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p SUMMA RY

Wh ile the technical feasibility of utilizing automated and

ii4 a~i ti v e training techniques for  g round  ba sed av ia t ion p i l t

tr .li nlnq has been demonstrated , the actual applications to

r>e r~~tional training objectives have not been investigated .

This study was directed to the analysis of the mutual impact

O~ r-irren t basic instrument flight syllabi in use at Nava l

p115 )1 trainin g squadrons and the advanced training techniques.

The Advanced Jet Training Syllabus was selected for analysis

a nd demonstration utilizing the TRADEC R&D simulator at the

a vul Training Equipment Center.

The analysis of the syllabus resulted in the need for several

new modules and methods for implementing automated-adaptive

t r a ini ng .  These included :

• Task segmentation - for automated control and

objective performance measurement.

• Three types of performance measures -

C l )  Procedures measures  ~;h ich sample t a sk

knowledge or cogni t ive  performance .

( 2 )  Control  measures which sample p sycho-motor

performance.

( 3 )  Task measures which sample o p e r a ti o n a l

performance.

• Sub-syllabus development - for  t r a in ing  on spec i f i c

sub-tasks.

A representative set of the precision and confidence

maneuvers analyzed was selected for demonstrations and

implemented on the TRADEC simulator.

1
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N MTTRAEQUIPCEN 74-C-0141-l

Air-to-air attack (stern conversions) were also analyzed

and imple mented using the same techniques.

The demonstrations were successful and it  was concluded
that the approach should be evalaated on an operational training

simulator such as Device 2F90. It was recommended that the

potent ia l  fo r  improved syllabus contro l u t i l i ziny  the new
approache s to performance measurement , sub-syllabus branching ,
and task segmentation be explored .

Fin a l l y ,  the importance of properly desi gning  the ins t ructor
i n t e r f a c e  to manage a t ra in ing  system with the advanced tech-
niques was stressed .

2
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FOREWO RD

Since 1969 , the Human Factors Laboratory of the i’~aval
Training Equipment Center has sponsored the development of an

automated and adaptive f l i ght simulator t ra in ing  system, and
the present report is one of a series that documents the auto-

mation of flying situations for that system . To date , the

system can provide training on basic confidence maneuvers , GCA

and ILS approaches, and air-to-air attacks; ari d two evaluations
or these developments have taken place - one at the under-
graduate  pilot  level and one at the advanced level. Tne pres-
ent work has extended the capabilities of the program ’s basic

instrument maneuvers section by inàorporating recent develop—

merits in performance measurement , syllabus structure, and
adaptive logic - all in the context of the Advanced Jet Syllabus .

