
AD—AO ’4 4 102 AERONAUTICAL SY STEMS DIV WRIGHT—PATTERSON AFO 0+410 FIG j 7/t
PILOT RESPONSE TO A GROUND PROXIMITY WARN ING SYSTtM IN HIGHLY M—— ET C(u)
JUN 76 C J HYATT . F A KNIESS

UNCLASSIFIED ASD TR—76 5 NL

P_ 
_ _  

_

_  

I
~~~~



10 2 8

_____________ 
315

~~~~~~~ ~ ;: ~___________ 

5 

~l.8

~ llll~125 ~r’4’~pr —
~~~~

NATIONAL BUREAU OF STANDARDS
MICROCOPY R(SOLUTION TEST CHART



PILOT RESPONSE TO A GROUND PROXIMITY
WARNING SYSTEM IN HIGHLY
MANEUVERABLE AIRCRAFT

CREW EQ UIPMEN T AND H UMAN FACTORS DIVISION
DIRECTORATE OF EQ UIPMEN T ENGINEERING ~~~
DEP UT Y FOR ENG INEERING fl

JUNE 1976

T E C H N I C A L  REPORT AS [)-TR-76-5
F I N A L  REPORT FOR PERIOD MARCH 1974 to MAY 1975

0~

A pproved for public release; distribution unlimited

I I

AERONAUTICAL SYSTEMS DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT -PATTERSON AIR FORCE BASE, OHIO 45433

-~~~ -~..-~ ---.-- ---- .— ---~——-——- ---—---— —-- --.-— - — - -  — j - - -  - - - -



NOTICES

When Government drawings , specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation , the United States
Government thereby incurs no responsibility nor any obligation

~thatsoever; and the fact that the government may have formulated,
furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implica-
tion or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or
permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

This report has been reviewed by the Information Office (01)
and is releasable to the National Technical Information Service
(NTIS). At NTIS, it will be available to the general public ,
including foreign nations.

This technical report has been reviewed and is approved for
publication

CHRISTOPHER J. HYATT/Sqn Ldr RAF FRANCES A. ES /GS-ll
Assistant to Chief, Crew Equipment Engineering Psychologist
and Human Factors Division

FOR THE COMMANDER

OSEPHVK. JARBO , Lieutenan t Colonel , USAF
Chie f , Crew Equipment and Human Factors Division

Copies of this report should not be returned unless return is
required by security considerations, contractual obligations, or
notice on a specific document.

• — — • - 
-
. , . . - . . 

— —



- ,  - -

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (67,sn Data Entered)

REPORT DOCUMENTATION PAGE BEFOR E COMPLETING FORM 

-

__________________ 2. GOVT ACCESSION NO. ?~~~~~
C I P I E N T S  C A T A L O G  NUMBER

ASD-TR-76-5~~~ j  9)
1. -W4ULB (L~ J J-L...14—— ~~~ T B .-

(~
) ,~‘ILOT RESPONSE TO A .PROUND PROXIMITY WARNING Final R’ei~L~ r~ ~~74~~~ May ~~ 75

SYSTEM IN HIGHLY MANE~ 1ERABLE AIWT .f I•S ~~~~~~~~~~~M R

i~~~~
UTMOR/ ) 6 CONTRACT OR GRANT HUM

Christopher ~.,catt Sqn Ldr, RAF

Mrs) Frances A.Aniess ~~ ~Z2:c_~9. PERFORMING ORGANIZAT ION NAME AND ADDRESS t O. PROGRAM ELE T PROJECT . AS

Crew Station Design Facility (ENCTH) ASD Project~~713 Task 30’
Aeronautical System.~ Division Job Order Number ASD 0008
Wright—Patterson Air Fort ’p Race , (Thin  4S/ ~~~1 ____________________________

II. CONTROLLING OFFICE NAME AND ADDRESS / 
T~~ 

~ ~~~~~~~~~~~~~~~~

c / fl  Jun e76 /._ _ q~ .u.. ~~~~~~~~~ GES
Same 45

IA. MONITORING AGENCY NAME & A OORESS(I1 dIfferent from ConIroZIIn4 OltIc.) IS. SECURITY CLASS. (of IS!. report)

~
‘ 4)c ~~ l~~~~~~~~~~~~~~~ I ION ’ D O W N G R A D I N G

~_ .J__ -~_____ I__i_J
16. D ISTRIBUTION S T A T E M E N T  (of thIn ReporI)

~~~~~~~ ,
. .

Approved for public release; distribution unlimited . 
. ~~.

:- ~cc~’17. DISTRIBUTION STATEMENT (of IS. .b.tr.ct entered In Block 20, If dlff.renl from Report) —

C
I!. SUPPLEMENTARY NOTES

Ii. K’ZY WORDS (Continue on rarer.. .jd. If nec..a.,y end Ident ify by bloc k number)

Ground Proximity Warning

Proximity Warning

Inadvertent Flight Into Terrain

20. ABSTRACT (Continu, o., rso.r.. cia. it n.e..sary end identity 5y block number)

~It is of interest to the USAF whether a Ground Proximity Warning System (GPWS)similar to the type currently in production for commercial airlines could be use
in highly maneuverable a i rc raf t  such as f ighters  and trainers. A GPWS was
installed in the Crew Station Design Facility (CSDF) FB—lll Simulator , and
missions were flown over various types of terrain in both VFR and IFR conditions
Reaction data was recorded , and the subjects completed questionnaires. It was
concluded that pilot acceptance was high and that a workable set of warning
envelopes could probably be developed for highly maneuverable aircraft. — ~~~~~~~

