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1 Abstracl

This paper describes a study on an application of
fuzzy syslem 1{o pilol support system for an
emergency condition of single-engine helicopler after
engine failure. Qur system named FIPSS contains two
fuzzy systems; one is a fuzzy sysiem to control a
helicopler in an unstable condition after engine
failure, and the olher is a fuzzy syslem to sel a
flight course for autorotative landing. We performed
flight simulation tests of a breadboard model of
FIPSS. and concluded thal fuzzy system is useful for
both aircrafl conirol and decision making. The
techniques used in FIPSS can be extended lo pilol
supporl system for normal flight conditicn. and a
system like FIPSS is expected lo be a pilel aid lo
enhance the helicopler operation.

2 Iniroduclion

Fuzzy system is cne of the experl syslem
techniques lo express lhe vagueness of words of
natural language for ulilizing human knowledge in a
compuler syslem. A fuzzy syslem has a sel of il..then
rules describing human knowledge or experiences in
natural anguage and a sel of membership funclions
describing vagueness of each word, and il can be
applied to system conlrol. decision making and so on
by executing some operalions like so called [fuzzy
inference. Utilization of human knowledge described
in natural language allows a compuler sysiem Lo
carry oul some aclions which could be done only by
human expert. e.g. lhe control of a cement kiln and

a glass plant., And in avionics field we can point a
feasibilily of a computer system which supports or
{akes the place of a pilot by ulilizing skilled pilot
knowledge described in a fuzzy system.

In our study, we designed. made and lesled a
breadboard model (BBM) of pilol support system
which incorporales fuzzy syslem techniques to
decrease the pilol workload in an autorolalive flight
afler engine failure. where helicopler is more
unstable than normal flight condition. After an
engine failure a helicopler pilol has tc do the
following dual actions al the same time . so he must
endure a high workload condition.

{) Control action to keep lhe rolor speed. which is
no longer regulated by lhe engine governor. and lo
recover the aircraft atlitude.

(ii) Search of a safe landing poini and decision

making lo creale a flighl course o reach the landing
poind.
Our pilel support syslem inlends 1o supporl these
aclions by botlh increasing the lime for decision
making and displaying some landing informalions, in
order lo improve the flight safely in an emergency
cendilion.

Before Lhe design of lhe BBM of FIPSS we made a
research on how lo support pilol effeclively, and
found thal the following two items are useful.

(i) Automalizalion of flight conlrel to increase lime
for decision making.

(i) Supporting decision making direclly by
execuling some parls of decision making process
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witlh a data base which includes skilled pilol
knowledge.
So. in our system named FUZZY INTELLIGENT PILOT
SUPPORT SYSTEM. FIPSS has (wo major {unclions
corresponding to the above ilems.

{i) Control funclion lo automatically eslablish a
stable aulorotative flight.

(i) Decision making support function which advises
a proper flight course o the pilot.
The BBM of FIPSS has also an automatic {light
funclion after engine failure by coupling above two
functions. The overview of FIPSS operalion is shown

in figure 1.
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3. _(nlline of fuzzy sysiem

Fuzzy system is one of the expert system based on
a lheory lo process the vagueness of nalural
language. In the followings. a flight control system
ol helicopter is laken for example lo explain fuzzy
system briefly.

In fuzzy control system, control laws are described

wilh linguistic rules thal include vague expressions.

And the rules are based on knowledge and
experiences of experls.  For iInstance. lhe rules
shown in fig. 2{a)} are parl of the rules for a
helicopler conlrol syslem. These if-then rules

describe know~how of pilots lo conlrol a helicopler.

RULE 1;
if PITCH_ANGLE ls POSITIVE_SMALL
and PITCH_RATE is POSITIVE_SMALL
then CONTROL_COMMAND is NEGATIVE _MIDDLE

If the npse is rising up gradually

and the pitch rate is upward and
small,

then the c¢yclic stick should be put
forward moderately.

