie data can he correl ated
with additional data about the engine thrust, aircraft

acceleration, attitude, and aircraft weipght.

Petermination of Lthe Normal State

The normal state of a system mav depend upon the context
ot the alecralt. The phase-based context is often reflected
in the crew checklist where different modes are specificed for
different phases of flight. For example, during landing ond
takeoff the position of the landing pear should be down, bhut
during cruise, the position should be up and locked. Resides
confipuaration, other examples of systems where parameters are
sensitive to the phase of flight are pressurization, the fuel
system, and navigation. The intelligent computer svstem can
determine the normal state of some parameters by the use of
scripts. Flight plan information will also provide reference
information on planned fuel quantity, route of flight, cruise

speeds, etce, to monitor navipation.

Often the normal state or range of a system will vory

with the condition of the airaeratrt. For example if there has

been a generator mal function, then the normal state for the




penerator hus tie relay should be open. Similarly during the

transfer of fuel, the affected valves and pumps

and on, respectively.

Factors which are external to the aircra

weather or terrain may also have an affect up
state. Bad weather often calls for increased
In rusty winds or suspected wind-shear, it is
increase airspeed when maneuvering close to t

Braking on a wet runway will not provide the

f't

on

o

n

he

aSa

should be open

sauch as

the normal

safety marpins.

ormal to

Fround.

me doecelernt i\‘!‘

as a dry runway. A wet runway will have a considerable affect

upon V ] (eritical engine failure speed), whic
recommended procedures during the loss of an

s 1 0

2.3 Diagnosis ef Prohable Cause

h

on

may af fect the

rine on { akeoft

Oftern a malfunction will cause several sensors to

indicate a deviation. It is therefore essential to isolate

the cause from the symptoms. A simple exampl
with multiple sensor indications is an engine
by a malfunctioning fuel boost pump. Within
time, the monitor should detect fuel pressure

EGT low, EPR low, associated generator output

hydraulic pressure on the associated system.

o

r

a

1

O

A

of diapnosis
lameout coused
short span of
ow, RPM low,
ff, and low

conventional

system would provide the pilot with every sensor indication

and depend upon the pilot and his experience

data and draw the proper conclusion.

to

analyze the




The following method w diarnosis uses the cause-effect
net shown in figure 2. The cause-effect net would bhe
represented in the computer with directional links between the
nodes. Failure of the number 2 boost pump with the cross-feed »
valve closed, will cause fuel pressure to drop, which in turn
will retard fuel flow, which in turn will cause combustion to
cease, Combustion requires the simultaneous and continuous
existence of not only fuel flow, but also air flow and

ipnition. Without combustion, the enpgine will stop running,

which will cause the number 2 penerator and number 2 hydraulic

pump to fail. If the number 2 AC bus is hot because it is

receiving power from the number 1 generator, and the boost

pump switch is on, theh Lhere 18 an inconsistency seross the ,
<

number 2 boost pump node. That is, there is no fuel pressure, j

even thourh the pump has electrical power. This inconsistency 1

can be found from any point in the net that is affected bv the

inconsistency by backing up the links until the inconsistency

is found. The result of the diapgnosis would be presented with

a list of supporting indications or conseqgquences. This type

of information will particularly help less experienced pilots

cope with unusual situations.

S— e ——— == ;_J




AIR FLOW

i
HYDRAULIC
BUMPRUNKING /) 3@ N 5
4
THROTTLE-ON
No.2 AC No.2 B [
BUS HOT PUMP RUNNIN
CROSS-FEED
OPEN
BOOST PUMP No.l BOOST j
| SWITCH ON PUMP RUNNING
; fP-6028
i
f

Fipure 2 Cause-Effect Net
Rased on Rieper [13,10]
For Rasie Engine Operatlion




‘.U Automatic Checklist

The purpose of the checklist is to insure critical
actions are not forgotten. Human limitations necessitate that
the checklist procedures bhe brief and cover onlv the most
important items. Therefore, the omission of any item could
result in 2 hazardous condition. There are twc basic types of

checklist actions. One is monitoring and the other is

preparation. The former is well handled bv the basic monitor.