Our next effort will be to assess this development using

tue ‘i’P.IWEC research and development simulator , with the results

of that work guiding the adaptation of the system for an opera-

tional flight trainer .

~~~~~~ y- _~~~~ ~
IRA GOLDSTEIN
Scienti f i c  Of f icer
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SECTION I

INTRODUCTION

BACKGROUND

Beg inn ing  in 1971 , the Naval Training Equipment Center

undertook a sequence of studies to demonstrate the conceptual

and technical possibil ity of exploiting advanced training method-

ology and simulation technology , especially computer related

technology. Three initial studies involving simulation training

were undertaken . The first was directed to a general fli ght
task - the Ground Controlled Approach . ’ The second was directed
to a student training task - basic flight maneuvers. 2 The t h i r d
was di rected to an operational training task - air-to-air missile

attack .1 The studies were successful and demonstrated that :

a. The state-of-the-art of computer software and hardware

technology was not constraining the application of advanced simu-
la tion training techniques.

b. Automated simulation training was possible inc luding the

basic training functions of :

(1) Simulator initialization .

(2) Training session monitor and control .

(3) Objective performance measurement .

Cha r les , John P. and Johnson , Robert M. Automated Train~~~
Evalua tion (ATE). Technical Report NAVTRADEVCEN 7O-C-0l3~ -1 ,
Naval Training Device Center , Orlando, Florida . January 1972.
7Charles , J. P., Johnson , Robert M., and Swink , Jay R. Auto-
mated Flight Traini~ g (AFT)fl~ strument Flight Maneuvers~~Wch-
nicaF~eport NAVTRAEQUIPCEN~ 71-C-02O5-l, Naval Tra1n.~-rT~~ Equ1p-
mont Center , Orlando, Florida , February 1973.
3Charles , John P., Johnson , Robert M., and Swink , Jay R.
Automated Flig~ht Training (AFT) Gd/d C .  Air Attack. Technical
Rep~~~t NAVTRAEQIJIPCEN 72-C-0108-l, Naval Trafning Equipment
Center , Orlando , Florida , 1973.

9
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NAVTRAEQUIPCEN 74-C-0141-l

(4) Adaptive syllabus structuring .

(5) Human air controller modeling and simulation .

( 6 )  Aircrew modeling and simulation .
(7) Basic instructor function modeling and simulation .

(8) Training management including syllabus control and
student  records.

c. Automated—adaptive training appeared acceptable to

pilots.

d. Potentially significant savings in training time could
be achieved through adaptive training .

e. Considerable unburdening of the instructor could be

achieved with attendant saving in instructor personnel and train-
ing requirements.

In short, the studies opened a wide area of potential en-
hancements to simulator training . The studies also highlighted

the lack of required research data in certain areas such as per-

formance measurement and evaluation , instructor functional ob-
jectives and adaptive training algorithms.

EARLY STUDY LIMITATIONS

The early laboratory studies of automated-adaptive training

techniques were directed to exploring the concept, resolving risk

development areas , developing usefulness data and demonstrating

the technical and implementation feasibility . They addressed

primarily the areas of objective performance measuremen t, adaptive
scheduling, automated training and the modeling and simulation
of human controller and instructor functions. Being Research

and Development (R&D) studies, only those training system compon-

ents required for the demonstration were developed. Therefore,

the studies did not involve the development of a complete or

10
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operational training system .

In particular , the following components or t r ~~i n in ; s~~i -

t ;yst ems were not developed beyond m i n i m u m  f u n c t ion a l  or in t o  r-
face requirements .

• training syllabi

• performance c r i t e r i a

• student training f i l e s

• learning objectives

• student briefing/debriefing

In addition , the use of a laboratory general purpose resv-ircn

and development simulator precluded specific weapon system a~ipl~-

cation and training evaluation since :

• only a generic simulator was used

• few students were available

• no instructors were ava ilnble

The syllabus utilized in the GCA study, for  oX ~ir i C , was

desi gned to explore the automated adaptive mechaniza~~iun , n~~
to train student aviators in GCA approaches. The “instructor

i n t e r f a c e” used included on ly  the d i sp lays  and c on t r o l s  cess~~~~
to initiate and monitor the “breadboard” automated adapt ivu

system.

The performance measures developed tor the R&D studies wore

relat ively simplistic measures designed tc “ or m i t  a d a p t i v e

scheduling within the syllabus which i tself was generi .c  in n a t u r ~~.

The adaptive algorithms were desi gned to demonst ra te  the f -asi-
b i l i t y  of on—line syllabus res t ructur ing and the s t a b i l i t y  of
such restructuring. The adaptive var iables  or d i f f i cu 1ty f ac tor s

u t i l i zed  reflected the simulator capabilit ies and generic nature

of the syllabus.

-
- 11
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I n : ;ho r t  , he R & D  n y st e m  w i n  ~it ’siqned t “ t x i - r c  i S O ” t he

‘ co- . ’ i  1 v t l ~~p m e n t  s t o  achit ve t n  r o q u l r e u  hemons  r~t t i o n .

I }-;TJ) IM ~
;T}-~A’:’ IONS

The~ o~ 4 ’r i t nal ac cep t ah i  l i t  y ~ n~i t hc ;isefnlnoss O~ H~e

~ o v O c v : t r i i f l l n q  concept s w o r f l  e x p l o r e d  in ~~~~~ ~t ~C ] O S , ~~flC by

0 L .  S. Ndvy 100 one hy the  U .  S. A i r  Force .

~ t h u~ i I i . ’ :  tho  - ‘A t o-o-~ f o r  the e v a l u i t i n .  In  .-~~~~
- r e —

p t  t of tne N i v y  ev~u 1 u a t  io n s  at NAS Chase F i e l J  ~t i l i z i n ~ t r i i r —

i n ~~ )t~v L ~~ ‘~0 ( T A —4 3  Op e r J t  i n ~~l F l i ; h t  T r a i n e r ) ,  P u i c ’

c”>nctu~~.~~i t h ~i t  the u s e f u l ne s s  an fe i s ib i l i  t y  were  est.ibl ir ;he~.i

in t h . - r e p o r t  o~ t h ~ U. S. Air Force e v a l u a t i o n  in v olv in g an

~ — 4 ~ - . ~~- p o : o  Sy st  • - m  T r i i n e r  ~r it iu k~ A i r  Force  I- iso , Br own s

h~i t  t : o  tochn i Ho:; p r u ’:choi an “effective sy s t e m  ~or

r i m  1. n~~ h A ’ s. “ Bot h stuli es pointed Out  some s h o rt  ror~ n~~s in

t n ~ sys t ~~m m~ ~t - r t ! , especially the l i n i t e i  n at u ~ o~ “h e  “a~-~

~~
‘ i i  i Z ’ - i , t ~~~~~

- :~~n d  ~~oi more  dat i on t h e  t r a m n i n q  ~e i t u r e s  i n —

v~~ i ’ ’ , i  ,n ~~ r ’~~ u i r e m e n t n  f o r  improved  s y l l i b i  0 1  i : i p ’  ive v~i r i —

~i I Os.

ThL - -.L) St  u~ i t - s ~i i ; i f ii ld demonst  r a t i r. s Oi  t no C nci nt s

1~~~~~t ~~~~~~~~ ~~ , r t  i n t p t  i v ~~ r ii ni n ; ha’_re pr ’:n c e~~- :  ~il ir d tt ch—

tilc . 11 fe.ini hi li ty as w &-ll is qunora l accent O i l i  1ri ~ ,;~e f n ~~nt ss.

T:~o shor t  - o n i  nqs of the “ sys tems ” to J~~t ‘ t i  I ‘~~~~~ the -~ - r o n s t r i —

or, n i t  u n -  of the developments rather than . in y  h,isic p r o ul e m s  or
l t m i t i t i o r i s  i n  the concept . -

P u i g ,  Joseph A.  and Gill , Susan , Evu l i - i t i n  i t  u i  A u t o m a t oh
F l  i~~~ t Tra in ing System, in 8th NTEC7Thdu~; t r ~~ Cunferortce Prococjings
l8-~~ November 1975 , Naval  T r a i n i n g  Equ ipment C e nt e r , Orlando , FL,

L~’P. 7 7 — 8 8 .
Brown , James E., Waag , Wayne L. and Eddowes , Edward E., USAF Eval~u a t i o n  of an Automated Adapt ive  F l igh t  Tra in~~~~ ~~‘n t o r n , ~~~~~pp. 8 9 — 9 9 .
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SECTION II
PROBLEM

; - :NE RA L

As reviewed in the I n t r o d u c t i o n , the sequence of e a r l y

S t i I 1 OS  w h i c h  succes s fu l l y  demons t rated  the automated  and adap-
t i v e  t r a i n i n g  technology u t i l i z e d  v e r y  l i m i t e d  t r a i n i n g  t a s k s

1 s i m pl i t i e d  t r a i n i n g  system . The impact  and the r equ i re-
men~~

,; ot a comprehensive operational training syllabu s on the

i utoma t ed- :idaptive approach remains to be determined before

:;pec ifications for implementation on future WST’s c m  be pre-

p i r e l .  The re fo r e , the purpose of the stud y was to explor e the
mut ua l impact of current basic instrument fligh t syllabi in ~se

i t  tr aining squadrons and automated—adaptive instruction tech-

noI~~~y. The study was also extended to include air-to-air

it t ack training .

OhJECT IVES

The ob jec t ives  of the s tud y were to a n a l yze  t h e  c u r r e n t  in-

st rument training syllabi for fixed wing high perform ance air-

cr u f t and the role of the simulator in support of the syllabus

u r i  to develop and demonstrate the app tication of automated-

adap tive technology to the sy llabus using the TRADEC facility

at the Nrmva~ Tra ining Equipment Center. It was recognized that

the demonstration would involve a subset of the overall syllabus

‘runt i t i b l o  with the TRADEC. The expanded air-to-a~ x attack

syll abus wus also demonstrated.

13/ 14
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SECTION I I I

METHOD

GENERA L

A g e n e r a l  systems eng ineer ing  approach was u t i l i z e d . Five

basic tasks were identified and undertaken. The five tasks were:

• ( 1 )  Task A. Sy l labus Analysis  and D e f i n i t i o n .
( 2 )  Task B. Tra in ing  Desi gn.
( 3 )  Task C. I mplementa t ion .
( 4 )  Task D. Demonstration .
( 5 )  Task E. Documentation .

The five tasks were constructed to capitalize on the results

of the earlier studies, especially in terms of software develop-

ments.

TASKS

Several sub-tasks were undertaken for each major task . They

are briefly reviewed below:

TASK A.  ANALYSIS SUB-TASKS . Sub-task one was concerned w i t h
iden t i f y i n g  and a n a l y z i n g  basic ins t rument  t r a i n i n g  s y l l ab i  and
th e lemonstration constraint data .

The instrument training syllabi reviewed and analyzed re-

flected three different levels of training , namely pilot training
sy l l ab i , replacement instrument training syllabi , and readiness
training syllabi . The pilot training syllabi included the basic

jet training syllabus (T—2 aircraft and Device 2F-lOl OFT

syllabus) and the advanced jet training syllabus (TA-4J aircraft

and Device 2F90 syllabus). The replacement instrument training
syllabus (TA—43 aircraft) provides the basic instrument training

for replacement pilots before beginning transition training .

Two readiness training syllabi (F-43/Device 2F88 and F-14A/

15

— 
,T: ~~~~~~~~~~~~~~~ - - - 

.~~~~~~~~~~~ 



NAVTRAEQUIPCEN 74-C-Ol4l-l

Device 2F95 syllabi ) were reviewed. Instrument training at the

Readiness Squadron level was considered to be the las t f or n~~l
instrument training provided pilots.

The advanced jet syllabus and the replacement instrument

t r a i n i ng sy llabus were analyzed in detail since they contain the

most demanding requirements in the pilot training program and

in the replacement or readiness training program. Furthermore ,

the same aircraft is involved (TA-4J). Thus , both the training

objectives and the criteria could be directly compared.

The demonstration constraint data analysis was concerned

with the implementation and demonstration capability of the

TRADEC system. The TRADEC includes a motion platform , and a

qi niural cockpit with only basic flight controls and instru men ts.
No radio navigation aids are available .

Sub-tasks two and three of the definition and analysis task

involved the development of the detailed training course require-

ments and the identification of the sub-set which could be imple-

mented and demonstrated on the TRADEC system.

TASK B. DESIGN SUB-TASKS. The second major task involved the

design efforts. Two separate sub-tasks were undertaken. The

tirst was concerned with the design of the syllabus; the second

with the design of the software.

TASK C. IMPLEMENTATION SUB-TASKS . Two sub-tasks were utilized
to implement the design . The first involved the development of

the computer program. The second achieved the integration and

checkout of the system including the special cockpit and instruc-

tor station displays.

16
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~‘~~;K D. OEM ONS P R A T I O N  SUB—TASKS. Two sub—tasks w r o u; d r t m r n r .

t o t  the demonstration tasks . The first involved tout of the sys—

tern to tb  design criteri a ; the second invo lved the demonstr -~t ior

o’ t in tr atn ing system with a “ student” in the cockpit. It in-

cluded exorcising the capabilities of the design.

TASK I: . DOCUMENTATION SUB-TASKS . The final t a n k  i nvo lved  locu-

m~~: i t i t  ion and p r e p a r a t i o n  of the f i n a l  t e c h n i c a l  r epo r t .

-~~~~~~~ 
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SECTION IV

RES ULTS

ORGAN I ZAT ION

The results are prE sented in terms of the major analysis and

design efforts conducted ; specifically they are:

a. Syllabi Analysis

b. Instrument Flight Maneuvers Training Requirements

c. Demonstration Constraints

d. Function Analysis

e. Demonstration Design

• Syllabus Design

• Performance Measurement Design

• Adaptive Schedule Design

• Feedback Design

• Student Display

• Instructor Terminal

• Instructor Model

• Student Records

• Otner Sub-systems

• Air-To-Air Attack Design

f. Demonstration

SYLLABI ANALYSIS

Five training syllabi were reviewed in detail. The five

are the syllabi utilized in the Navy high performance jet pilot

training program from Basic Jet Tra ining through Replacement
Training. The five syllabi reviewed were:

(1) Basic Training (Jet), T-2A/B/C - Naval Air Train-

ing Command .

(2) Advanced Training (Jet) , TA-4J - Naval Air

19
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Training Command .

(3) Replacement Instrunent Flight Training - V F- l2 6

NM Miramar.

(4) Replacement Pilot Training (F-4J) - VF 121

NAS Miramar.

(5) Replacement Pilot Training (F-l4A) - VF-l24

NAS Miramar.

The flight maneuvers identified in the syllabi were grouped

under four categories:

(1) Basic Flight Maneuvers

(2) Precision Flight Maneuvers

(3) Confidence Flight Maneuvers

(4) Oth ~-r

While somewhat arbitrary , the categories are commonly used

throughout the Navy and also by the Air Force , Army and general

aviation . They reflect a generally increasing skill requirement ,

i.e., proficiency in basic flight maneuvers is required for pre-

cision and confidence maneuvers and training in precision maneu-

vers typically precedes confidence maneuvers.

U. S. Air Force syllabi for T—37 , F-4E, F-h I, and A-7D

training were also reviewed . In general , the iz~strument maneuvers
training parallels that utilized by the Navy.

The maneuvers analyzed in each category are listed in Table 1.

It also identifies the syllabi or pha se of training in which the
maneuver is utilized .

20
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TABLE 1. MANEUVERS BY STAG E OF TRAINING

BASIC ADVANCED RTS READINESS
MANEUVER JET JET INSTRUMENTS SYLLABUS

BASIC

Straight & Leve l x x
Basic Transitions x x x
Climbs & Dives x x
Constant Speed

Cl imbs  & Dives x
Con stant  Speed/Rate

Constant Angle Banks x x
Standard Rate Turns x x

Climbing Div ing  Turns x

PRECISION

Turn Pattern x x x

Vertical S-h x x x

S-2 x x

S-3 x x
Yoke l x

CONFIDENCE
Aileron Roll x x x x

Wingover X X x X

Barre l Roll x x x

Loop x x x

H a l f  Cuban Eight  x x x X

I mznelmann x x x X

Spl it-S x x

• Squirrel Cage x
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TABLE 1. MANEUVERS BY STAGE OF TRAINING ( c o n t . )

BASIC ADVANCED RTS READINESS
MANEUVER JET JET INSTRUMENTS SYLLABU S

OTHER

Approach to Stahl x x x X

Unusua l Attitudes x x x x

Standard Instrument x x x X
Departure

Penetration x x x x

The table shows the general progression and concentration on

more complex maneuvers as training progresses. However , what is

not obvious is that simpler skills or maneuvers are practiced at

all levels since the more complex maneuvers are combinations and

sequences of the simpler tasks. This holds true even at simple

levels. For example , basic transitions which are speed changes,

require the ability to maintain straight and level flight .

Furthermore , while basic maneuvers are not utilized as such at

the readines’- training squadron level, related but less struc-

tured training missions are scheduled to explore the aircraft ’s

handling characteristics. However , they are not identified as

specific flight maneuvers nor do specific performance criteria

exis t .

Basic Jet Training instrument maneuvers consist primarily of

the following instrument flight tasks:

a. Straight and level fligh t

b. Basic transitions (speed and altitude)
c. Constant rate/airspeed climb and descents

d. Constant angle of bank turns

e. Standard rate turns

1. Climbing/diving turns
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Precision and confidence maneuvers are also introduced.

These maneuvers integrate the basic skills acquired during prac-

tice of the flight tasks identified above . The maneuvers include :

a. Turn pattern f. Wingover

b. “S-I” pattern g. Barrel roll

c. “S-3”  pa t t e rn  h.  Loop

d. Yoke P a t t e r n  i .  H a l f  Cuban E i g h t

e. Aileron roll j .  I mmelmann

In add it ion , approaches to stall and unusual attitude re-

covery are demonstrated .

Advanced je t  instrument maneuvers includes practice of the

prec i s ion  maneuvers  and conf idence maneuvers , as well  as add i t i on -
al airways training (e.g., penetrations). The confidence maneuvers,

while representing furthe r integration of basic skills , are con-

sidered more a familiarization exercise than an acquisition of

specific skills. Thus, the performance criteria for confidence

maneuvers are relatively broad . The advanced jet instrument maneu-

vers include the following :

a. “S- i” pa t te rn  g. Loop

b. “ S— 2 ” pat te rn h.  Ha l f  Cuban E i g h t
c. “S-3” pattern 1.  Ixnmelmanrr

d. Aileron roll 3. Split-S

e. Wingover k.  Squirrel  cage
f. Barrel roll 1. Penetrations

Ground controlled approaches are introduced in basic jet and

practiced in advanced jet.

The different emphasis of basic and advanced jet is re-

Ilected in the syllabus organization . The stages in each

syllabus are listed be low . They are arranged to highlight the

similarities. The arrangemen . dot~.; not reflect acutal sequence
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of t r a i n i n g . As can be seen , where basic jet concentrates on

flight skills , advanced jet builds on these skills with more of

an operational orientation .

Basic Jet Advanced Jet

Eamil iarization (FAM) Familiarization (FAN)

Basic Instruments (BI) Basic Instruments (RI)

Radio Instruments (RI) Radio Instruments (RI)

Format ion (F) Formation (F )
Night  Fami l ia r iza t ion  (NF ) Ni ght Fami l i a r i za t ion  (NF )
Gunnery (GUN) Weapon (WEP )

Carrier Qualification (CQ) Carrier Qualification (CQ)

Airways Navigation (AN)

Tactical Formation (TACF)

Operational Navigation (ON)

Air Combat Maneuvering (ACM)

The operational phase of training represented by transition

or readiness training extends further the emphasis on operational

flying skills and the integration of the basic flight and

elementary operational skills developed in basic and advanced jet

training . The F-4J syllabus , for example, consists of four

stages.

(1) Familiarization

( 2 )  Radar Weapons
( 3 )  Data Link
(4) Electronic Warfare

A review of instrument flight requirements is conducted in

TA-4 aircraft. The emphasis is on TACAN navigation , penetrations ,

and approaches. The syllabus assumes the student is capable of

flying all precision and confidence maneuvers and h~s the basic

skills for operational transition. Precision maneuvers are

utilized for proficiency demonstration and confidence maneuvers

24
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f o r  a i r c r a f t  f a m i l i a r i z a t i o n. Per formance  c r i t e r i a  r e f l e c t

only airways or operational requirements rather than any part-

task or specific maneuver excellence . Demonstration of basic

knowled ge and f l i g h t  sk i l l s  in terms of safe f l ight is the

essential requirement.

Tnus , the overall instrument maneuvers training program can