RULE 2;
if PITCH_ANGLE is NEGATIVE MIDDLE
and PITCH_RATE is ALMOST_ZERO

then CONTROL_COMMAND is POSITIVE SMALL

RULE 3;
if PITCH_ANGLE is NEGATIVE_BIG
and PITCH_RATE is NEGATIVE_BIG

then CONTROL_COMMAND is POSITIVE_BIG

{(a) Example of fuzzy control rule

NEGITIVE_BIG  MEGATIVE SMML  ALUST Z8M  JusITIE Swel SUSiTnE BIc
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[
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{(b) Example of membership function

In Lhese rules lhe expression such as small’ or 'big’
should be noted.

These expressions are easy to understand for
mankind, bul lo process them in compuler syslem
the vagueness of lhe words 'small’ or 'big’ musl be
numerically  defined. Conveniionally.  binary
definilion based on irue or false has been used. eg.
"A number less lhan & is small”. However tlhere
comes the unnaturalpess that "4.99 is small bul 5.01
ts rol small”. In fuzzy theory, lhe degree of 'small’
can be defined so that il gels a value belween zero
and one where zero shows no degree of 'small. A
chart shown in fig. 2(b} is used for processing

vagueness of lhe words 'small’. 'big’. ‘middle’, and so
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on in close form o human feeling. This chart is
called "membership function” and il expresses lhe
relalionship belween words of natural language and
numerical value. With membership funclion a
computer system can generale control command by
processing linguistic rules. This process is called
fuzzy inference, and there are many methods of
fuzzy inference proposed now. but details of these
methods are not described in this paper.

Up lo this point fuzzy conirol sysiem has been
taken to explain fuzzy system. bul a fuzzy system
can be also applied to a system of decision makirg.

In a fuzzy conlrol system. the direction and
quaniity of steering command are decided from
present atlitude and rate of lhe helicopler.

On the other hand in case of decision making
system, a fuzzy system infers the best seleclion of
flight course from the aircraft siluation.

Knowledge and experiences of experls are neither
based on a mathemalical expression nor a numerical
value. The convenlional method of coalrol system
somefimes does nol work well because the poor
precisior of malhematical plant models. But fuzzy
system can be made nol depending much on
mathematical lechnique because it is described with
{he rules in natural linguistic expression. And lhe
rules of fuzzy syslem are easy {o undersiand and

design.

sl toscrinl] FIPSS
Figure 3 shows the block diagram of FIPSS. Roughly
speaking FIPSS consists of lwo subsystems i.e. the
control subsyslem which is a fuzzy controller and
the display subsyslem which is Lhe higher subsystem
of the conlrol subsysiem.
The display subsysiem has a map generalor and a
CRT display with a louch-panel sensor, which
disptays flighl informalions lo pilet and alse gels
pilot's input. I infers some flight courses lo support
pilot’s decisicn making afler an engine failure. Fijght

coﬁrse data generaled by the display subsysiem can
be linked lo the control subsyslem.

FULET INTELLIGEST PUST SUPIQT $¥sThy

The control subsystem having some functions
including the aulorolation entry funclion and the
aititude hoid funclion. detecls pilol’s control and
aircrafl state through the sensors. and controls the
aircraft corresponding o the selected conirol mode.

The funclions and operations of each subsystem

are ag f[oliows.

(i) Display subsystem

Afler a deleclion of engine failure the display
subsystem displays some peinls suilable for landing,
overlapped on a geographic map. When the pilot
selects and {ouches a poini where he wanls lo land
on lhe CRT display. the subsysiem recognizes lhe
peinl through lhe louch-panel sensor. Then Lhe
subsystem generales some courses lo fly lo lhe
sefecled  {anding poinl  avoiding  geographical
obstacies. The subsystem performs fuzzy inference
for each course to decide whelher the course is good
or bad for safe landing. Some significanl items which
musl be considered by pilel to decide Llhe {light
course are described in if.then rules Tfor Llhis

inference, and the conclusion of ihis inference is an



nondimensional parameler which shows the degree of
excellence of a flight course. Three courses which
marked the best inference conclusions are displayed
on the CRT. Now. the pilot can select a flight course
louching the CRT display. then the courses nol
selected by the pilot fade away. When the control

subsystem and the display subsyslem are coupled.

the data of the selected course will be linked {o the
control subsystem {o guide the aircrafl automatically
toward the landing point.