The latter implies more planning information.

The preparation for an anticipated maneuver (e.p.
loanding) may require several actions. The script can provide
information on what actions need to be taken to prepare for a
meneuver. The preparations include aircraft preparation such
as lowering the landing gear, but more importantly, pilot
preparation. The pilot would be positively notified that a
specific checklist for a portion of the flight had been
successfully completed. For example, prior Lo the approach to

o

landing the displey mipht appear as depicted in fipure 3.
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APPROACH TO FIELD CHECKLIST COMPLETED - MNORMAL

) B ILS RWY 25L to Los Angeles Intl

) APPROACH SPEED = 140 KTS

MINIMUMS: (200 - 1/2) Rt = 3720 MSL

ARANCE

VERIFY APPROACH AND LANDING CLE

Simulated Checklist Display

S,

Fipure

This kind of information, if presented at the proper
time, can help to keep the pilot ahead of the aircraft. In
order to provide this information at the proper time, it 1is
necessary to have flight plan and clearance information as
well as flight scripts to provide timing and synchronization
for the automatic checklist. It should be emphasized that the
information in figure 3 merely supports the Vertical Situation
Display (or the Heads-Up Display) and the Horizontal Situation
Display which are the primary sources of information during

]
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3. THE PLAN GFNERATOR

The objective of the plan generator is to provide
procedural information to permit the pilot to cope with
abnormal situations in the safest possible manner. This is
accomplished by providing the necessary information on a
timely basis. The normal seauence of operation for the plan
generator would start with a signal from the monitor
indicating an abnormal condition ard a diasnosis. The plan
generator would then provide a canned plan from its standard
repertoire or generate a new plan. The primarv reason for
canned plans is to assure minimum reacticon time to abnormal
conditions. A canned plan might result in the use of
automatic severity abatement procedures to further reduce

reaction time under certain well defined situvations.

The peneral guidelines for operation during an abnormal
situation applies to every situation in any type of aircraft.

These rules are as follows:

1. Maintain aircraft control.
This means that the priority of the problem
should not override the besic "safety of flight"
rules., Aircraft control should not be

sacraficed in an attempt to solve a problem.

2. Analyze the situation.
The pilot and the monitor must collectively

determine the cause of the problem.

e t—— J
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3. Take the proper action.

The plan penerator should come up with a
sequence of actions that will correct, or af
least ameliorate the situation. Fail ing that.
it mipght try to senerate a plan to cope with the

situation until a safe landing can bhe made.

4., Land as soon as conditions permit.

3l Automatic Severity Abatement Procedures (ASAP)

Certain situations become propgressively worse until
corrective actiom is taken. The purpose of ASAP is to utilize
the speed of the computer to limit damapge to the aircraft by
rapid response to time-critical situations by automatically
initiating corrective action. For safety reasons, the
computer would not initiate any action that was irreversible.

This would enable the pilot to override any ASAP action.

In the case of an engine fire, it is desirable to
minimize damage to the aircraft without increasing the hazard
to the crew and passenpgers. Shutting down the enpgine would
minimize damage to the ensine, but before doing so, the svstem
must verify that the thrust remaining after engine shutdown
will be sufficient to meintain a safe flight conditian. o
example, if a three enpine aircraft experiences an enginec fire
while flying at 10,000' MSL and the remaining two engines were
capable of maintaining the current flight condition, then ASAP

would sutometically shutdown the affected engine. In another

.




case, a two engine aircraft on final approach experiences an
engine fire. Here, if the remaining thrust on the pood engine
were not adequate to maintain a safe flight condition, the
engine would not be automatically shutdown by ASAP because
doing so could increase the actual hazard. The determination

Sl ~
Of 3 &

a safe flight condition requires a rapid check of the
thrust available, local terrain, and current flight
parameters. Generally, caution is necessary when at low
altitude, low airspeed, and with high dras configurations
associated with landing. The pilot would still receive a
warning about the fire and the applicable emergency procedure

text as shown in figure U,

NE FIRE (FMERGENCY PROCEDIIRE)
1. Throttle (NO. 2 engine) = RETARD (if conditions
permit)