~~~~~
- summarized as a sequential program . Basic sk i l l s  are taught

t strict criteria , then in tegra ted into precis ion maneuve rs.
Confidence maneuvers are then introduced and practiced to a

relatively high skill level. Once each skill is acquired ,

perfo rmance requirements are altered to reflect operational

criteria. Thus , the same degree of preci sLon required for a

TACAN penetration in the advanced jet syllabus is not a require-

ment  in  later transition training .

INSTRUMENT FLIGHT MANEUVERS TRAINING REQUIREMENTS

The advanced jet syllabus was selected for detailed analys~~’

and design since , (1) the maneuvers and criteria are well defined ,

( 2 )  the syllabus includes all levels of maneuvers , and (3) the

syllabus includes extensive support from a training simulator.

Fifteen flight maneuvers were analyzed in detail in terms of :

( 1) Def in i t ion  or Description

• ( 2 )  Basic Supporting Maneuvers

( 3 )  Detailed Procedures
( 4 )  Performance Criteria
(5) Potential Difficulty Factors

The f i f teen included Prec ision , Confidence and “other”

maneuvers. The basic maneuvers such as straight and level

flight do not form a part of the syllabus at the advanced jet

level . Append ix A contains the resul ts of this analysis .  It

forms thE basis for the automated-adaptive syllabus design .

25
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The goal was to identify quantitatively, the characteristics of

the maneuvers and thE~ flight procedures required to perform them .
These data were essential for the segmentation of maneuvers 4 or
automated control , for individualized or adaptive control , and
for student difficulty diagnosis.

The analysis concentrated on identifying relevant parameters

for each maneuver , their condition (steady state or dynamic)

within each segment , and their sequence throughout the maneuver.