(i) Control subsystem

The control subsystem have some functions ie. an
attopilot function including SAS and attitude hold
for normal condition. an autorotation eniry funclion
for flight just after engine failure and an automatic
flight funclicn afler deciding the landing poinl and
the flighl course to reach there. The latler two
functions are engaged aulomalically depending on
the engine condilion or the flight phase. The
autorolation enlry function allows aulomatic
recovery just afler an engine fatlure. When an engine
failure is detecled. this function keeps the rolor
speed, slabilizes the aircrafl allitude and adjusts the
airspeed lo gel the minimum descending rale. When
the display subsystem and the control subsystem are
coupled. the aulomalic flighl function will be
engaged aulomatically after a sleady aulorolalion is
established. and it carries oul a fiight along the

selecled flight course taking lhe place of the pilol.

A Control suhsyslem of FIPSS

In this seclion. the conlrol subsystem .which gives
the pilol the time for the decision making by means
of releasing the pilol from the recovery aclion afler
engine failure, is discussed.

This control subsyslem provides the [oliowing
funclions.

(i) Stability augmentalion function not disturbing

pilol control.

(i) Autopitol function to hold altitude.attitude and
the airspeed in normal flight.

(ifiJAutorolation entry funclion with yaw control
and rotor RPM keeping after engine failure.

(iv} Speed hold function . Rotor RPM keeping
function and Attitude hold function in aulorotation.

(v) Turn coordination function.

(vi) Navigation function for automatic Right along
the course which is generaled by the display
subsysiem.

This subsystem has the following four pilot~
selectable modes to vary the share of Lhis subsystem
in the cockpit load.

(i} Direct{DRT) mode in which conlrol subsyslem
does nol take part at all.

(ii} Slabilily Augmeniation System(SAS) mode in
which only siabilily augmentation funclion is
engaged. This mode does nol have an autorotalion
entry function.

(iii)Fuzzy Autopilot(FAP) mode which has allitude
hold. atlitude hold and speed hold functions. And
this mode has the aulorolation entry function which
enables the helicopler Lo enler an autorolative flight
automatically.The pilol can coniro! ithe airspeed and
the angle of bank wilh the cyclic slick.

(iv) Fuzzy Navigalion(FNV}) mode in which the
funclion to lrace the course advised by the display
subsystem is added to the funclions of FAP mode
afler steady aulorolation is eslablished.

This subsystem performs most of these functions
using fuzzy conlrol.

Fuzzy control syslem is one of ihe experi syslems
for system control. The fealure of fuzzy control
system is the descriplion of lhe control law wilh
some if-1hen rules and membership funclions. As an
example of fuzzy control system, Lhe "Rate Control”
block of this subsystem is shown in figure 4.
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Figure 4. Rate conirel black

Il is easy lo make a simple rule set as shown in
figure 4. However. in order {o centrol the altilude or
the airspeed of & helicopler, many variables are
required for the antecedent(inpﬁt side) of the rule
so 1ihat the number of combination of

which direclly means the

base,
antecedent variables,
number of rules, increases explosively. Then the
design of a fuzzy control system becomes very
difficult or almost impossible.

in order to solve this problem. we have used the
method of the mullistep inference combining some
blocks of rule set which describes only a simple
function. as shown in figure 5.

Figure & shows the block diagram of the contrel
subsystem. The cores of this subsyslem is the path
of "Speed conirol Block"-"Allitude hold block"-"Rate
control block” and the block of "Collective pitch
controt block”.