2. (If fire continues) Throttle (NO. 2 engine) -
CUTOFF

3. Fire tiandle (NO. 2 engine) - PULI

4, Fire extinguisher (NO. 2 engine) - DISPENSE

Figure 4 Engine Fire Procedure Display




In the above emergency

B steps would be ASAI

prrevel

. 3.2 Generation of MNew Plans
[t would be unreasonable to assi
for all possible deviations could be
programmed ., r this reason the
possess the capability for generating
cenerators, planners, or problem-solvers
1nt two broad types There are the

whicl eek to find a general
class of prol This approach h
success, which is not surprising
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directly

ar

hough large set which can be controlled, either

indirectly, from the cockpit. Many actions, such
are precluded bhecause of inaccessibility of svstem

during flight. Hence, redundany is commeonly used

ien of aircraft systems which simplifies the problen

solving task. Another constraint is that many controls are
binarv - either a svstem or function is ON or OFF. In
addition, most of the interactions among the systems of the
aircraft have been studied in extreme detail and are well
mderstood. These considerations will faecilitate the ad hoe
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lier airborne computer system, CADM [3], which

e generation of actions Lo correet abnormal

was limited in certain respects. While CADM was
ve a large class of simulated mal funections, it wes
ve to changes in context during a normal flight.
ror correction procedure was developed by the use
stratepy. CADM assumed that the pilot was always
id not interact constructively with the pilot
plannineg stape. Hence, CADM could not utilize the
wledge of the aircraft and its systems., of

or of high level gosls. Finally, if CADMM fts5iled.

provide the pilot adequate information about the

failure.
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The presence of the pilot is also a consideration that
must be incorporated into the design of an intelligent
alirborne computer system. The pilot, with his experience and
training, can be a valuahbhle source of information durine
periods of abnormal operation. For example, the problem of
computer planning in incompletely specified domains 4] has
not really been solved. The pilot can provide hipgh level’™
guidance to minimize the possibility of the computer systemn
becoming side-tracked. Pilot inputs could be the
specification of goals, resolution of priority, resolution of
conflitting information, or the specification of current
limitations. While excessive pilot dependence is not
desirable, some interaction would be of mutual value to the
pilot and the computer system,.

The plan generator need not bhe able to =solve every

\
prohleﬁ'in minute detail. It should do an excellent job on
most situations, a reasonable job on most of the other jobs,
and fail only partially on the remaining few problems. The
concept of the use of a partial plan [5] emphasizes the need
for sufficiency rather than detail. It must be emphasized
that a partial plan which may not be adequate for computer
implementation, may be overly detailed for use by the pilot.
This is because the pilot has much hifher level thourht than
computer system. A partial plan may also permit additicnal
flexibility in a piven situation by allowing the pilot to
interpret the plan as necessary. For example, an instruction

to increase airspeed may be accomplished by a nepative chanye

o
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in vertical velocity, by increasing the enpine thrust, by
changing the confipuration, or any combination of the

wecedineg methods.
!

Partial plans concentrate on a local strategy to revise .
faulty plans at the fail point. This means that the part of
the plan that failed is analyzed to determine and:-correct the
cause of failure and that, at least temporarily, the rest of
the plan is preserved. This is usually more efficient than
Scraping an unsuccessful plan in s entirety. Furthermore,
the reuse of old partial plans can bhe used by the pilot to
evaluate the cause of the plan failure. The pilat or the plan
generator could call for a change in global strategy when

local stratepy chanpes appeared inadequate.

Once a plan is generated, its execution could be
simulated by using the cause-effect net, The simulation may
expose a fault in the plan or an undesirable side-effect. Jai
no unacceptable side-effects were detected and the plan had
the intended eoffect, then the plan could bhe implemented by the
pilot. A plan to restart an engine with a failed fuel bhoost
pump could be tested by using the net in fipure 2. The
simulation wonld follow the flow of cousality and determine if

the desired poal was attained. If the poal was not attained,
then the net would provide information about where the plan

failed by the inconsistency across a node mentioned above.