For example , in the loop , bank and yaw angles are held constant -

deviations represent performance “errors” . The first portion

of the  loop is f lown at constant acceleration (G) , u n t i l  Ang le

of Attack (AOA) reaches a specified value . At this point , a

constant angle of attack is maintained until the specified G

level is again reached on the back side of the loop at which

point G force is again held constant until straight and level

fli ght is achieved. Thus, the maneuver can be logically de-

scribed in terms of steady state parameters and transitions

f rom one steady state to another. (Note: Rates can be and

are also utilized as steady state parameters.) The approach

takr’n closely parallels that arrived at independently in a

study of undergraduate pilot training tasks and skills. 6

The procedure and performance criteria identified in

Aupendix A reflect the TA-4J aircraft as utilized in the

advanced jet training syllabus. Comparisons of the procedures

and criteria utilized by the Readiness Instrument Tra in ing
Squadrons (also fly ing TA-4 aircraft) were made. As expected ,

the criteria utilized in advanced jet training are more precise

and demanding . The instrument training squadron utilizes basic and

‘ Meyer, Robert P ., Laveson , Jack I . , W eisman , Neal S. and
F.ddowes, Edwa rd E. Behavioral Taxonomy of Undergraduate Pilot
Tra in ina  Tasks and Skills: ‘Faxonomy Refinement, Validation and
~~~rations , Technical Report AFHRL-TR-74-3~ (III), Air Force
H uman Resources Labora tory , Flying Trainin g Division , Williams
Ai r Force Base , Arizona , December 1974.
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prec i s ion  maneuvers  fc.r example , p r i m a r i ly f o r  a i r c r a f t  f a m i l i a r -
i z a t i o n  arid verification of pilot skill level. As with the con-

fidence maneuvers , the requirement is for smooth and saf aLr-

craft handling rather than precise aerobatic performance. The

goa l of the readiness instrument flight training is to qualify

the  replacement p ilot fo r  i n s t r u m e n t  f l i g h t  i: cI not for aerobat ics.

In summary , the syllabi for the four levels or phases of in-

strument fli ght maneuvers training were analyzed . The advanced
jet training syllabu s was selected for use in the study since it

utilizes the broadest ranges of flight maneuvers , that we re nere

precisely d e f i n e d  and i n c l u de d  simulator training objectives.

In addition , the syllabt s maneuvers required , literally overlap

all the other syllabi and thus, in fact, provide a comprehensive

set of maneuvers for advanced training application demonstration .

The detailed requirements are presented in Appendix A.

DEMONSTRATION CONSTRAINTS

The demonstrat ion was implemented on the TRADEC system at
the Naval Training Equipment Center. The system and the basic

constraints involved have been reviewed in earlier studies of

automated-adaptive training, e.g., Charles.7 A sophisticated
graphics disp l ay capability has been added with one display

in  the cockpit (mounted on the glare shield) and one at the

operating console. In general , the constraints of importance to

f-hi s demonstration include :

• no visual simulation capability

• no radio-NAV aids simulation

• F-4 flight equations

1Charles et al , op. cit., 1972.
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• limited computing time (i. -
~~~~~~~~~~~~~~~~~~~ . . - - :  ‘yc :~~ ‘ i — )

• limited computer memory

In addition , the exis ting graph ics dis~ I ~~~~ . - , - 
• ‘ r , ;oice

gener at ion capab i li ty and s imula to r  and com~~. • ~~irL~J Cr r-

soles were utilized . These factors are not c-~~~~~ ~
straints on the demonstration results , but r~ ‘ -r j ef Ln e  the

tramework for the study. The TRADEC system is an ~~~~~~~~ tool and

provides a useful device for this type of study .

FUNCTION ANALYSIS

The design and implementation of the Basic Instrume nt F light
Maneuvers (BIFM ) training package was systematically undertaken

utilizing the advanced jet syllabus within the constraints of

TRADEC. A basic system engineering approach was utilized.

Following the requirements and constraints analysis , a function

analysis was conducted. Figure 1 i l lus t ra tes  the basic func-
tions involved . It reflects the demonstration requirements for :

(1) An expanded syllabus reflecting advanced jet in-

strument training requirements.

( 2 )  Advanced performance measurements.

( 3 )  Enhanced feedback techniques.

(4) Improved student records.

(5) M improved instructor interface.

These fea tures, while within the state—of-the-art, represent
new developments that require demonstration and in some cases

validation to achieve training goals.
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A function analysis is a basic system design step. It

lecomes even more important when feasibility studies are in-

volved , especially where the test platform differs significantly

from the ultimate operational platform. It is important, for

example , to identify the features which require demonstration or

evaluation and tc assess the impact of the test conditions (or

the feasibility demonstration) on the results. The following

sections review the system functions and func tion flow. Several

assumptions are inherent in this function analysis.

Assumption (1) The student has acquired basic flight skills

and is prepared for the instrument flight maneuvers stage of

training. Thus, the training can concentrate on the instrument

maneuvers and the exercises can be initialized at the instrument

maneuver entry condition .

Assumption (2) The parameters required for performance

measurement are readily available and can be sampled with the

required accuracy .

Assumption (3) The simulation facility provides voice

and graphics display capabili ty for both the student and the
monitoring instructor.

FUNCTION A. INITIALIZE. The first function involves the

initialization of the system. Three sub-functions are involved .

The first is concerned with identifying the student and creating

or retrieving his training file. The second sub—function in-

volves set-up of the system. This requires retrieval and

implementation of the maneuver entry conditions. The third

sub-function involves briefing the student on the training

syllabus and in particular on the requirements for the next

maneuver. The following initial conditions are assumed to

exist:

30
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( 1) The simulator  is fu n c t i o n i n g  and a l l  requ i red
equipment is operating or in a standby mode.

(2) The student is seated in the cockpit.

(3) The s tuden t  has s ta r ted  the engines  and estab-
lished take-off configuration .

FUNCTION B. CONDUCT EXERCISE. This function is concerned with

monitoring and scoring the students ’ performance . I t  beg ins w i th
the unfreezing of the simulator and t e r m i n a t e s  at  the eri d of the

exercise with the freezing of the s imula tor .  The f o l l o w i n g  sub-
functions are involved :

(1) Monitoring a brief “free ” f l ight period while
the student achieves satisfactory control of the a i r c r a f t  and
meets maneuver entry conditions.

(2 )  Detecting s tar t  of the maneuver.

(3) Initiating control and procedures monitori:~g and
performance sampling.

(4) Detecting unacceptable control , crashes or co r~-
ple tion of the exercise.

(5) Outputting of relevant data to the operator/
instructor terminal.

(6) Freezing and resetting of the simulator after
completion of the trial or a crash or exceeding the training
en velope .

FUNCTION C. SCORE. The key to adaptive training is objective

performance measurement and the generation of a score(s) for

an algorithm for restructuring the course based on the measured

performance. As demonstrated in the earlier studies of adaptive

• training , the measure(s) and score(s) required for this objective

need only be effective in restructuring the syllabus to meet

adaptive objectives. However , performance data ar e requ ired for
other t ra in ing  funct ions , namely , data for student feedback and

for the ins tructor. Student feedback requirements include in for-
mation both on error or mistakes and on progress towards the

31
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crkterla. The instructors ’ requirements are more extensive and
include the information provided the student (with supporting

data) as well as descriptions of his problems and control be-

havior. Thus, three types of performance data are required :

(1) Criteria oriented measures.

(2) Procedures oriented measures.

( 3 )  Contro l input  or iented measures .

The c r i t e r i a  measures address the var iab les  tha t  describe

the tasks involved in operational terms.

Procedures measures address the variable that define the

technique which should be employed in the execut ion of the t a sk .

Control input measures address the variables that describe

both the control strategy utilized and the perceptual-motor pro-

blems involved.

The three types of measures are obviously highly interactive

but. are essential to meet the three requirements of student feed-

back , instructor information , and adaptive syllabus control.

FUNCTION D. GIVE FEEDBACK . Providing knowledge of results to

the student is basic to efficient learning. Two types of de-
briefing information are required. First , and most important ,

the student must know what he did wrong, particularly his pro-

cedural errors. For example , a loop cannot be successfully per-

formed if entry speed is too low. The student who didn ’t know

the proper entry speed might never be able to perform the loop
regardless of the amount of practice. Thus, feedback on errors
involving knowledge will be essential to instrument flight maneu-

ver skill acquisition .

The second type of feedback involves providing information
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-ibout quality of performance . The value of this kind of feed-

back (knowledge of results) is well established. The distinction

h-t ween “how to” (procedure ) and “how well” (quality) is made

primarily for practical reasons. These two types of feedback data

are generated f rom different performance measures , i.e., ‘how to”

feedback is der ived from procedure measures and “how well” feed-

t ack from system and control scores.

FUN CTI ON E. SELECT NEXT EXERCISE.  Adaptive training requires the

adjustment of the exercise difficulty to meet the studen ts ’ learn-

ing rate or progress. The syl labus  must  t he re fo re  be r e s t r u c t u r e d

o n - l i n e  as a func t ion  of previous performance . The basic algorithm

to accomp lish this adjustment provides for both progression and
regression through a detailed syllabus of increasing difficulty.