“Speed control block” infers the reference value of
the attilude angle to hold the present speed in
normal flighi. Moreover, to oblain the airspeed for
the minimum descending rate . the reference value
of the attitude angle is inferred afler the engine
fatlure.

“"Atlitude hoid bleck” infers lhe reference value of
atlitude lhe attitude
generated by "Speed confrol block”.

"Rate Control block” the
command Lo follow the reference atlitude rate.

The function of the stability augmentalion . the
controf of the speed and the atlitude and an bank

angle held can be achieved through Lhis path.

rate to foliow reference

generales control
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Se Col h fasegral
ASOLS ective pitel L
control Block biai 3
ALT Nr rar EO Co axis
T2
\ o 4 *
QRT
Collective Actuator
piteh lever:  oss
. TAS
: ) T
f m%'ho\“a- Sensors TAS. 8. ¢ .P.Q.R ]PE
i Far 3
Control : J i R ;,I B
stick ! i i \ v
: i wRoll v]ﬁoi i
Speed Pitch Pitch
LuConvartor Contorl Attitude 5| Rate
Block Sf Control %—=] Conto!
Block Far Block
Mt i tude =
' Tar Reference ' Rate "
‘ 5 .y i Reference "
. —
N FHAV ern H
B i Sensors _>! coardinator i::..;’
isolay i .| Mavigation | i
Subsysten . “1 Control
Flight Bl ook o ¢
e Course F.F

datas

ntrol

,
T

D5 -5



On the other hand, "Collective Pitch Control block”
infers the quantity of the collective pilch command

to mainiain altitude in normal flight. Moreover. after ' Sa 100 LT 2000
engine failure, this block generates the command so
that the rotor RPH is maintained wilhin limilations.

The subsystem has the following blocks for other

-
43
wA [
[
w
[

7

i

functions. A

- “Navigation control block" which generales the _
guidance command lo fly along the course generated
by the display subsysiem. (a) Normal eruise;

« "Feedforward(FF) control block” which improves map and HSI
the response of the helicopter to the pilol input SEL
when the FAP funclions are working.

* "Stabilily augmentation syslem(SAS) control :IE:
block" which adjusls the outpul of fuzzy SAS control K 1650 ]
not to spoil the pilol control in SAS mode. o

In i subsystem, the time when the engine {orque - - - —=
is loe regarded as ihe occurrence of the engine M—]j [_eMER ] m]

(b} Engine failure 1;

failur: , .
reachable range and landing points

Thus. tn this subsystem each inference block is

designed as a funclion unit {o perform only a simple
funclion. and the subsyslem performs various
functions cascading them and/or connecling them
inner/outer-loops.

In lhis method, each inference blnck is so small

that adjustment of rules and membership functions

pos MR ay s
become easy. And lhe system design combining some (0 X [CTEER ([ &
functional unils has a benefit of facilitaling addilion (c) Engine fallure 2;

recommended flight courses

[3 4 5 I~

FRG 330 GRG 320
i T 1C . ST 05t

f Display Suhsysiem of FIPSS s (}/ 23**3\»\ >

and deietion of syslem functions.

Display subsyslem is an experl syslem which

provides the pilot with flight informalions aboul BTN (()()

landing points and flight courses in autorolation.

One of the analyses of pilol aclion on decision I#O Y] T AR Hl SO
making aboul the landing points and Llhe flight (d) Engine failure 3;

. selected flight course
courses 15 as follows;

{i} Jusl afler an engine failure a pilot looks for a

possible landing place. fignre 8  Farmal and sequence of display
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{if) Then he images a flight course to reach there,

and judges whether he can reach there or nol with

some paramelers including the dislance lo the point,

wind direclion and wind speed.

(iii)lf the judgement is "reachable”, he memorizes
it as one of alternatives of the flighl courses for
emergency landing.

(iv) He aiso looks for another landing point. images
a course to reach there and judges whether
reachable or not.

{v) After repealing such operalions in a litlle
while, the lime limit forces him o compromise. At
last he decides a landing point and a course lo
reach there.