DD 
~~~~~~ 

1473 EDI TION OF I plOy 65 IS OBSOLETE UNCLASSIFIED /
SECURITY CLASSIFICATION OF THIS PA GE (WSt.n Del. Ent.r.d)

~~
g,( (

_ _  _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



FOREWORD

The work reported in th is  document was performed at the Crew

Station Design Facili ty (CSDF), Crew Station , Escape , and Huma n
Factors Branch (ASD/ENECC) of the Aeronautical Systems Division,

Wright—Patterson Air Force Base , Ohi ’, over the period March 1974

to May 1975, under Job Order Number ASDD—0008, on behalf of ASD

Project 2713, Task 30 Ground Proximity Warning Study .

The report is a description of a study investigating the

feasibility of using a Ground Proximity Warning System in high
performance , highly maneuverable aircraft. The study was

conducted for the Flight Instruments Branch , Deputy for Engineering,
Wright—Patterson AFB , Oh io , who fu nded the necessary development
work on the CSDF simulator and its operating costs during the study .

The principal inves tigators were Squadron Leader Christopher

J. Hyatt , RAF , and Mrs Frances A. Kniess.

The ground proximity warning system simulator capability was

developed by George Sayre and Mark Christensen of the Singer Company ,
Simula tion Pr oduc ts Division , under contract F33—6l5—7l—C—l92l.

This report was submitted by the authors March , 1976 .
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SECTION I
INTRODUCTION

Much work has been done over the last four years to develop

an inexpensive , compact , lightweigh t system which would provide

adequate warning of an a i rcraf t ’s inadvertent controlled f l ight

into terrain . A workable system now exists and variants of it are

being manufactured by different contractors. The system is being

f i t ted to all commercial passenger carryin g jet aircraft as a
result of new Federal Aviation Administration ( FAA) requirements .
The USAF wishes to take advantage of any benefits  the system can
of fer  and installation in all USAF passenger carrying aircraft is
being considered. The question has naturally arisen whether the
system as designed , or with suitable modifications, could usefully
be applied to other types of aircraft such as highly maneuverable
combat aircraft .  This study , in tended to provide a f i rst look at

the p roblem , was to dete rmine whether further investigation would

be worthwhile .

The study was initiated as a result of discussions between the

Fligh t Inst ruments Branch (ASD/ENFI) and the H uman Factors Branch

(ASD/ENCTh) over the period October 73 to February 74. It was

conceived as a low cost study ,  with most of the expenditure directed
to the creation of a Ground Proximity Wa rning System (GPWS)

simulation capability . The study was carried out in two phases . The

fi rst consisted of f ly ing a Visual Fligh t Rules (VFR) mission over a

mountainous terrain model. Because visual cues tended to conflict
with the warn ing sys tem , a second phase was flown under Instrument

Fligh t Rules (IFR) conditions , with terrain following radar cues

available to the subject.

1
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SECTION II
APPARATUS

The apparatus used for conducting this experiment was the Crew

Station Design Facility ’s (CSDF) FB—ll l simulator at Wri ght—Patte rson
Air Force Base . This simulator, driven by a CDC Sigma 5 computer,

consists of modified FB—lll cockpit mounted on a 5 degree of freedom

Singer motion base (vertical and lateral translation; p itch , roll ,

and yaw rotation) .

The cockpit has a Wide Angle Commercial (WAC) window for  its

visual system , driven by a monochrome television probe operating on

a SMK 23 terrain model. For the purpose of this experiment Singer

Simulation Products Division developed a probe altitude sensor,

opera ted by tracking an obliquely impinging laser beam . This

generates real—time altitude—above—ground signals from the terrain

model for the radar altimeter In the cockpit. This unique capability

allows the whole terrain model to be used (rather than limited routes

wi th ground heights stored in memory) and also permits changes to the
terrain model without the need for any software change to the radar

altitude system. The simulator also has an inertial navigation

system and terrain following (TF) radar, both of which are coupled
into the autopilot. Thus, fully automatic TF cross—country missions

can be flown. Alternatively the autopilot can be uncoupled , and TF
and navigation data given to the pilo t by means of the Attitude
Director Indicator (ADI) . Altitude data for the TF system is

obtained from radar landmass plates representing actual North

American terrain . This is a standard system, but this was the f irst
time it had been activated on the facility ’s simulator.

2
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1. GROUND PROXIMITY WARNING SYSTEM (GPWS)

The simulated GPWS installation took data from the basic aero

program of the simulator. R~’4ar al titude da ta was taken from the

probe altitude sensor for visual f l igh t missions and from the TF

system for instrument flight missions . The warning envelopes used

are shown in Figures 1 and 2. It was not considered feasible to

continually update these to curren t FAA con f i gurations .

The GPWS is activated when the aircraft enters the appropriate

warning envelope and con tinues to give war ning un til the aircraf t

leaves the envelope. The following forms of warning were provided:

a. A swept tone (Whoop—whoop !) fed to the simulator
interphone system .

b .  A voice say ing “Pull Up!” , fed to the simulator

interphone system.

c. An illuminable warning panel bearing the legend PULL UP.

Switching facilities were available at the simulator console to

select any or all of these warnings . If the voice and tone were

selected together , the> operated sequentially,  tone followed by
voice (Whoop—whoop ! Pull Up! Whoop—whoop ! Pull Up!).

3
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SECTION III

STUDY PROCEDURE , PHASE I (VFR)

The f i r s t  phase of the study was carried out under simulated

Visual Flight Rules (VFR) conditions .

1. SUBJECTS

Twelve subjects took part in the first phase of the study ;

eight were rated USAF line pilots and four were Air National Guard

pilots. Table 1 shows their qualifications and flying experience .

Their flying experience ranged from 500 to 5400 fligh t hours , wi th

a mean flight experience of 2880 hours .

2.  PROCEDURE
Each subject  received a 15 minute p rebr ie f.  He was told he was

par t ic ipat ing In a study to evaluate a ground proximity warning

system (GPWS) in a high—performance , highly maneuverable a i r c r a f t .

It  ~ as explained that his primary task was to f ly  the simulator , but

that  he would be aske d to comment on the simulation and cr i t ique  the
warnings he received. Each subject was also briefed on the nature of

ground proximity warning systems and the type of log ic built  into

them. The four possible modes or situations which would trigger a

warning by the system were exp lained to him .

A f t e r  the b r ie f ing ,  the subject  was given a 30—minute trial run

to familiarize him with the FB—lll simulator and its f l igh t

characteristics . This training ride consisted of completing several

360° turns at various bank angles , configuring the aircraft for

lan ding, shooting touch—and—gos , varying the wing sweep, and changing
airspeed and altitude .

A f l i ght planning exercise followed the training ride . This

consisted of study ing the f l igh t plan and a map of the terrain over

which the mission would be flown . The route was pre—marked on the

ma p.

6 
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TABLE 1

PHASE I SUBJECT EXPERIENCE

Flying
Subject Qualification Type Duty T ime (h r s)

1 Pilo t ANG* 900

2 Senior Pilot Instructor  Pilot 4000

3 Pilot Test Pilo t 500

4 Command Pilot Aircraft Commander 4600

5 Senior Pilot ANG 3100

6 Senior Pilot Fighter Pilot 2800

7 Senior Pilot Fighter Pilot 2100

8 Senior Pilo t Figh ter Pilo t 2300

9 Senior Pilot Non—Fly ing Status 5400

10 Senior Pilot ANG 3450

11 Pilot ANG 1000

12 Senior Pilo t Fighter Pilot 4400

Average flying experience = 2879. 12 hours .

*ANG — Air National Guard Fighter Pilot

7 
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Any questions the subject had regarding the mission , or wha t he

was expected to do, were answered at this time.

3. MISSION

The VFR mission flight plan is described in Appendix A. There

were four locations along the route where the pilot was scheduled to

encounter situations which would cause him to receive one of the four

modes of warning. These locations , however , were not marked on the

subjec t ’s copy of the map. The four situations were:

a. An airpocket after a takeoff

b. Closu re into “mountainous” ter rain
c. Descent over a f l a t  desert

d. Excessive descent rate

Ideally ,  these four  situations in the mission p laced the p ilot in

simulated conditions where he received each of the four modes of the

GPWS :

a. Mode 3 — Altitude loss after climbout (negative climb rate)

b. Mode 2 — Excessive closure rate

c. Mode 4 — Unsafe terrain clearance based on airp lane

configura tion
d. Mode 1 — Excessive descent rate (sink rate) with respect to

the terrain.

4. EXPERIMENTAL DESIGN

Each subject was given two of the three methods of warning.

He would sometimes receive them singly and sometimes simultaneously;