Since instrument maneuvers require the integration of sub-skills ,

the adaptive syllabus actually took the form of a “nested ” course
whcre sub-syllabi are available for trainino in prerequisite sub-

sk ills for each maneuver. The maneuver specification (Appendix

A ) outlines the maneuver elements and supporting skills.

Since the instrument syllabus consists of a sequence of pre-

cision and confidence maneuvers , the adaptive algorithm must ir-

sure c r i t e r i o n  performance on each maneuver as well as precluding

regression to already acquired maneuvers when they are not part of

the supporting syllabus.

FUNCTION F. RECORD DATA. Three types of records are needed for

effective automated adaptive training :

(1) Student performance record. A computer accessible

~
- ‘cord of student performance is necessary for adaptive control as
well as for identification of the student and his status at the
beginning of each training session.

(2) Student training records. A hard copy or other
relatively permanent record of each student is required by the
training activity .

33

- - - ~-



NAVT RAEQUIP CEN 74-C—0l4 1- l

(3) Debriefing data. Flight instructors normally de-
brief the student following each training session . Debriefing in-
formation ranges from annotated flight track histories to proce-
dure  and  p e r f o r m a n c e  summ ar ies .  In  a d d i t i o n , the instrun~: r  ~:-
pi call y wants “memory joggers” to aid his critique of the students’
performance.

While not identified as a separate function , overall train-

inq control ~s a basic function . Some of the many “ housekeeping
functions ” which are necessary and implicit in the functions out-

l ined in Fi gure 1 are :

(1) Determining end of training or session .

(2) Control of basic simulator including motion
p l a t f o rm.

(3) Monitoring of aircraft configuration and sub-
systems.

(4) Interfacing with operator/instructor.

The details of the housekeeping function are specific to

each training system.

Figure 2 is a system function block diagram of the advanced

training package . A detailed analysis of the functional require-

ment was completed and a training function flow chart developed .

Appendix B contains the basic and second level function flow.

DEMONSTRATION DESIGN

The demonstration system developed is reviewed in the follow-

ing sections. The details are contained in the appendices.

While the following paragraphs make the effort to appear as a
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sequence of discrete design tasks, it should be borne in mind
that all of the tasks interacted and the design effort was in

f a c t  a sing le and iterative process. For example ,. maneuver

segmentation depended on performance measures and procedures

measures which were themselves constrained by TRADEC capability ,

etc.

SYLLABUS DES IGN

A detailed training syllabus was developed for the demonstra-

tion system . Since the demonstration “stud.ents” need not be

f a m i l i a r  w i t h  the TRADEC System , a short f a m i l i a r i z a t i o n  sy l labu s

was also developed to indoc t r ina te  the student on the TRADEC

cockpi t  and fl ight procedures. Appendix C contains the TRADEC
familiarization syllabus.

T’ e maneuvers selected for the demonstration system consisted
of the following precision , confidence and air-to-air maneuvers.

a. Precision Maneuvers

(1) Turn Pattern (3) Vertical “S-2”

(2) Vertical “S—i” (4) Vertical “S—3”

b. Confidence Maneuvers

(1) Aileron Roll (3) Immelmann

(2) Loop (4) Split S

c. .‘ ir - to-Air  Maneuvers
(1) Beam Attack (3) Head-on Attack

(2) Forward Quarter Attack

A set of eight variations for each of the eleven maneuver

types was developed. The variations were defined by different

aircraft weights , turbu lence , speed , altitude and maneuver entry
direction , i.e., headings , turn directions or climb or dive. The

eight variations are in general arranged in order of increasing

difficulty based on pilot opinion and previous study results.

Appendix C contains the complete syllabus. Appendix P describes

the controller model used in the air-to-air maneuvers.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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The pe r formance measurement tech n ique , dev loped And d L s c~~~;-

sod in the following pages , involved the segmentation of the

m a n e u v e r s .  One of the  r e s u l t s  of t h i s  approach was a means of
identifyi nq student problem areas. Thus , it becomes possible to

isolate the procedural or control problems being experienced by
the student. This generated the need for a supporting or part-

task/maneuver sub-syllabus. The overall approach is discussed

in detail in the following paragraphs . However , a sub-syllabus

was developed which consisted primarily of basic flight maneuvers.

It included :

(1) Straight and Level Flight

(2) Climbs and Dives (C&D) - constant speed

(3) Climbs and Dives (C&D) — constant rate

(4) Turns - constant bank angle

(5) Climbing and diving turns

(6) Inverted flight .

Again  as in the main  syl labus , a Set of e ight  v a r i a t i o n s
arranged in general increasing d i f f i c u l t y  order comprise the
syllabus. Similar difficulty factors were utilized . Append ix
C contains the complete sub-syllabus.

PERFORMANCE MEASUREMENT

The detailed analysis of the maneuvers included the perform-

ance criteria for each maneuver and th’~ procedures involved . The

latter was in effect , a task—sequence analysis. It became clear
from these data that effective measurement of the students ’

performance in the maneuvers would require consideration of both

cognitive and psycho-motor aspects. Furthermore , automated

syllabu s restructuring could probably not be effectively accom-

plished unless the students ’ flight problem(s) was isolated .

For example , the student could probably never master a maneuver

if he did not know the correct entry speed or the proper “lead-
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time .” Thus , the need to isolate or diagnose the nature of
t h e  performance problem , as well as to identify criterion
p e r f o r mance , led to considering the fo l lowing  three aspects of
student performance .

(1 ) knowledge of procedures

( 2 )  control ski l l
( 3 )  task performance

The measures provide a means of establishing that the

student:

• knew what to do

• knew how to do it

• had achieved the required level of performance

The imp l i ca t i ons  for  adaptive schedul ing are obvious .  If

the student does not know how to perform the maneuver , addi tion al
practice or trials will probably result in learning incorrect

performance . He must be given information on how to perform ~t ,

rather than additional practice. Oppositely, if he is performing

the maneuver correctly but not at criterion level, additional

prac t ice  is required.  If the performance  problem is s p e c i f i c  to

a particular portion of the maneuver , additional part-task

practice should probably be scheduled . In short , it became clear

that at least three measures of student performance would be re-

quired and if properly designed , could provide the insight

nr•eded for  adaptive t ra in ing and feedback .

Analysis of the measurement requirements also indicated the

need for sub-dividing each maneuver into meaningful performance

segments. Such segments turned Out to be those identified in

the procedure or task sequence analysis. This segmentation also

met the requirements for a reasonable time period for measure-
ment and for well defined steady state and transitions parameters
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to detect segmen t start and end . The Turn Pattern will be used

to illustrate the approach and the results.

Table 2 l is ts  the procedures for  the Turn Pa t t e rn  as de-
veloped in the requirements analysis (TA-43 aircraft - Advanced

~J et Syllabus) . The turn pattern consists of turns and reversals

at 300, 450 , and 60° of bank for 600 , 90°, and 180° of heading
change respectively. 

-

TABLE 2. TURN PATTERN PROCEDURES

(Advanced Jet Syllabus)

a. Three seconds before s tart  of maneuver , roll into -

300 bank.

b. Adjust nose and power to maintain speed and altitude .

c. Adjust bank angle.

d. At 540 of turn , rever se bank .

e. Check straight and level passing 600 of turn .

f. Adjust nose and power to maintain speed and altitude .

g. After 540 of turn, reverse ban k to 45O~

h. Check straight and level at original heading .

i. Check bank angle, adjust nose and power to maintain

speed and altitude.

j .  After 810 of turn , reverse bank .

j k. Check straight and level at 900 of turn.

1
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I? TABLE 2. TURN PATTERN PROCEDURES (cont.)

1. Che ’k ba nk angle , ad jus t  nose and power to main ta in
speed and altitude. -

~~

m. After 810 of turn , reverse bank to 600 of bank .

n. Check straight and level passing 00 of turn .

o. Check bank angle , ad jus t  nose and power to m a i n ta i n

speed and altitude .

p. Af te r 1680 of turn , reverse bank .

q. Check straight and level passing 180° of turn .

r. Check bank angle , adjust nose and power to maintain

speed and altitude .

s. After 168° of turn, return to level flight.

t. Check straight and level at original heading , adjust

nose and power to maintain original speed and altitude.

It is obvious that events a, d , g, j ,  m , p and s are trans-

ition onset points, i.e., change of bank angle points. Events

b , f, i , 1, 0, r and t are steady state segments for which

measur able parameters can be readily identified , e.g., speed ,

altitude and bank angle.