The simulation should increase the success rate os well as

confidence in the plat.




4., HE EXECUT IVE

The primary function of the executive is priority
resolution. The executive also controls the interface between
the pilot and the computer. It processes the pilot's commands
and directs the monitor and the plan generator, Or accesses
the knowledpe base. During depgraded mode operation, the
executive insures that the monitor and the plan penerator are
vperating on an accurate model of the aircraft. The
intelligent executive should also have the capability to

determine when a task is implicitly delegated to it by the

l\il\‘t’ <

.1 Priority Resolution

The problem is to take a massive amount of raw deta and
to process it in real time and produce relevant information in
a form which is readily usable. Most information need not be
presented to the pilot, unless specifically requested. Only
essential information should be provided automaticallv. This

will prevent an information glut.

A skilled pilot is able to stay ahead of his aircraft by

“apld interpretation ¢of his instruments. From practice, he

knows where to look and also what to expect to see. While

-~

onventional instrumentation lends itself to this type of
interpretation, multipurpose CRT displavs do not. The pilot
cannot look at a multipurpose display and know a priori what

will be there. [t could he enpine data, navigpation data, or




even emergency data. There are two distinct interpretations
that must be made, first, what the information is and then
second, what it means. If the handicap of the first
interpretation 1s to be offset, then the quality of the
information displayed must bhe very high. Clearly, there is
more to the probtlem than format and organization factors. The
next section is concerned with the content of the information
provided, If the content 1s not relevant, then ne amount of
formatting or structure will increase the value of the

information.

4.T-1 Priority by Conbtent

The priority of any information from the monitor may be
variable and depend upon the context of the current situation.
The criticality of the loss of cabin pressurization depends
upon the altitude of the aircraft. The loss of cabin
pressurization at high altitude may be caused by loss of
pneumatic pressure for air conditioning, cahin air outflow
valve stuck open, or loss of structiural inteprity. %A
clear that the loss of structural integrity of the cabin will
require a descent. However, in the case of loss of pneumatic
pressure, action other than a descent might restore cabin
pressurization. If the loss of cabin pressurization is caused
by a loss of pneumatic pressure due to an enpgine malfunction,
then the cabin pressure mipght be most quickly recovered by
correcting the enpine problem. In practice, the pilot would

probably initiate a descent while working on the engine. 1°¢




the same problem occurred abt low altitude, no pilot action
would be necessary and accordinply, the pressurization failure
wovld not warrant & high prigriby. On the other hand, some
warnings, such as an enpgine fire indication, should always
have high priority. Table 1 in section 5.1 shows how scripts

can bhe used to establish a tentative priority hievarchy.

.
The eriticality of a penerator mal function depends upon
the operation of the other generators and the enpines. Thi
failure of an engine results in the loss of its generator.
The loss of the second generator is always more critical than
the loss of the first. For most multi-engine aircraft, a
single penerator can supply all essential electrical power,
but all non-essential electrical equipment must be shutdown to
prevent overload and subsequent loss of the sinpgle generator.
The same reasoning is likely to be true of any system which

relies on redundancy for reliability.

An exomple of changing pricrities can be scen during the
normal takeoff sequence. Through the very early part of the
takeoff roll, any deviation may be reported because the
aireraft would be travelinpg slowly and would have sufficient
runway to ecasily stop. HHowever, during the critical phase of
takeoff (from about 50 knots vnkil after takeoff 15
completed), the executive should suppress anv information that
is not related to takeoff performonce parameters, such as
enpgine thrust, flipht control and flight hydraulics; smergency

electrical power, landing gear and brakes

s, and the inertial




reference system. The pilot should not be distracted with
pon=critical information during a critical phase of flight.
The information could be provided after the takeoff is
completed. Pesides, the outright suppression of data, any
data that is presented, is ordered in a priority ranking so
1|“Ji1 the pilot will receive the most critieal information
first. In the case of multiple emergencies, the syvstem would
be able to present up to four malfunctions or deviations at
once. This would permit the pilot to change the order of

priority as he mipht deem necessary.