The display subsystem models afler some parls of
such mental aclions which can be processed
systematically. i.e. above mentioned (i), (iii) and (iv).

The algorithm of the display subsysitem is as
follows.

(i} ~Just afler an engine failure the reachable
range is calculaled from the present allitude. the
descend rale. the wind direclion and the wind speed.

{ii) The points suitable for landing in the reachable
range are selected from ihe data base in lhe map
generalor.

(ii)Flight courses lo reach the selecled poinis are
generaled peometrically, and altitude margin for
each flight course al the landing point is calculaled
taking account of altitude loss caused by turns. And
the minimum dislance belween obslacles and the
course is calculaled from the digilal dala of
geographic map. A course which has a negalive value
of altitude margin and/or minimum distance is
eliminaled because il means impossibilily of reaching
and/or a collision with obslacle.

(iv} The remaining courses are evaluated with fuzzy
inference as follows,

{a)Mean value of distance from obstacles to the
course.

This is calculated from the calculated altitude on
the course and the elevation of the surface. The
larger this value is. the betler score of evalualion is.

(b)Length of the course.

i the course is too long. the uncerlainty of
reaching lhe landing poinl increases. And if the
course is loo short, the excessive aliitude margin
must be disposed. Therefore the course with the
moderate distance gets the best score of evalualion.

(c)Allitude margin al the landing point.

If the allilude margin is loo small, the course is
dangerous and the score of evalualion gets worse
remarkably. [f the altitude margin is loo large. the
excessive allilude margin musl be disposed the same
as (b). and the score of evaluation gels worse a little.

(d)The complexity of course shape.

The simpler ihe shape of lhe course is, the beller
score of evaluation is.

{e)Wind direction al the landing point.

In an aulorolalive landing headwind is desirable.
So the smaller angle between wind and the course at
the landing poini is. the betler score of evaluation is.

(v)The overali resull of lhe evaluation by [uzzy
inference is expressed with a value beiween zero and
one. The rank of course and landing poinl is
decided
according lo ihe value.

(vi)Then lhe display subsyslem displays the
reachable range and lhe landing poinls with their
ranks overlapped on a geographic map. The pilot
can select one of lhem through the louch-panel
senscr on the CRT display.

{vii)Afler the pilol selecls a landing poini. lhree
courses {o the landing poinl which have highef ranks
than lhe olhers are displayed with lheir ranks. If the
pilol selecls one of the courses. lhe courses nol

selecled fade away.
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As mentioned above. the display subsystem supporis
pilel’s decision making by displaying emergency
landing points and flight courses with their ranks

evalualed by fuzzy inference. If the display

subsystem and the control subsystem are coupled,

the flight course data generated by the display
subsystem is sent to the control subsystem and the
aircrafl is aulomatically guided toward the landing
point.
The formats for the display subsystem are shown in
fig.6.

7_Eyaluation of the BRM of FIPSS in flishl simulati
lests
Some pilot-in—the-loop flight simulation {ests

were performed to evaluate the effectiveness of FIPSS.
The BBM of FIPSS is connected to flight simuiator.

and sudden engine failure conditions were simulated.

(1) Test selup.

4 dome type simulator which provides a wide field
of view was used for the simulalion lests. because in
a sleep descending {light after engine failure a wide
downward view is required to provide the pilol with
realistic visyal cues. '

The helicopler cockpit equipped with the MFD for
FIPSS was installed into this simulalor. And, the BBM
of FIPSS and the simulator were connected with a
MIL-STD~1553B data bus.(figure.7} The pilot controls
are the convenlional type, ie. a cyclic stick. a
collective pitch lever and rudder pedals.

The helicopler model used in this simulalion is a
single engine and single roter helicopter of 3000-kg.

(2) Test procedure.

The Tflight simulalion lests were performed
according lo the following procedure,

(i) Normal cruise flighl al 30001t over Gifu area.

(ii) Sudden engine failure is applied wilh no cues
{o the pilot.