Further analyses were conducted to establish the feasibility

of practically detecting segment onset. and termination. Table

3 shows the resultant segmentation for the Turn Pattern .

Except for the first segment which is time based and the

second which is bank angle based , the res t of the segments ar e
all heading based and reflect the lead time requirement for the

40
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~11

turns , i.e., 60 for the 3Q0 bank , 90 fo r the 450 bank , and 12°

for the 60° bank.

TABLE 3. TURN PATTERN SEGME NT S

SEGMENT

NO. TiTLE START STOP
1 Gate -15 sec 0 sec

2 Entry 0 sec

3 30° Bank ‘25° 054°

4 Reversal 054° 054°

5 30° Bank 054° 006°

6 Reversal 006° 009°

7 45° Bank 009° 0810

8 Reversal 081° 0810

9 450 Bank 081° 009°

10 Reversal 009° 012°

11 60° Bank 012° 168°

12 Reversal 168° 168°

13 60° Bank 168° 012°

14 Roll Out 012° 000°

Specific procedures are also readily identified . For example,

in Table 2,items a, d , g, j, m , p. and s all identify lead time

requirements so that the aircraft can be straight and level at

the exact turn requirement (e.g., e, h , k , n , q and t).

Segment 1 is in effect a “gate” condition check which estab-

lishes that the student has control of the a i r c ra f t  at the
assigned speed , a l t i tude and heading and is straight level, it
also verifies that the student has not prematurely initiated the

maneuver (which begins at “zero ” time ) and that he is in the

correct position to initiate the maneuver . Procedure checks at

segments 2, 4, 6, 8, 10, 12 and 14 are similar in tha t they

4’ 
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provide a check for completion of the exact turn required , i.e.,

the aircraft is approximately level in the reversal at the

desired heading change (i.e. ~ U at ~ 60°, 90° or 180° of change ).
Tolerance bands of 50 on bank and 20 on heading were established

to insure a data sample by the computer system . Although per-

formance evaluation will be discussed in later paragraphs , the
simplicity of detecting student procedural problems based on
the checks listed above should be pointed out. Failure to

achieve criterion maneuver performance (defined in later sect1cr~s)

because of turn undershoot or overshoot , for example , can be
easily identified . Table 4 illustrates the procedure segmenta-

tion for the Turn Pattern.

TABLE 4. TURN PATTERN PROCEDURE SEGMENTS

SEGMENT SAMPLE KEY
NO. INTERVAL PARAMETER LIMITS

1 —5 to 0 seconds he ±200 ft

Ve ± 20 kts

±500 ft/mm

± 100

± 5°

2 0 to 3 seconds - .50

4 —5°<~P<5° I~P I 0580to 062°

6 “ “ 358°to 002°
8 “ “ 0880to 092°
10 “ “ 358°to 002°

12 “ “ l7SOto 185°

14 “ “ 3580to 002°

Performance measures for the maneuvers were established from
the requiremen ts analysis and the segmentation analy sis . 

- 
As

discussed earl ier , the latter reflects steady and transition
parame ter states. Two types of ~.~easures were souqht (in
addition to procedures measurement), one which reflected psycho-
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motor skills requirement and one which measured task or

maneuve r or “ system ” pe r formance . Three con t ro l  parameters
w er e  samp led to measure psycho-motor performance . They ar~
sides l ip  ( .

~
- )  , aileron stick input (S t i ck  A )  and e l eva to r

s t i c k  i n p u t  (S t i c k  E )  . These parameters were selected on the

b a s i s  of e a r l i e r  s tud ies .  A root mean square ( RMS ) t r a n s f o r -
:~~~~ t ~en  was also selected . (Note : many otner transforms wer e

programmed and are available in the system.)

Task or maneuver performance was measured in terms of key
steady state parameters for each segment . The parameters were

identified both in the requirements analysis and the segmen-

tation analysis. The parameter sampled by segments for the

Turn Pattern are listed in Table 5.

TABLE 5. TURN PATTERN SYSTEM PERFORMANCE MEASURES

SEGMENT PARAMETERS
NO. he Ve ~

‘e

1 - - - elapsed

2 rms rms —

3 “ “ rms
4 ft ,, 

—

5 ft ,‘ rlTt S

6 “ ~‘ —

7 “ “ rms
8 “ — “ -

9 ,, rin s

4 . 
10 ,, ,, 

— “

11 “ “ rms
12 ‘~ “ —

13 “ “ rms
14 “ “ —

Table 5 reflects the obvious Turn Pattern requirements ,

t 
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( 1)  The pattern is flown at constant altitude .

(2) The pattern is flown at constant airspeed .

(3) Constant bank is maintained on each turn segment.

In addition , for each segment , elapsed time was periodically

monitored and compared against a nominal segment time . The

difference was used as both a performance measure and a time-Out

criterion . In the latter case, if the elapsed time exceeded

the nominal segment time by a predetermined amount , the maneuver

was automatically aborted .

Finally, three separate scores were computed , namely:

a. System Score (maneuver performance).

b. Control Score (psycho-motor performance).

c. Procedures Score (cognitive performance) .

The system and control scores were computed as weighted means.
In each case an individual segment score was computed t h a t  was
the sum of the weighted parameters divided by the number of
parameters measured for the segment. Next , a system or control
score was computed that was the sum of the weighted segment
scores divided by the number of segments. Weights were arrived at

empirically and in general reflected a normalizing function.

They are contained in Appendix C.

The procedure score was computed differently. The measure

for each procedure was discrete; zero if the procedure was

missed , and one if the procedur e was accomplished . The overall
procedure scores were averaged , i.e., the segment scores were

summed and divided by the number of segments. Appendix C re-

views the performance calculation in detail.
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The maneuver segmentation , procedure measures , performance

measures (system and control) sampling times and rates for each

maneuver are also contained in Appendix C.

To s u m m a r i z e , me-~sures were developed to sample three
aspects e ;  student performance; psycho-motor performance ,

co~~n i t i v c  pe r fo rmance  and task  performance . The maneuvers were

seqmented based on the maneuver requirements analysis and imp le-
m e n t a t i o n  problems (segment start and end deter t ion). Maneuver

procedur a l requirements were identified by segments as were
parameters to be measured . In general , the segments divided the

maneuvers into periods of steady state and of transition from

one stead y state to another steady state. Most procedural

requirements occur in the transition segments. The specific
transition techniques were identified in the maneuver analysis.

The measures were used to diagnose student problems and for

use in performance evaluation and adaptive syllabus develop-

n t .

ADAPTIVE SYLLABUS DESIGN

The operational instrument maneuvers syllabus presented

several new problems in creating an individualized syllabu s

not considered in the earlier studies. One such problem was

the relative discrete characteristic of each maneuver. Thus ,

P~ rformance problems in the Loop, for example , could probably

not be solved by arbitrarily sending the student “back” to the

Aileron Roll or to a vertical maneuver . While generally, the

syllabus represents increasing skill requirements in terms of

complexity and required integration , with few exceptions ,

the maneuvers are not closely related and the syllabus location
order could be somewhat arbitrarily changed . The exceptions are

obvious. The ‘ertical S-i , S-2, S-3 form a natural sequence.

The Immelmann and Half Cuban Eight logically follow from the

Loop. However , even in these sequences , specific performance

problems cannot necessarily be solved by practicing directly

45
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preceding maneuvers. Each maneuver contains some new control

tasks. If the student experiences difficulties in these new
tasks , a different approach to adapt ing the syllabus is required.

This problem is considered typical of operational training

requirements.

The need for recognition of student performance problems

was established early in the study . The segmentation and per-

formance measurement approaches reflected this prerequisite for

implementing adaptive training . Specifically, the basic require-

ment was to be able to identify the nature of the problem and

where it occurred. The first was partially solved by broadly

separating “procedural” or cognitive type problems (what to do

and how to perform it) from psycho-motor skill problems . The

second was solved with the maneuver segmentation approach. Thus ,

it was possible , at least generically , to identify the type of

problem , the location and control task involved.  This formed

the basic input for the adaptive syllabus algorithm.

As discussed in preceding paragraphs , each maneuve r in the
syllabus consisted of eight different flights arranged in ap-

r~roximate order of increasing d i f f i c u l t y. Previous s tudies
had shown that starting at the lowest level of a maneuver group

was not optimum since the rapid learner or partially qualified

student was retained in the group longer than required while the

students who experienced difficulty were forced to repeat the

same level exerc ise. Therefore , entry into each maneuver was
set at level five (of eight levels). This provided sufficient

latitude both to reliably establish achievement of criterion

performance and to evaluate performance problems . It also

permitted some modifications of the adaptive algorithm that w~’re

indicated by the earlier studies. These studies had shown that

regression in the syUabus should be reduced.