Recause all hipgh workload or eritical phases of flipht
are not always the same, the aircrew should receive an
indication that a low priority deviation has bheen detected.
The indication could be temporarily ipnored with reasonahle
confidence, but if the pilot or another crew member couvld
afford the time, the suppressed information could bhe called up

faor display.

L S Priaority by Structure

The use of muliti=purpose displavs (MFD) has advantapes of
I I

flexibility, free formatting, color, and small sSpace
requirements, The primarv disadvantage is that it reauires
the pilot to make an additional interpretation. That 1s, the
pilot must first determine what he is lookinp at hefore he can

determine the meaning of the content, This 1is unlike a

conventional system where the pilot knows that by looking at a




he will see
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certain position,

As mentioned earlier, the

1)y

certain

content

of primary importance. However, the or
material is also worth commenting upon.
basic display layout to be somewhat as
the MPDs could be given an arbitrary ra
MPD-1 could be the display which always
information that is considered most imp

MPDh=2 have the mo s i

system, mifght next

The could !

pilot casily determine h ge sitnation by a
very rapid and compact scan. Supplemental information could
be provided on MPD=-3 and MPD=U.

The Vertical Situation Display (VSD) should include not
only attitude and pitot static information, but also engine
thrust and projected flight path information. The Head=llp
Display (HUD) should present the same information as the V&P
The primary difference would be the backpround apainst which
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visual scene out the front for the
background would be computer
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information which would be useful during takeoff weould include

1

an aircraft performance factor (scale of (O to 1.0 relative t«
optimal acceleration), distance to liftoff, distance to stop
(if takeoff is aborted), and runway remaining. Once safely
airborne, the script would chanpe and a new priority ranking
would come into efftect.

i

Mode Operation

. 2 Deyraded

The degraded mode operation is inherent with a cendition
sensitive monitoring system. Since the condition-based
context will affect the priority and action, a separate model
should not be necessary. A pood example of depraded mode
operation was given above for the failure of the second
generator. Tt reflects the monitors sensitivity to the

degraded mode model of the aircraft.

Besides changes in hendling systems, other chanpes are
probable in a degraded operation of the aircraft. l.ower
performance is common., The flight nlan must be reviewed and

necessary revisions made to reflect the depraded capabilities

of the aircraft. 1f an emergency landing is anticipated the

necessary preparations should be made. These might include

revised landing procedure, changing course to a closer

7]

airfield, conservation measures for fuel or other consumables,

or relaying the necessary information to the radar controller

for coordination.




Dynamic Task Allocation

The workload of the pilot is never const
intelligent onboard computer system should be
without having to be asked. An example mipht
land with an intermediate altitude restrictio
terrain. [f the piloet did not bBegin his leve
normal lead point, the computer system would

providing a

warning. I the pilot did not re
warniny, then the computer system would, afte
interval, engage the autopilot and cause the

off at the proper altitude. The pilot would
distinct opportunities to prevent or override
system. First, he could have started the lev
before the normal lead point and avoided the
he could have responded to the warning by sta
off, by specifying a change to the altitude c¢
computer, or simply commanding the comnuter t

The last response by the pilot would prevent

engaging the autopilot in an attempt to level
clearance altitude, but not from issuing a fu
nessage if necessary. Thirdly, the pilot cou
autopilot and resume normal control. This se
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Task allocation requires an extensive array of
information in order to be effective. The information would
include script and flight plan data on which to base the
nominal conditions as well as the current flieht clearance.