e.g., during dif fe ren t par ts of one mission , the pilot might

rece ive a tone warning alone , a voice warning alone, or a voice and

tone warning together (Whoop—whoop ! Pull Up ! Whoop—whoop ! Pull U p ! ) .

8
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Table 2 shows the order in which the types of warning were

presented to subjects .

5. DATA COLLECTION

An 8—channel Brush recorder was used to collect four aircraft

parameters:

1) Delta stick (degrees)

2) Delta pitch (degrees)

3) Delta flight path vector (degrees)

4) Delta barometric heigh t (fee t)

and four pilot  response parameters:
5) Plus and minus vertical velocity (feet per minute)

6) Radar altitude (feet)

7) Indicated airspeed (knots)

8) Percent throttle

The firs t parameters were recorded when the p ilot entered a
warning situation . The recording equipment took the instantaneous
Value of the four a i rcraf t  parameters at the time when the warning
was t riggered and recorded changes in stick movement , pitch , flight

Path vector , and barometric heigh t throughout the du ration of the
warning. These four channels reg istered “0” as long as the p ilot

• 

- received no warnings, and ten seconds af ter the termination of a

warning they reset to “0” again . The last four channels were
plotted continuously during the entire mission .

9
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TABLE 2

SCHEDULE OF WARNING SIGNAL S

Subject  Mode 3 Mode 2 Mode 4 Mode 1

1 tone voice/tone voice/tone tone

2 tone tone voice voice

3 light voice voice/light light

4 tone light light/tone tone

5 voice voice/light light voice

6 ligh t light/tone tone light

7 voice voice/tone tone voice

8 voice/light light voice voice/light

9 light/tone tone light light/tone

10 voice voice/tone voice/tone tone

11 voice voice/light voice/light light

12 light light/tone light/tone tone

10
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II .1
In addition to the eigh t analog channels, the Brush recorder

had two digital channels. One was used to record elapsed mission

time and the other to indicate a warning condition . Thus it was

simple to determine the point in time when the warning started and

fo r how long it was activated.

A magnetic tape was also used to collect data , on the above

parameters and a number of others , at a rate of 10 iterations per
second . The tape data was collected as a backup to the Brush

recordings .

6. QUESTIONNAIRE

In order to obtain pilo t reac tions to the quality and validity
of the d i f f e rent warnings received , a questionnaire was developed

(Figures 3 and 4 ) .  This questionnaire was aimed at gaining

information about pilots ’ acceptance of the GPWS , thei r reactions to

the d i f fe rent methods of presen ting warning info rmation , and the

usefulness of such a system in the F—lll or in similar aircraft .  The
first  pa rt of the questionnaire was deliberately unstructured in the
hope of att racting any original ideas the subjects might  have

concerning GPWS . The second part was structured to ensure that
certain basic information was obtained.

11
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GROUND PROXIMITY WARNING SYSTEM STUDY
TEST PROFILE

CRITIQUE-PART 1

NAME :

COMME NTS ON SIMULATION :

VISUAL :

MOTION :

SYSTEM RESPONSE/CONTROLS

COMMEN TS ON WARNING SYSTEM :

TYPE OF SITUATION IN WHICH WARN ING OCCURRED :

MERITS OF DIFFERENT METHODS OF PRESENTING WARNING INFORMATION :

Figure 3. Test Profile Critique—Part 1

12 
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GROUND PROXIMITY WARNING STUDY

TEST PROFILE CRITIQUE PART 2

1. Did you get any warnings that were
a. Unnecessary?

b.  Too early ?
c. Too late?

2. Did you meet situations where you fe l t  you should have been
warned but were not?

3. During the course of the mission you received various types of
warnings and comb ination of warnings . For each warning and
combination of warnings , describe what you liked or did not like
and for what reasons . Which warning did you feel was most
e f fec t ive?

4. Did you feel the system was useful or could be made useful .

a. For general f l ight  in F—ill or similar a i rcraf t .
1,. For t rans i t / fe r ry  f l igh t  in F—ill or simiiar a i r c r a f t .

Figure 4. Test Profile Critique—Part 2

13
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SECTION IV

STUDY PROCEDURE , PHASE II (IFR)

During Phase I of the study it was fo und that the visual cues

a p ilot receives , particularly if he has no lateral vision , may

appea r to him to conflict with the GPWS warnings . This problem

is inherent in the GPWS , since the radar altitude data is always

historical with respect to the pilo t ’s fo rward field of view.
Thus , an obstacle which has passed safely below the p ilot ’s line

of sight may still cause a momentary warning signal as the radar

altimeter senses it. It was therefore decided to run a phase

without this visual conflict , by using an IFR mission . This is
in line with the expected use of the GPWS . To 0 i v e  the subjects

some form of reference , the TF capability of the simulator was
used , with the pilot in the control loop, i.e., the mission was

flown manually using the ADI display .

1. SUBJECTS
In view of the hi gh skill level required to f ly  the FB—lll

0n manual TF , and the need for  familiari ty with the TF to permit
assessmen t of the GPW S against it, three experienced F—lll pilots

were used as subjects for this phase .

2.  PROCEDURE

Each subject was given the same prebrief as described in

Phase I .  He was then briefed on the requirement for  manual TF

f l ying and the type of terrain he would be f l ying over . He was

given a map marked with the test route . The coordinates of the

route were preset into the automatic inertial naviga tion system ,

with sys tem ou tpu t fed to the vertical bar of the ADI .

14
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TF data was f ed to the horizontal bar of the ADI . Thus, by

manually f lying the aircraft  in response to the ADI command signals,
the correct route was flown at the selected TF height. This was

fully explained to each subject , and he was advised of the TF height

selection and ride setting (either hard or soft) he would be using.

3. MISSION

The IFR mission flight plan is described in Appendix B. The

mission was over terrain varying from 1000 feet to 6000 feet MSL

with peaks to 9000 feet. The route was essentially along valleys ,
but in view of the speed (475 kut) the contours were not followed

precisely, so there were considerable fluctuations in ground height

along track .

4. EXPERIMENTAL DESIGN

Because of limitations on time and availability of subjects for

Phase II , the experimental concept used was to progressively push the
man in the loop towards the limit of the manual TF capability . The
missions flown by each subject are detailed in Table 3.

5. DATA COLLECTION
The same data collection prog ram as in Phase I was used ,

including Brush recorder , magnetic tape , and questionnaires . In

addi tion to the above da ta , an experimen ter recorded the time of

warning , mode of warning, and any comments the subjec t made about

the warning . The comments the subjects made as they received each

warning during the IFR phase are given in Appendix B.

15
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TABLE 3

TERRAIN FOLLOWING (TF) MISSION DATA

MISSION SUBJECT HEIGHT (FT) RIDE
NUMBER

1 1 1000 Hard

2 1000 Soft

3 750 Soft

4 2 750 Hard

5 750 Sof t

6 3 750 Hard

7 400 Sof t

NOTES:

1. Pitch was manually controlled throughout .

2. indicated Airspeed was 475 knt throughout .

3. Mission one was flown with automatic roll control .

4. Mission three and all subsequent missions were flown with mode

1 (excessive sink rate) disabled .

16
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SECTION V

RE SULTS

The VFR and IFR phases of the experiment are independent and

can be considered sepa rately . A considerable amoun t of hard data

was acquired for the VFR phase , whereas the IFR phase data was

mainly a series of subjec tive assessmen ts by the subject pilots.

1. PHASE I REACTION DATA

Al though much hard da ta was recorded , it was not susceptible

to precise or significant statistical analysis; although the study

was initially designed wi th adequa te da ta poin ts and a measure of
counter—balancing , var ious practical problems during the da ta
collection weakened the design . An analysis of these problems is

presen ted in Appendix C.

A wide range of parameters was recorded to ensure tha t an
appropriate measure could be found.  The data on the Brush recorder

was foun d to be s u f f i c i e n t ly comprehensive , and the back up data on

tape was therefore  erased to permi t reuse of the tape and to save

storage space .

As a result  of inaccurate route f ly ing ,  not only were some data
points lost , but many warnings were received at poin ts where none

was intended , and these were not received consistently by all

subjects . I t  was there fore considered inadvisable to use them for

compara tive purposes , but the data has been re tained in case a more

extens ive analysis seems desirable at a later date.

Inspection of the various parameters showed them to be

generally consistent but some were affected by factors outside the

scope of this study ; any data recorded more than 4 or 5 seconds

af ter warning were a f f e c ted by changes in ground he ight at or after