46
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The over a l l  sy l labus control logic developed prov i des the
fo l lowi ng:

(1) Entry at mid-point of maneuver group (level f i v e

of eight levels).

(2) Differential syllabus restructuring as a function

of the three performance scores, i.e., system score , control

score and procedure score.

(3) Automated prompting (instructor model) at level~
one th rough  f i v e .

( 4 )  Return to a specif ic  basic inst rument  maneuver
sub-syllabus based on performance analysis.

Figure 3 summarizes the basic function flow for syl labus
control. The adaptive logic flow is contained in Appendix B.

E n t r y  to the sub-syl labus  occurred a f t e r  a repea ’ed decrement
from the adaptive logic algorithm at level one for the maneuver .

After two “failures” at the simplest level, the contro l logic
selected the segment on which the student had the most

difficulty, i.e., the poorest performance scores and then

selected the sub-syllabus which supported that segment. Entry

to the sub-syllabus was also at level five . Mastery of the sub-

syllabus rc~sulted in return to the maneuvers failed earlier and
entry at level one.

FEEDBACK DESIGN

Feed~~ick was provided to the student during the maneuver ,
at the end of each maneuver and at the conclusion of each train—
ing session . The medium utilized was largely determined by the
capability of the TRADEC system . The cockpit display was
utilized to display performance scores at the conclusion of
each triril . Appendix D reviews the cockpit display .
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speech system was utilized to provide feedback during

the flight. The model of the basic instructor function s

ie’.t -1 c ’ ped in the earlier studies was utilized . In general ,

the model provides for a l e r t i n g  the s tudent  to a parameter
“out-of-tolerance ” and directing corrective action when the

parameter error exceeds acceptable levels. The mode l was imple-

mented for all maneuvers whenever the difficulty level dropped

L~~1ow level six. Appendix D reviews the audio instruction

imp l . rli’ntation.

The instruc tor display provided plots of key parameters.

Appendix D reviews the ins t ructor ’s display. The display pro-

v ided the instructor information for evaluating student behavior .

Ext ensive hard—copy data for each trial were provided. The

details of the record are contained in Appendix D. The format

was dictated by the demonstration objectives and far exceeds the

needs  for operational training. The hard-copy data were u sed by
he instructor for debriefing both after the trial and at the

end of the tra ining  sess ion.

STr I ENT DISPLAY

A graphics CRT display in the TRADEC cockpi t was utilize d

to brief the student on the maneuver and the sp.~ ’ific character-

istic of the next trial. The latter was important since minor

departures from maneuver requirements that won part of the

:;yllabus could significan tly affec t performance scores , e.g.,

turning to wrong initial heading . The display consisted of a

sim plified line drawing of the maneuver along with key f l i g h t

parameter values. The display appeared as soon as initial

conditions had been set. The student studied the disp lay whi le
the system was trimming the aircraft. When trimmed , the student

was directed to take control. After 10 seconds of “free flight”

a one-minute “clock” appeared in the upper left corner of the

display with the hand at the 9 o’clock position , indicating 15
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seconds to go to the start of the maneuver (at 0 time or 12

o’clock). At -15 seconds, a “15 seconds to go” message was also

provided by the speech system . A second message at 5 seconds ,

“5 seconds to go” was also output. It corresponded to the

start of the first segment of the maneuver.

The display was also utilized to provide feedback data as
discussed in the preceding section.

INSTRUCTOR CONSOLE

An instructor console was developed within the constraints

of the TRADEC system. It utilized the TRADEC operating console ,

two graphic displays and the computer operating console and

printer. Although the physical arrangement was far from

optimum , the basic functional interface for an instructor was

available.

One display duplicated for the instructor the image provided

to the student in the cockpit. In the off-line mode , it also

provided the means for altering the student ’s display .

A second graphic display provided the instructor with X-Y

plots of key maneuver  parameters as well as student file data .
Appendix D reviews this display.

The basic TRADEC and computer consoles have been described

in the earlier reports.

STUDE NT RECORDS

Provisions were made to ~‘i a in t a in  two types of student
records. One was maintained in computer memory . It provided

a complete t r a i n i n g  record of the student in terms of identifi-

cation , syllabus status and history. All data necessary to

control the syllabus w€ re retained . The second student record
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was output by the printer. Appendix D contains a sample of this

record. Detailed performance data for each segment were included

as w e l l  as maneuver  requirements and overall performance data
and scores. The record was output during the trial , i.e., -jata

on each segment were output at the end of the segment.

OTH ER SUB-SYSTEM S

The implementation of the instrument flight maneuvers

syllabus demonstration on the TRADEC system , as an automa ted
and adaptive training package , also required the design and
development of supporting modules or sub-systems . While some

will be required for operational training , some are unigue to

the TRADEC design. In general , the software to implement the

fun ction flow presented in Appendix B is modular in design and

thus , except for specific TRADEC software interfaces , sho u ld
be transferable to operational trainers. Several features are

unique to TRADEC or TRADEC-like simulators. Safety/abort limits ,

power plant initialization and aircraft trimming are examples.

Tnv safety/abort limits are discussed in Append ix D. Powe r p l a n t

initialization requires directing the student to advance (or

retard) the throttles to a fixed RPM which will conform to the

i n i t i a l i z e d  powe r condi t ions .  In the “Freeze ” mode , power or

eng ine simulation is under computer control. However , s i nce
the throttles are not controllable by the program , the engine

simulation returns to the control of the throttles when the

simulator is “un frozen ” .

Aircraft trim in the TRADEC must be accomplished indirectly

and slowly to avoid disrupting vehicle simulation. It obviously

must also be accomplished at initialized power settings. Thus,

a unique sequence of initialization , throttle adjustment and air-

craft trimming must be accomplished i f  the TRADEC is to be re-
leased to the student in a relatively stable condition .
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The computer controlled voice generation sub-system avai]-

able ott the TRADEC was used. This particular unit is constrain-

m u  in  terms of vocabulary . It  is described in de ta i l in e a r l ier
r e p o r t s .  Appendix D contains tne vocabulary available in the

demonstration system.

AIR-TO-AIR TRAINING

The appl ication of the segmentation and performance measure-

ment techniques to a weapons training task was conducted as a

in al task. The original study 8 involved a rela tively simp l isti c
model of the attack situation . Therefore , an improved simula tion

model was implemented , and maneuver segmenta t ion  and m u l t i p le
performance techniques incorporated. Appendix F contains the

syllabus and other program modifications required to implement

ai r - t o - a i r  automated—adapt ive  t r a i n i n g.

DEMONSTRATION

Both the instrument fli ght maneuver and the air-to-air

packages were demonstrated utilizing subject “students” avail-

able at the Naval Training Equipment Center. All features of

the program were exercised arid they performed as expected.

Some of the wei ghting factors and constants were adjusted during
thc~ checkout and demonstration . However , the final values must

u w d i t  implementation in an actual training program since they

are partially a function of vehicle , student and instructor

characteristics as well as dependent on performance objectives.

BCharles et al , op. cit., 1973.
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SECTION V

DISCU SS 1 ON

APPROACH

As in the earlier studies , a sys tems eng i neer ing approach
proved not on ly  e f f e ctive , but essential to the development of a

demonstration system . The initial defi .i t:~~n of r e q u i r e m e n t s  and

constraints is particularly critical to this t ype of task , es:t.-

ci t l l v  i :t r e v e a l i n g  anu in structuritg designs tor the - :eve rr in q

r reievant. variables. The operatioral syllabi rcv~~-w ed ~ure founi

to contain (although sometimes it was obscu red) ~h~- basic data

requ ired for developing a detailed automated/adaptive syllabus.

The per fo rmance  cr iter ia , wh ile not explicitly stated were Je-

\‘elOpOd from supporting documentation (Flight Training Instruc-

tions) and interviews with the training staff. While some of the

criteria may need further validation in terms of fleet require-

ments , the objectives developed are internally consistent and

s u f f i c i e n t  for training program development . Four other tech-

ni ques developed in the study utilizing the system engineering

approach will be discussed. They are :

(1) Task segmentation .

(2) Performance measures.

(3) Sub-syllabi development.

(4) Syllabus control.

They represent the major changes developed to implement the

operational instrument maneuvers syllabus as specified for

Advanced Jet Training .