HIL-5TD-15333
Bats Bus
Dome Flight-simziator Display Unit
Generate HFD screen,
-infer 23 epargency
larding point.,
+Heke way-piont ]ist,

etc

Fuzzy contoller
»Autorotation-entry
¢ -Stanility sugmentation

-Auto-pilot
f ‘Ravigation

' Control commands

Tlight Dynamics
Comrpxrter

Figure 7. Tes! setup

In order to compare ihe effecl on the pilot
workload reduction by the conlrel subsystem. all the
four operation modes of FIPSS mentioned formerly
were tesled in the same lesl condilionand pilot
comments and time histories of aircrafl molion were
recorded.

And pilol comments on the following poinls were
collected for ihe qualilalive evaluations of tihe
display subsystem.

(i} Pilol workioad on lhe decision making for
autorotative flight course both in case of {light wilk
FIPSS informations and without FIPSS informations.

(i) Suilableness of the display including the
conlents of informalion and the display formal. for
the various envirenmenial condilions.

In addition lo lhe pilol comments. the pilot
operalions were recorded lo analyze the piiot

Jjudgment.

(3) Tesl resull.

Analyzing the time histories of the aircraft molion
and pilol control, and pilol commenls, the
performance of the BBM of FIPSS was evaluated.

The ilems to be evalualed are as follows,

(i} Performance of the control subsystem.

(it} Performance of the display subsyslem.
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(iii)Effect on the pilof workioad reduction.
Figure 8 shows a scene of the simulalion lest and
an example display of MFD.

Pigure 8. Flicht simulali

First of all. The aircraft control by a pilel angd the

aircraft contrel by fuzzy controller are compared.

Figure 9 shows the helicopler control by fuzzy
controller in case of engine failure at the airspeed of
10Ckt in 10ki crosswind.

As shewn in figure 9. the rotor RPM. which
decreases due to the engine failure, is recovered well
by the downward collective pitch lever operation. and
the yawing is suppressed by rudder pedals. Then the
airspeed of helicopter is decreased to pget a
minimum rate of descend. As tihe resull. the

helicopler establishes a sleady aulorotalion smoothly.

& comparison of fuzzy control and the pilol conlrol
are shown in table 1.
Fuzzy control spends as iwice as longer lime Lhan

the pilol controf o slabilize the rolor RPM. However.

the average flucluation of the rotor RPM by fuzzy
controller is 3% smaller Lhan thal by the pilol
operalion. Il took aboul 16 seconds for fuzzy conlrol
to stabilize the airspeed of the helicopler, and il is 6
seconds shorler than the pilot operation.

Engine Failure

4 .
(e — e e e e e
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Moreover, The attitude of the helicopter is stabilized
in about 9 seconds which is aboul half of the lime
by the pilot operation.

Thus, the conirol subsystem of FIPES can control a
helicopler equivalently to or better than a skilled
pilot.

Table 1 ¢ <on of the nilol_contral and FIPSS

{tens contoliee |Pilet & | Pilot 8 Average Furry
wode (4épilets) | coaterller
Tiae delar to stari T 1.4 2.9 1.4
recovery 0.9
{sec} S48 1.1 L3 1.3
Zotor #FN DT 7.3 1.1 2.5
recoverry Lias 8.0
(3ec) 548 6.3 14,3 9.0
Change of retor 284 734 103. 91 | 103, 90 103, 9
' 107, %2
[Hax. Kia} {£) SAS 162, 89 93, S0 fel, §¢
Settling Lime to (1131 5.7 17.5 2.
refeteass speed 15.8
(sec) S4s 26.4 15.4 0.4
Ecror of specd froa ol 5 He 48,10
ainisve-desenl-speed 1.5
{xt) S4s 10 *5 8.0
Yaving tecovery Liwe 9t 19.7 % 16.2
5.t
{sec) 845 2.3 .2 13.2
Change of Yav-rate (134 33.0 35.0 36.3%
a1
[ e} (deg/aec) 54§ na .0 3.0
Side-21ip recovery it 5.4 (19} 0.1
time 54
(1e¢) 548 [X] 9.3 §.1
Hér:kum 3lde-slip oar 15.0 6.0 4.0
angle 10.¢
{dex) FTH 12,3 .o 13.8

As for display subsystem. three highly ranked of
landing points inferred by fuzzy inference were
indicaled and identified on the MFD.