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the time of warning. It appeared that a good measure of response

to the warnings was given by the time to achieve certain criteria.

For Mo des 1 and 3, which are triggered by negative barometric rate ,

return to 0 barometric rate appeared to be a good cri terion; whereas

for  Mode 2 , which is t r i ggered by radar rate , a gain in barometric

height of 150 feet was used. Mode 4 was not considered , due to

in su f f i c i en t  data (one data point) . The times taken to achieve

criterion values are shown in Table 4 together with the reciprocal

times which represent rates of response . Since Mode 3 was the only

mode for  which data was obtained from every subject , the subjects

have been arranged ordinally with respect to Mode 3 response time .

No order is apparent in the related Mode 1 and 2 responses , which

indicates that there are no consistent between—subject  d i f ferences .

The mean response rate for  each warning mode is also shown in

Table 4. To provide some degree of comparability between modes

(since the mo des have arbi t rary and d i f f e r e n t  criteria for

measurement of response time), response ra tes within modes have been
expressed as deviations from the mean response rate for that mode .

These deviations are grouped in Table 5 by na ture of warning

- 

- signal . Two general trends are apparent here :

a. Single warnings led to responses which , on balance , were

bet ter than the average response . Combined warnings , e.g. , voice

and ligh t together , led to worse than average responses .
b. Within the single warnings , the response to voice was much

fas ter than the response to tone or light.

I t would be wrong to draw firm conclusions from this , since the

data are not statistically significan t , bu t there is enough evidence

to suggest that further experiments specifically desi gned

18
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to es tablish the rela tionship be tween type of warn ing and speed of

response would be worth—while . There is also the suggestion that

presen ting two warn ings simul taneously may have an adverse e f f e c t ,

whether due to some form of mental conflict over interpretation , or

perhaps some anxiety associated with the intensifying e f f e c t of the

double warning .

2. PHASE I QUESTIONNAIRE

Some comments from the questionnaire are given at Appendix D.

Some general conclusions from these questionnaires are that:

a. Only one subject felt that the system failed to warn him

of a dangerous situation.

b. Only two subje-ts felt that some of the warnings were too

late.

c. Most subjects felt that some of the warnings were given

too early , or were even , in some cases , unnecessary .

d. Only one subject felt that the system could not usefully

be applied to high performance aircraft.

e. The subject ’s ratings of the various types of warning were

imprecise verbal descriptions. On two separate occasions the

experimenters independently transcribed these ratings onto a 1—5

scale (5 most favorable) . These four transcriptions proved to be

highly consistent both between experimenters and over a period of

time . Average values are shown in Table 6, together with overall

averages by warning signal. The subject ’s assessments are slightly

in conflict with the reaction times in Table 4 and 5.

3. PHASE II REACTION DATA

It was quickly discovered in the first two tests flown under

IFR conditions that the Mode 1 (rate of descent) warning, as

currently configured , was useless for a terrain—following fligh t

21
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TABLE 6

- SUBJECT ASSESSMENT OF WARNING SIGNAL S

SUBJECT VOICE TONE LIGHT COMBINATION
NUMBER

1 4.50

2 3.75 4.25

3 4.00 4.00 5.00

4 4.00 1.75 3.50

5 4 .50 2 . 2 5

6 3.25 4.25 4.50

7 5.00 4 .00

8 4.00 5 .00 4 . 7 5

9 4.50 2 .75  4 .50

10 2.00 2 . 7 5  4 .00

11 4 . 7 5  3.00 4 .7 5

12 4.00 1.00 4 .25

AVERAGE 4.00 3.50 3.43 4.63

(Numerical values assigned by experimenters on the basis of subjects’
verbal ratings . Scale 1—5 , 5 most favorable.)

22
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path . Given a good ter ra in  following signal , it is quite safe to

climb and descend at rates well into the GPWS Mode 1 envelope . On

the other hand , because of the tendency to main tain constant
terrain clearance , the Mode 2 envelope remained relatively usable
at much lower altitudes than might have been expected. Once the

Mode 1 had been disabled ) the Mode 2 warnings were found to be
mostly appropriate . However, the subjec ts fel t tha t , assessed
against the available TF cues, the GPWS warnings were sligh tly

later than they would have liked.

These results are not an indictment of the GPWS; they simply

indica te tha t it is not as flexible , prec ise , or responsive as a
higher grade system. On the other hand neither is it so heavy or

so costly, and it was neve r intended to cope with the type of

environment used in this study. Unfortunately, th is adverse

comparison with the TF system (which , being fitted to all F—llls ,

provided an easy base reference) led all the experienced F—Ill

pilo ts to depreca te the GPWS because it would not resul t in any
improvement to the F-ill as they knew it.

4. PHASE II QUESTIONNAIRE

Some comments from the questionnaires are given in Appendix E.

An examination of the subjective comments given by the subjects at

the time of each warning shows tha t the terrain following radar

(TFR) system is felt to be superior to the ground proximity warning

system . Many comments pointed out that the groun d proximity system

could only look at the terrain direc tly beneath the aircraft while

the TFR could look forward at upcoming terrain . In the majority of

the cases the two systems work ing toge ther led to confusion for the

pilots. The TFR pitch command sometimes gave the pilot a p itch down

command at the same time as the groun d proximi ty system was tell ing

the p ilot to “PULL UP! ” .

23
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_

SE CTION VI

CONCLUSIONS

Although in many ways the study appears to have been

inconclusive , in terms of hard data and significant results, in
fac t it has led to a considerably better unders tanding of the
implications of the CPWS.

It is clear that , with the exception of the negative response
exhibited by TF experienced p ilots , the re was a high degree of
pilot acceptance . This would presumably be reinforced by a sui tably
developed GPWS which p roduced more consis tently acceptable warnings .

Some preconceived ideas were upset regarding the relative

su i tab i l i ty  of GPWS for different types of aircraft and mission .

There appears to be some degree of trade—off between the ease with
which a hi gh pe rformance a i rcraf t  can get into trouble and its
ability to get out. With the exception of the terrain following

situa tion it appeared likely that a workable series of envelopes
could be developed for combat aircraft . Further studies , preferably
in flight , should be made . On the other hand , parallel studies wi th
the GPWS in—flight on a KC—l35 suggest there could be a greater

problem with transpor t aircraf t than was expected because of higher
load factors on military aircraft and the need for tactical flight

profiles . The inability of the system to cope with terrain following

is not a serious shortcoming since the whole concept of Ground

Proximity Wa rning is predicated on “ inadvertent f l ight into terrain”
which is , by implication , from a nominally safe height.

There appears to be some evidence that the voice warning has

be nef its desp ite the fact  that it was no t par ticularly favored by

24 

-- -- . -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -

the subjects . This is certainly wor th pursuing in a dedicated
Study. CSDF initially had some reservations about the use of the

warning “Pull Up”, bu t af ter some analysis it was re tained for the
study and Is currently favored by CSDF . The rationale for this,

brief ly, is tha t :

a. The system can only work if nuisance warnings are avoided.

b. This can only be achieved by keeping the envelopes small.

c. GPWS is not a routine flight aid , but an emergency warning

for an aircraft which has inadvertently entered a dangerous flight

condition .

d. Warning will always be at the last minute .

e. Instant response , wi thout the delay wh ich would be caused
by assessing possible fa i l ures , is needed .

f. The warning “Pull Up ” , wh ile not universally appropria te ,

°f f e r s  the chance of saving more a i r c r a f t  than a more comp lex or

more abstract warning .

As stated above , however , this is an analytical judgement and we

know of no data on alternative voice messages for GPWS . Work in
this field is currently being undertaken at NASA , Ames Research
Cen ter , and close cooperation for the future is strong ly
recommended.
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APPENDIX A

VFR MISSION PROFILE

The VFR mission was flown over the visual terrain model of the

F—ill simulator. This is a SMK 23 model which was extensively

remodeled for this study. Figure A—l is a map of the model , show ing

part of the mission route. Table A—l shows the flight plan which

was given to the subjects.

27 

t~._ I:r~
.):
~ 

n r  

_______ 
I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~—-_-__ - -—--~~~~~~- - - ---~~~~~~~~~~~ - -~~~~~~~~~ -- -  ~~~~~~~~~~~~—-—- —~~~~- _



- - -~~~~~~~~~~~~~~ - --
~~~~