The condition of the aircraft must be known to determine what

limitations should be imposed upon the airecraft. For example,

an aircraft with an engine out would have performance
limitations such as turns into the failed enpine, lower rate
of climb and cruise altitude, and significantly reduced low

speed performance.
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0, THE KMNMOWLEDGE BASF

The basie functional entities share a common knowledge

base. The main elements of the knowledpe base will include
1 s Seripts
o Cause-effect nets
3 . Real-time data
&, Sensor data
h. Pata link
5.1 Seripts

Phase-based context information is characterized by its
routine neture. This type of information can be provided by
scripts. A seript is a "structure that describes an
appropriate sequence of events in a particular context" [16].
It is a mundane, stereotyped seauence for a well-known
sttuation. It can provide default information which will
expedite certain processes. In addition to information about
the present context, 1t can provide information about a future
context. For example, we normally anticipete that a descent
will follow the cruise and that a descent will precede a
landing. The following scripts provide a sample of the nature
of @ flight script. The bigh level script is guite vague.
Like a tree structure, the lower levels become increasingly

detailed. .

The entry conditions are not mandatory preconditions
which must be satisfied, but are ruides which indicote when

script should be entered. The transzitions indicates the

QI Nryme e



alternatives availahle. The transition script with the

closest matching entry conditions would be the likely ]
%
candidate for the followinpg script. For example, if during
script 4,.2.3, plide slaope, the selection of the next script _
would be either script #4.3, flare, or script 4.5, '
po-around/missed approach. The actual conditions of the
aircraft would determine which script should be selected. The
pilot would be able to override the computer selection of
SErIpt.
1

5.1.17 Top Level Flight Seript

¥ Preflight Operations

ol Flipht Flannhing ﬂ
.2 Preflight Checkout
+3 ~Faxi

e Takeoff

2ot lsimelp

2.2  Takeoff Roll
2.3 After Airborne
2.4 Departure

2.5 Aborted Takeoff

Y

“nroute

3.1 Climb
S.¢ Gruise
$.¢ Descent

anding

h,1 Approach to Field

t.2 Final Approach

+3 Flare

A Touehdown and Rollontd

.5 Go=around/Missed Approach

5. Postflight Operations

s AN T a1 K . A5 .55 St SR i o

S5t Taxid
5.¢ Postilight Checkout




']
5o Landit Seripd
. 4, Landing }
B \pproach to field

Yoo Glide

Entry conditions:  Seripk 3;
final approach fix altitude:
approach or landing at nearby

At or near

Want
airfield

to make an

. alecul ate course to final espproach fix.
6t approach procedures from flight plan.
omply with current clear DI

s Calculate optimal enerpgy profile.
ompensate for winds.

heck for minimum terrain l ear Ce .

Present information to pilot or :

<3 Monitor mavigation &g the final pproact
%
Normal transition: Seript 8.2,

\l1ternate transitions: eriot- B85, [aripkh .
al Approach

Entry conditions: Script 8.1: MNear the
final approach fix.

el Intercept the final approach course
inbound.

Insure landing system radio signal is

reliable,
Confirm landing clearance.
slope

plide sl Qpe .

landing configuratio
the plide and f

Intercept
Establish
Maintain

COUrse .,

slo pe

»

Maintain
attack.

recomnended approach

Mormal transition: Serinpt

Alternate EEY

transition: Ser

B .
inal

approach

angle of

PP —




1l

- 5

Flare

Entry conditions: Seript 4.2; Aireraft is
at the flare point.

4.,3.1 Decrease rate of descent.
U.,3.1 Decrease airspeed.
4.3.3 Maintain runway alignment.

Normal transistion: Script . 4.
Nliternate transition: Seript 4.5.

Touchdown and Rollout

Epiltrvicondiltions " Seript . 3= Aireraff on
the runway.

oo Gheck thrust at ddle
. u,2 lLower nosewheel to runway.

h.4.3 Begin braking as required.
Apply reverse thrust.
Extend spoilers.
Apply wheel brakes

i U Tairn of £ rltinwaly .
Mormal transition: Seript 5.
Alternate transitions: Seript 4.5, Secript

22 SCELRES 2L
Go=-Around/Missed Approach

Entry conditions: Scaript 4y Excessive
deviation of altitude, airspeed, course, or
plide slope; Want to execute a missed
approach.

h.5.1 Set throttle at takeoff power.

y.,5.2 Configure for go-around,
Set flaps for po-around.
Raise landing gear (if aircraft is climbing).

h.5.3 Follow missed approach instructions.
Climb to missed approach altitude.
Maintain missed approach course.