Table 2 shows the distribulion of the pilo! seleclion
of the landing poin! advised by the display
subsystem. In most cases. the pilot selecls the point
of lhe first rank or the second rank.

Thus. il has been shown lhal the display subsyslem
can perform equally adequale judgements fo those of
a skilled pilol.

Some notable remarks in the pilol comments are
as follows.

{i) The effectiveness of the display subsystem.

The analysis of the pilol commenls shows that all
the pilots preferred an aulorolalive flight with the
display subsystem more than thal withoul the
display function. Thus, it is shown lhal the display
subsysiem is very useful as an aid for pilot's decision
making in emergency autorotalion flight.

Table 2 Distribtion of pilal selecti

The L3t=cenking | The 2ad-ranking Below the Jrd-
landing piont fanding piont renking poinks Total
Wit 0RT 4403} $(50%) 10193) 10
Display
Unit §AS 8(40%) 80401} 3(200) 13
Fap 143} 6(651) 0(0%} 7
Fuy 2{50) 2(50%) QLax) 4
Tatal 13(36%) 19(53%) 4(11%) 35
Hithout Display A 431 LIghES 10143 1

Especially, the display of the reachable range and
the display of the landing points have a good
reputation, because these give the pilot strong
confidence in his judgmenti. In this simulalion {ests,
the best configuralion of FIPSS estimated by the
pilots is the combination of the display subsystem
and the control subsystem which is working in FAP
modes, because the aulorclalion entry funclion
provides the pilot with enough time 1o lock the
display .

(ii) The contents of display.

No pilol feels lhe lack of displayed informations.
The ilems to be improved requested by the pilot for
the display subsystem arc as follows.

(a) The course should be indicaled with a smoolh
and nol cranked curve,

(b) There is a tendency that loo much altitude
remains al the landing point.

(¢} In mot cases. the displayed courses do nol
much differ so that a pilol may be puzzled to select

one.
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The tolal evalualion result for the BBM of FIPSS
was generally excellent while some ilems fo be

improved for the display remain as mentioned above.

8 Concluding Remarks

In this study the effectiveness of a pilot support
system utilizing fuzzy system lechniques has been
demonsiraled, as follows.

(i} A fuzzy control system can control a helicopter
automalically in an emergency condition after engine
failure, which is one of the most critical flight
condition and requires a quick and precise pilol
control. The coniro} performance of a fuzzy
conireller is equivalen! to or in some cases betler
than that of a skilled pilol.

(i) In a pilot support syslem fuzzy system can be
applied nol only to aircrafl control bul alse to a

part of decision making process; in the BBM of FiPSS,

a fuzzy system eslimaled flight courses whether they
were good or bad for safe landing, and proper
conclusions were gol in most cases of the f{light
simulation lesis.

Fuzzy inference, which is the most imporlant
operalion in a fuzzy syslem. is relalively simple
lechnique, besides, i1 can be ulilized lor many
purposes including aircraft conirol and supporl of
decision making. Fuzzy syslem enables a compuler
syslem design which utilizes human experiences or
way of thinking. so thal the capabilily of a compuler
syslem will be enhanced inlo some fields where
convenlional techniques have no solution. We found a
feasibilily ol application of fuzzy syslem to avionics
field through this study.

Acknawledgement

This study was performed as a parl of “Research
on the development of fuzzy syslem and ils
exploitation for elucidalion of human and natural
phenomena” through Special Coordination Funds of
the Science and Technology Agency of the Japanese

Governmenl.

D& - 11