- - - -  . -
~~~~~~~~~

-a
Ci)z
a)
0
S ‘— 0 0 0 0 0 0 0 0 0
‘4 ‘4 0 0 0 0 0 0 0 0 0
‘-4 4- 0 0 0 ~~ 0 If) 1) 0 CC
I.’ ‘—‘ -1- -.1- -1- .-4 C’) N N C’)
‘-4
-Ca

Cl
S a) ,—4 it) If) U) If) 0’ If) 0’

Ca Ca C/) C’) C’) it) N C-) ,-.4 C’) C’)

C) I-’ Ca N -~~ ‘C ~ 4 C’-) C’) in If) U)
-4 -4 -.4 _4 -4 ,-4

z

C)
a)

a) Cl) 0 —~ 0 0 0 -~~ ‘0 -~~
00 5~~~- C’) 0 C’) C’) If) C’-) ~~ ‘-4 0

-- .- .. ..
1-I g N N N -~~ . 4  C-)

- C I
Z a ) 0 I
0 4J a) t
4—’ ca St—U) U 04 0) 0 0 0 0 0 0 0 0 0
Cl) 0) ‘4 it) I f )  it) ‘C in in in If) it)
I-I 0 C. ~~ -1- ~~ ~~‘ — -1- ~~x

4-4 -Ca
-4

— C.)
Cl)

Cl-C 0-
CC 000) > C’- If) CC N ‘C 0 C’)

0 a)~~4 ~~ .-4 ~-4 ~—4 ,—4 .—4 ‘- N
H 4-

-a
0-.
H
C) U)
-4 C~~~a)

Ca a)
4- -,-4 C. CC C’) ‘.0 ‘.0 0 0 C’) it) C-) C--C

‘0 00 ~ 1 0 -1- -1- in in U) C-) U) U)
CO a) C C C-) C-) .-4 ~~4 ~ 4 —4 _-4 4
0 ) 0

—5-

0) .. 00
C. )) 00 Ca
0 0  Ca - 4 0  ~~~ Ca
0 0 0 )  ~-~ 0 0 4 -~ ‘4 4.~~ a)

- C) )) 0 CO 0 14~4 C’) S C a)
‘4 ‘ 4 0 )  C a o w o  U) .~~ J-I l~J ‘ 4 5
“4 0 s CO C’) C 0 — C) I Ca 4-C

‘.0 0 )) ,—4 1-~ 0 CO • Cl) in 00 C. S
C —~ C) 0 >~ C If) 0 .0 ‘4 C-) Ca

‘ 0 0  C-) • 0 ~~) CO 00 N 4-) I’4 ~ 
_4 .4  ~Ca C a C  CO ) ) 0 0~~ 00 0 .0 Ca

0 c O - ~ ‘i-i C a C a~~ -’ ,C C a C .  0 0  50  0 1 0  ‘ 4 • — ’ 4
—4 ‘4 0 0  C0 ’-4 U-4 O E S ‘4 0 0 ) ’ 4 a )  10 1-l U-,
‘4 Ci... 0 ‘4 C’) 1-I )) Ca ~-4 C. Ca Ca ~—4 0 ‘4 Ca C ‘4

“4 ‘4 0) 0 0 00 0. Ca 0 CO —4 C. ‘0 C. U I-’) CO 0 C 0
0 .- 40  O C a  S C a 0  C J C a S  0 5  ~4 N 00 0

.0 ,-4 .—4 -1- .0 0 1-’ a) ‘4 ‘4 0 ‘4 ‘ 4 C C  0) 0 CC
C) 0 ) 5  0 0  0 0 ~ ,-4 U C a  U C . IJ 00).-, U U ) ,— 4
Cl) ,~~~ .-4 C . ’ 4  C-’ Ca C C .  S a )  • CC  0 ) C  CO 0 C C .  Cl)
a) 0 0 S O C  . — 4 0 0  0 C ’ 4 C a i n  0 ) 0  4-’ C. 5 — 4 0 a)U.4 0
C H U  4 ) 0  ‘4 .0 C O ’ 4 ’ 4  4 4 J 11-l IOr.4 ‘0 10 0 ) 5  0 ’ 4 ’ 4

-~ N C-) ~~ in ‘.0 N- C’

28

- -5-—- — — -5- ------ 
—- —