Mormel transition: Seript #.1.
Alternate transition: Seripft 2.




v« 1.3 Priority Changes During Different Scripts

The script can provide information about priorities s

3

8

that non-critical information may be temporarily suppressed.

For example, during takeoff and landing, where excess thrust

available is reduced and terrain eclearance is minimal, any

engine malfunction must be considered critical. Any delay

taking the proper action could result in the loss of the

R

divrcratlt. A similar malfunetion during eruise mightt not be as

critical because of the safety margin provided by being at

high altitude. However, during high altitude cruise, a 10

© o

of cabin pressurization is very serious and reauires immediate

action. The same prohlem during takeoff would not he

critical. The computer must be aware of changes in context

praovide maximum assistance to the aircrew, The relative
priority of certain situations may be determined in part !

the phase-based context. The script can provide a priorit

to

v

v

structure for common situations in the form of a list. The

basic areas of the list would be divided by the normal flight

operations information. For example, a list of priorities

landing might be something like the following list, Hote
during the cruise script, all deviations are of higher

priority than normal operations, whieh has heen sedt

arbitrarily to a priority of four.

for

thaot
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5.2 Cause-Effect leLs

The condition-based context reflects the state of the
aircraft and its systems. Previous examples of the condition
sensitivity were the failure of the second penerator, the
change in normal state during fuel transfer, and the engine
flame~out caused by the malfunctioning fuel boost nump. Part
of this information can be represented as a cause-effect net
=

as depicted in fipure 2, which utilizes a representation bhased

upon the Common-Sense Algorithm [13, 14]. This net ecan
provide cause-cffect relations between system components and
their respective states. I'tt ean also represent the
relationship among hipgh level systems. External or
environmental context is characterized by its relative
independence of the aircraft and phase of flight. The primary
factor is the weather. The representation of the external
context can also be represented in the form of a cause-effect
net. This net should be independent of the previously
discussed condition-based context relations because the

external context is likely fto chanpge gquite often.

Yets Real=Time Data

5:.%3.1 Sensor Data

An extensive network of sensors would be needed to
provide the monitor with the necessary data. The sensor

network would probably use distributed processors to increase

through=put . Al)l of the sensors ior a related system would be




1)

channeled through a preliminary processing stage which would
only forward data which was a change from the previous state
or if a certain interval of time had passed without a report.
This first stage processing would use a very low level model
to verify the sensor output. After the first stage of
processing, the data would po to a data acquisition unit whieh
would receive verified sensor data from the first stape
processors of related units. These data acquisition units
wounld use a hipgher level model apainst which to verify sensor
data. Here again, to reduce bus communications requirements,
processed data would not be forwarded, unless a chanpge were
detected or a certain interval of time had passed without a

reparit.

5«32 Deta Lirlk

The data link reduces the need for the pilot to feed
information to the computer system, while providing real-=time
information to the computer. The data link will provide
information that is not available from the onboard sensor
system or from the onboard knowledpre base. This would include
flipht clearance information for changes in tlight level,
speed, or routinp. Another important type of information that
would be available would be enroute and destination weather.
Other information mirht include detailed terrain elevations,
traffic, and alternate airfield data for the current flirght

sector.

g
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Puring emergencies, the data link would reduce the
communications reauirements for the aircrew and permit them to
concentrate on the actval problem because the computer system
could use the data link to advise pround control fecilities of

)
the status of the aircraft. If necessary, the data link could
be utilized to permit the pground-based computer to assume some

of the processing functions in case of an onboard computer

system mal function.

pa—




6. CONMCLUSTOM

I'he future use of airborne computer systems seems
certain. Sufficient emphasis must be placed upon insuring
that the design of future systems make maximum use of existing
technology. The concepts developed in the area of artificial
intelligence can have a profound impact on the capabilities of
advanced computer systems. In this thesis, it has been arpued
that an intelligent airborne computer system can cnhance
flight safety by reducing the pilot's workload by

e assuming the primary monitoring function and
thereby relieving the pilot of this tedious,
time-consuming, but simple task,
providing plans to assist the pillot cope with

abnormal situations as well as normal
operations,

—_—
.

prioritizinge information so as to not inundate
the pilot with information and especially
irrelevant information.