~~~~~



_ _ _ _ _ _ _  - -- -

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 Lt) 0 0 0
it) LI) LI) m C’) N

C-) .-l ‘.0 CC C) N N

C-) C’) it) C —a’ .-4 ‘-I

0 N C’) C’- N- CC ‘--4
N N N N N C-) C’)

-~~ CC LI) N 0 -a’ 0
-a’ CC C-I -~~ C-I C

N .-4 C’) C’)

0 0 0 0 0 0 0
it) LI) Ii) LI) in If) ‘.0
—1~ a’ -~~ a’ -~~ 

,~4

C’) ‘.0 N- —a’ m ~~‘-4 .-4 N

‘-4 in CC C) ‘.0 N CC
O C) C’) m 0 -~~ C’)
N ,-4 C’) C’) 0 0 C’)

‘44-4 N
00 14.1

0 0
0 r1  . ‘0
C C ’ 0~~-I 00 1-. IJ ~i ‘.0 0 5

Ca S 5 5 4 - 4  000 0 4-J 0 10
S C-I ~ri 1.1 0) 4~J 5 0 ~~ 5 4.1 Ii (V

‘0 C l S 0  .,-1 0 5 C\.. • ,Ca~~~4
4-i 0 Ca 4-) 1 0 50  ‘ 00 ’ 0  0 5 1-1 0

(0 4 - 1  0) ‘4-4 01 .-l Lt) 10 4-i S ‘4 5 0 0 r4 ‘4-4

‘4 5 0) ‘ 0 5 C ’)  0 ) 5 0 )  ~~S Q) 0 ,-4 CC — ~~ 0 C) • 00 11.4 00 ,-4 ~~ 4.1
0 C’) CO~~ -~~ O 10 4.1 ~,-4 0 j aJ’0 4-l S U-4 08

(0 0) 4 - l U )  c O r n  U-4 4~l ( 0 5 0 ) 4- i  I-i ,~ 1 .o 0 1 4 . 4 00 C a S
CC 0)

S 0 .-4  0 ) 0  1 - l O S  5 5  0 5 5
,-4 ’0 CO 1-i (00~~ ~~~~C a ’ 0 0  I-i ~~~C C U ) O S~~~~~ Ca
‘-1 5 5 5 11.4 ( 0 5  4.~~0 0  c 0 C a 5 0  S S r n W O O - r 4 C0
O ( 0 Q 4 . 1 0  6 0  C C J N’ 0  E u c O rn 1-1 4 . 1 r n’ 0 N u c Or—4

0 ‘-4 N C’) -a’ in ‘.0,-I ,-l

29

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - --5



4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-5

~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

350 15 N 35°20’N 35°2S’N

/ _ 
-- —- ----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—--—---~~~~~~-



MODE 3 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 702~~~~~~~~~~~~~~~~~~~~~~~~~

______________________________________ ________________________________________ 
97°1 5w

it ’ Pa~
p 35°30’N 35°35’N

/



_  
_ _ _

~~L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
7 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_____ 
97°2O~w C, 

______________________

~~~~ IE0is
~
w
~~~~~II ~~~

F i g k l r ~’ A— I - Part i I Mi ~sion R o u t t  t or  Phasc I

35°35’N 31



APPENDIX B

IFR MISSION PROFILE

The IFR mission was flown ove r a radar simulation of

southeas tern Arizona , using a radar landmass plate . The route

followed is shown on the map in Figure B — i .  The route plan was

programmed in to the automatic navigation system so there was no

need to give the subjects  a f l i gh t  plan .
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APPENDIX C

PROBLEMS AFFECTING EXPERI~~ NTAL DESIGN

There  we re t h re e  h~~s i c  prob lems  which  i n t e r f e r e d  with ~he

experimental de— .ign , and made it impossible to app l y any rigorous

statistical analisi~ t / ~ the data. One was the difficulty in

obtaining -.ii itable S U h e t S .  ‘.I ’rt- important was the problem of

achieving C o f l S i S te f l i’\’ in n aV i / I t i O f l . Finally, there were some

short--comings in s i m i l l i t  I~~ !1 fidelity .

AVAILABILITY OF SI B IECTS

The experiment w~os essentially a low budge t project with all

available funds be ing app l ied t o  the development of the necessary

hardware for radar alt imeter simulation . I t was also an in ternal

-- - .•~~ - - - ‘  ASD.~~roject so that there was no user command sponsorship. As a

resul t, all the subjects were on—base volunteers from

Wri gh t—Patterson AFB , who had to be scheduled at times convenien t to

them and to their commanders . Their schedules also had to be closely

coordinated with the schedule for the FB—lll simulator , which shares
its computer with other simulator facilities . Specif ic e f f ec ts of
these fac tors were :

- 
- a. There was no spare pooi of subjects to permit subject

selection or flexible scheduling.

b. Most subjects were not familar with the F—ill , and those
who were familiar were not current .

c. Time was not available for extra training or for reruns .

The net result of these problems was that the skill levels of the

subjects differed widely,  and the average leve l was lower than could
have been wished for . Any problems in administering or recording

the tes t runs had to be accep ted since there was no time available
for reruns .
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NAVIGATION PROBLEMS

The available terrain model for f l y ing the tests represents

very rugged country . Although this was good in the way it

simulated a high risk area where GPWS might be importan t , it had

the major drawback that very small changes in height , position , or

heading genera ted major changes in the aspec t of the terra in

presented to the system and the pilot. When this is considered in

conjunc t ion  wi th  the low skill leve l mentioned in the previous

paragraph , it will  be seen that  there was l i t t le  chance of

presenting consistent s i tuat ions  to the subjects . The test routes

were chosen to produce four specif ic warnings . In practice the

four warnings were generated under widely d i f f e r i n g  s i tua t ions  from

test to test , or in some cases the sys tem did no t trigger a warn ing
at all . In par t icular , Mode 3 was generally swamped by Mode 1

signals , and Mode 4 was only achieved by one subject . On the other

hand , many warnings were genera ted at po ints where none were

intended; the pilo t was therefore specifically instructed , as he

approached some of these situations , to ignore the inadvertent

warning. Although this procedure was undesirable , since it probably

had some in terac tion wi th his rea ction to other warnings , it appeared

- 
to be the most workable and expedient solution to the problem .

These inconsistencies in the conditions under which the four

planned warnings were generated had the following effects :

a. The visual cues , and the timing of the warning relative to

these cues, were not constant.

b . The aircraft flight vector and position were not constant.

c. The impending crisis to be recovered from was not constant.

Any attemp t at precise comparisons would therefore be suspect.
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SIMULATION FIDELITY

Two areas of simulation had insuf f i c ien t  f i d e l i t y  to guarantee

meaningful  results.  The radar al timeter simula tion , which was a

state—of—the—art facility specifically produced f or this study , was

still liable to produce occasional erratic outputs as a result of

its sensitive nature and the heavy filtering used to compensate for

this. Thus, it is possible that not all warnings were generated at

precisely the correct time to simulate a real CPWS. No quantitative

assessment of this problem was attempted.

The second p roblem was in the visua l cue s available to the

pilo t, which were restricted by the 45° (diagonal) field of view of

the s imulator .  Mountain peaks were perceived by the subjects  to

disappea r below the f ie ld of view , and men tally dismissed as already

passed. From the a i r c r a f t  s a f e t y  po in t  of view this dismissal is

correct as the p i l o t  can cor rec t ly  assess he will  not h i t  the peak .

However , the GPWS , wi th  no forward looking fac i l i ty , will

subsequently “ see ” the peak below , and give warn ing .  If the peak is

500 fee t  below , and the groun d speed is 400 knt the warning may occur
up to 3 seconds a f t e r  the  peak disappears ; a t  lower speeds the time

will be commensurate ly  longer .  To the p i lot , who has now ceased to

consider the peak as a threat , this rates as a “nuisance” warning.

The 15° downward field of view is realistic , b ut more visual cues

out to the side would help hi l l to ~ sse5S the time of passing over an

ob jec t .

CONCLUSION

The comb ined e f f e c t  of these various problems caused the loss of

some data points and made others suspect in varyin g degrees. I t  was

therefore not considered legitimate to carry out a formal statistical

analysis, but a general trend assessment was made .

39

- - -~~~~  _



APPENDIX D

PILOTS COMMENTS ON VFR MISSION

I.  COMMENTS ON AND SUGGESTIONS FOR WARNING SYSTEM:

A. PRO

“Warning system was O . K .  but  it woul d be help ful  to know
what approximate l imits are required to set it o f f  and safe ly
‘escape ’ . ”

“... Would like an ind ication of the type of warning
indica ted , I.e. too low, sink rate, etc.”