The intellipgenice of the computer system is based upon it:
sensitivity to context. The context information in the
knowledge base is based upon scripts and cause-effect nets.
The scripts provide context for each particular phase of
flight. The cause-effect nets provide context based upon the
condition of the aircraft and its environment. The
intellirFent airborne computer system frees the pilot of
trivial tasks to perform the high level management of the

aircraft.




I

oA

P

16,

LIST OF REFERENCES

Buchanan, B. G,, et al. “"Heuristic Dendral: A Propram
for Generating Exploratory Hypotheses in Organic
Chemistry", in Machine Intellicence 4, American

Flsevier Pub. New York, 1960, pp. 200-264,

Roeing Company, Military Airplane Systems Division,
Intepgrated Information Presentation and Control
System Study, Volume T and 11, Technical Report
AFFDL=-TR=70-79, August, 1970.

Chien, R. T., et al., Computer=pAided Decision=Making
for Elight Operations, 'l'v'c-hnivnl Report MNumber 3,
Report T-35, Coordinated Science Laboratory,
UIniversity of Illinois, Urbana, T[llinois, November,
196 .

Chien, R. T and S, Jd< Welissman, "Planning and
Execution in Incompletely Specified Environments",
Proceedings for the Pourth ITnternational Joint
Conference on ArEificial Intellipence, Thlisi, USSR,
September, 1975, pp. 849-127.
Davis, Panl R., Using and Re-using Partial Plans,
Ph.D. Thesis, Department of Flectrical Fnpineering,
University of Tllitois., Urbana, Illinols, Jdune, 1977.

Della Salle, L., W. Butler, and T. Newman, "Aerospace
Application of Microprocessors", HAECON '76 Record
TGO B e OSSN

Frink, . and R Gollender. "Euture Trends in
Aircraft Display/Control Systems", EASCON '76, 1676,
pp. 113A-J

General Electric Co. IntLeprated EFEnpine Instruament
System, Final Technical Report, December 1973.

HEGE, Be Mo and e N Bpexm, Y0rgital Avionics
informabion aysten Conbtroal and Displays

Arehii baecture!, NEAN paper Ti=1%1%. Procecdings of Lho
ALANA Hecond Dipital Avienics Systems Conference, lLos
Anpgeles, California, November, 1977.

Hughes Aircraft Company, Master Monitor Display
Study, Final Report, Contract NP 60«33=C=0138, HNaval
Air Development Center, January, 107U




3 {15 %

i

MeDonnell Douplas Corporation, DC-10 Flight Crew
Operating Manual.

olic Integration, MIT MAC-TR-47,

Moses, J. Symbolic
1976,

December,

Reiper, C. The Commonsense Alporithm as a Rasis for
Computer Models of ”mmn M-n'nrv, Inference, Relief

and \orto\tul] Languqve Comprehension, Technical

Report 373, Unlborslty of ¥aryland, Collepe Park,
Maryland, May, 1975

Reiper, C. "An Orfpanization of Knowledpe for Problem
Solving and Langnagse Comprehension", Artxflo Lal
Intelligence, 7(1976), pp. 89-127.

Ropelewski, R. "Head-lp Display Systems Fvaluated",
Avaition Week and ‘wp';_ 'l’ec“mxl(mv, Janwary 10, 1977,

MaGraw=Hill, Inc., New York, New York, pp. 70-7Q,

Schank, R. and R. Abelson, Scripts, Plans, Goals, and
Understanding = An Inquiry into Human Knowledpe
Structures, Lawrence Frlbaum Associates, Hillsdale,
tHew loréey, 1977

“hnrflil‘t‘o, b i (_piu_n_x_tor—}h‘:od Medical

Consultation: MYCIN, American Flsevier Pub., lew

York, 1976.