“... Would poss ibly like to see three separa te forms of
warning, e.g., voice: PULL UP/LEVEL OFF/GO ROUND .”

“... The too rapid descen t signal should be d i f f e rentia ted
from the too low signal .”

“The system could be made useful particularly in weather
or instrument approaches to strange fields .”

“System could be useful as a warning system in the F—ill
or similar aircraft , b ut not as mean s of cond ucting low—level
terrain avoidance flight.”

“The most useful time for the warnings seems to be durir4g
take—off and landing , but during high—speed phases I have doubts

- about its usefulness because it does not look ahead of the
aircraft.”

B. CON

“There were several warnings that occurred when I felt
the aircraft was well within the envelope of safe clearance
considering the maneuverability of that type of aircraft.”

“A sys tem tha t cries ‘wolf’ too of ten will be ignored; and
the system seemed to give warnings too often , especially during
landing approaches as compared with visual information .”

- - maybe a longer time delay between an out—of—envelope
condi tion and a warning signal would reduce the warn ings caused
by momentary pitch inputs.”

- .  landing warnings in VMC are not necessary—couh’
dis trac t dur ing visual appr oaches or dur ing VMC f l i ght. ”
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I
I

“Th is system is a duplication of the TFR and can ’t be
used fo r TFR f l i ght missions .”

‘It could be of some use; however , exis ting warn ing
systems tend to make the addition of this cost—prohibitive .”

II. SUMMARY OF SUBJECTS WHO FELT THEY RECEIVED WARNINGS THAT WERE :

unnecessary—li out of 12 subjects , in situa tions such
as low altitude approach , slow descent over the desert and clearing
some terrain.

too early— 6 out of 12 pilots said “yes” for reasons such
as during rapid rates of descent and flying over some terrain .

too late— only one subject thoug h t a warn ing was too late
I believe it was when we approached a moun tain top and an

excessive rate of pitch up was required to stop the (voice) warning .”

III . COMMENTS RECEIVED ON THE THREE TYPES OF WARNING (LIGHT, TONE ,
VOICE) AND COMBINATION OF THE WARNINGS:

LIGHT

A. P~ O

“Prefer the visual warning.”

“I like l ight better than the tone , it was more effective .”

“The light warning is in a good location .”
“ ... light better cue than audio due to faster response

especial ly during IMC to a visual cue Li gh t alone may be
missed -

Light location good—in F—ill the location could be confused with TF
fail light , but both require the same response . For a single
warning I fe el l igh t is more ef f e c t ive due to my tendency to respond
to visual cues more rapidly than audio (ones).”

“Did not encounter light , but feel it would be more
dis tinct ively identifiable than aural signals. . . .  visual signal
such as in simulation is much preferred in my op inion because it is
immediately identi f ied as a terrain avoidance signal so p ilot ’s
response is probably much quicker.”

B. CON
“I did not respond to the light at the time even though I

consciously saw it.”
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“. - . red lights in cockpit scare fighter pilots. Blinking
or steady red lights in cockpit cause distraction when attention
should be outside the cockp it.”

“Warning light not always noticed when it came on while
f l ying visually.”
TONE

A. PRO

“Liked this best , however type of tone should be changed.
Sounds too much like an emergency beeper. ”

“I liked the tone . . .  should be loud enough to “wake you up.”
“Tone warning seemed to get my attention quicker at first.. .“

B. CON

“I think the tone should be louder and used in conjunction
with the light.”

“Aural signals in general can easily be masked out by
in tercom , UHF communication , RHAWS warn ings , gear warning, aircraft
noise , etc. (Particularly in a combat environment.)

.. could be easily confused with the emergency beeper on
personal locator beacon .”

VOICE

A. PRO

“Voice is better than light expecially in landing phase.”

“Liked this signal the best because it is enough different
from all other aircraft warnings to get your attention quickly.
Unecessary warnings could defeat this advantage though .”

“... always noticed — good attention getter ... rega rdless
of c i rcumstances .”

B. CON
change the voice that recorded it! It sounded too much

like a robot and it got on my nerves.”

“Voice not preferred due to large number of other UHF
communications in a combat environment.”
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did not trigger a response at first because of
similarity to radio/interphone transmissions. A female voice or a
combination of tone/voice might have been better .”

COMBINATIONS
“Both warnings (light and voice) together are effective .”

“Tone and light good for last chance warning, i.e., tone
only in cau tion area , then light also when terrain gets very close .”

“The aural tone and light combination are good (built—in
backup and calibration).”

“Ought to have both audio and visual “PUL L UP ” warning come
on at the same time .”
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APPENDIX E

PILOTS COMMENTS ON IFR MISSION

The following are comments made by the pilots during the actual
running of the IFR portion of the simulation . The subje cts were
instruc ted to commen t on each warn ing as they rece ived it , i.e., was
it valid , a nuisance , inconsistent with the TFR pitch command .

“ .. .  That was very confus ing , ground proximity  is telling
me to pull up and an opposing point  of view from the TFR p itch
command tel l ing me to pi tch down .”

“Two conf l ic t ing  points  of view and a person will tend to
ignore one or the o ther . ”

“... change parameters so a warning won ’t come on as often .”

“TFR doesn ’t give you any warning because it looks ahead
and knows the g l i tches in the radar a l t imeter  are only temporary. ”

“No indication of radar al t imeter  dropping but  we are
get t ing warnings .”

“Warning ground prox imi ty  is g iving me information that TFR
is not , but  need t ra in ing  to see what the warning means .”

“these (warnings)  are all r idiculous since I ’m gett ing the
pitch down command on the TFR .”

“I was in an 80° cl imb and I still got a warning.”

“it (warning)  turns  on at 500 feet  and TFR is set to f l y
at 400 f e e t . ”

“ .. . ignore the system , the GPWS is annoy ing .”

“Warn ings  are very d i s t r a c t i n g  wi th  TFR .”
“Sink ra te  warning  is coming on. TFR ignores sink rate

directly .  I t  is radar  ra te  fo r  TFR . False warnings should be
eliminated with TFR set on sof t  ride .”

“no good reason for  that  one . ”

“yes , we were closing then .”

“go ing around corners  seems to t r igger  a warning . ”
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