SEGMENTATI ON

The earlier studies of automated adaptive training had
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ut ilized only system performance for syllabus structuring While

obviously correlated with student behavior and thus useful for

adaptive syllabus control , it was recognized that more refined

measures would eventually be required if the syllabus was to

be adapted to student performance difficulties. Some diagnostic

capability would be essential. However , any but the simplest

of flight tasks involves a complex sequence of con t rol tasks
tha t have cognitive aspects , especially for original skill

acquisition . The analysis of the maneuvers led to three sets of

conditions:

Condition One. Steady State Maneuver Parameters.

Condition Two. Steady State Segment Parameter.

Condition Three. Transition State Parameters.

The first condition reflects general system performance objec-

t~i ’;e. They are the broad envelopes in which the maneuver must

be performed . For example , the Turn Pattern is conducted at

fixed altitude and speed and little sideslip.

The second condition reflects specific control parameters

for the maneuvers , i.e., thot~e parameters that govern the

maneuver. For the Turn Pattern , these parameters are Bank Angle

and Heading . The governing parameters are Static for a specified

time and are measurable . The maneuver analysis revealed that all

maneuvers contained steady state segments with governing

paramet’rs essential to the maneuver and which should represent

I~~trn: ng objectives.

The third set of conditions involved the transition of the

u- -v~~rz ing parameters from one steady state to another. Since a

dynamic change in these parameters is occurring , the performance

m. -~3ures for this condition were found to be highly procedural in
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eent nt and thus more cognitive as oppose 1 to c;ycho-rno t or

i t - u  ure . A n a l yses indicated that the procedures could b~ i d e n —

i f ied and performance requirements established .

M~-as~iros wez- &.’ developed , w h i c h  t~~~~;h d i sc r e t e, as sessed
- i s -du re accomplishment. For all these conditions , measures

w e r e  found t.hat detected onset and completion of the segment

w i t h o u t  overlap  of segments or c o n f u s i o n  as to the segment in-

volved . The latter is particularly important to automated *ra~ n_

ing c o n t r o l .

Thu s, a technique for segmenting flight t asks was deve1c~~ed
t o  meet performance measurement requirements which resulted in

a lso provid ing  improved automated control. To further facilitate

control , nominal durations were computed for each segment. These

t im e s  provided  a d d i t i o n a l  c r i t e r i a  f o r  pos i t i ve  t r a i n i n g  c o n t ro l .

Excess ive  t ime in a segment (without triggering the segmented
condition) created a “time-out ” condition which resulted in abort-

inq the trial. While a factor of twice nominal was utilized , t h e

“ time—out” criteria should reflect relativ~ dura tion as wel l  as
importance to the maneuver.

PERFORMANCE MEASUREMENT

The three performance measures proved effective and opened

•i new approach to syllabus control. In  particular , the separ-

ition of procedures and psycho-motor performance from total task

ot system performance established the feasibilit ,’ of at least

erudely identifying the students performance problem. Although

the data were not exploited for adaptive syllabus structuring in

this stud y, the approach should permit improved adaptive training

by providing the basis for generation of a specific remedial sub-

syllabus. For example , procedures failures could lead to a

procedures training sub—syllabus and control problems to special

control coordination exercises. While the data collected during

~~~

.
‘ 

_ i -- -—— 

55 

- - -

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

~ -



NAVTRAEQUIPCEN 74-C—0l41- l

checkout and demonstration are too l i m i t e d  for conclusions , i t

does suquost that , itt fact , procedures performance must be

mas tered if  c r i terion p erformance is to be ach ieved and proba b ly
before control performance reaches criteria related levels.

Intuitiv ely, the sequence is appealing and appears to correspond

to “good” instructo r technique .

SUB-SYLLABUS DEVELOPMENT. The advanced jet maneuvers analysis

included indentification of supporting basic maneuvers , i.e.,

other maneuvers in which proficiency was considered essential

or highly related to the advanced maneuver. The supporting

maneuvers were identified either in the advanced syllabus , the

suppcirting Flight Training Instructions , or through instructor

interviews . However , these supporting maneuvers did not always

relate to the segmentation which was subsequently developed.

For example , a basic inverted flight maneuver was required for

the Loop set of maneuvers , especially the Iminelmann and Half

Cuban E i g h t .

While an existing basic jet flight maneuver was selected

for the sub-syllabus support for most segments, the structure

of the supporting syllabus is not considered optimum . The di-

agnostic capability of the performance measures allowed for

part-task exercises , a function usually performed in flight

by the instructor , but rarely defined in the syllabus or imple-

mented in an operational flight trainer. This highly individLa-

1ized 4-raining specifically oriented to student problems is not pos-

sible based on a single score. The capability to isolate and i—

dentify the student’s problems in terms of maneuver segments a:id

procedure and control scores developed in this study may permit

an automated approach to problem-oriented adaptive training .

SYLLABUS CONTROL. The design of the syllabus restructuring and

overall control included the need for instructor interaction .

Since instructors were not available or “simulated” in the demon-
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st ra tton , the success of the interface design cannot be e v a l u a t . ’ ; .
However , the  impact of the supporting syllabus and performance

measurement concepts on syllabus contro l and the interface de-

s zq : o ci can be reviewed . Two e f f e c t s  s tand o u t .  F i r s t  is the
ad ip i ive logic routine which as designed requires exiting from

the  maneuver  s y l l a b u s  o n l y  at level one and always returnA nq to

level one. The sign ificance and success of the procedure or-

formarice measures was not anticipated. As a res ult , the sylla-
bus con trol or adaptive logic was designed to reflect overall

task performance more than procedures or sub-task performance.
Thus , “failure ” was defined as maneuver failure after which pro-
cedure performance was analyzed. The limited data suggest that

procedures failures might be effectively used to restructure the

sy l labus d irec t ly ,  especially with the instructor pilot ’s capa-

bi lity to monitor and interact with the training controller.

Thus , procedures f a i l u r e s  could result in “freezing ” of the tr a ine r ,
analysis of the problem , and branching to specif ic supporting sub-

sy ll abus. The approach would be desireable from a training view-

point in terms of early detection of error performance , prompt

fe edback , and remedial training. The capacity of a computer sys-

tem to store or restructure a unique remedial syllabus could be

exploited and could result in syllabus complexity far beyond the

capab ility of the training staff or instructor pilot to dupli-

cate or exercise. Yet, an efficient instructor interface would

permit effective instructional management and any adjustments to

the training evaluation.

The second effect relates the quantity of information avail-

able to the instructor pilot (IP) and the increasing complexity of

the control program . The data output for the demonstration went

far beyond the requirements of training or an IP’s capability to

assimilate it. Two aspects are involved . One relates to the

quantity of information being generated about student behavior ,

the second to the status and mode of operation of the training

• system at any time .
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Student performance data were output for each segment and

consisted of at least seven parameters for each segment. The
dem o n s t r a t io n  da ta  i n c l u d e d  a complete p r i n t o u t  of expected values ,
type of transform , raw measure , weighting factor , parameter score

type of measure , and overall segment scores. While much of these

data can be deleted in an operat ional  system, f u r t h e r  cor 1solida-

tion would be required , especially in terms of instructor func-

tions . Since printed data were not directly accessible at the

simulator operating console , the integration of hard copy data ,

simulator console data , and graphics display could not be evaluated.

Related to the problem of student performance data is system

status. While the graphics displays proved adequate for system

status information , expanded use of procedural or control per-

formance scores with the segmentation approach may require en-

hancement of the display s, especially in terms of impending in-

struction decision points and alternative events. Freezing on pro-

cedural errors or freezing of parameters for sub-syllabi , for

ex a m p le , w i l l  require  a new approach to in s t ruc to r  display design

if the instructor is to have any opportunity to evaluate system

training actions in real time. Again , the major impact is on

the potential use of the expanded performance measurement and

individualized syllabus possibilities. Automating the training

operation to an equivalent or greater extent than done here does

not pose a problem. Providing the IP information to stay abreast

of the evolution does pose a new problem .
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SECTION VI

CONCLUSI ONS

Tb . - study w in concerned with exploring the mutual impact

o: eper •tt loni l ;yl l abi  and a u t o m at e d — a d a p t i v e  t r a i n  i i i ;  tectl:Loi —

o p~ on .~; round  based a v i a t ion  t r a i n i n g . The earlier successtui

t e c h n i ca l  d e m o n s t r a t i o n s  of automated-adaptive training had

li -ft unanswered implementation problems created by tne naturs

of a c t u a l  t r a i n i n g  s y l l a b i  and instruction functions. This study

ha: u -suited i n  some definitive answers to the problem and i x-

~.-u~~t~~i several new design tasks and feasible solutions.

CONCLUSION 1. Operational syllabi and training operations pro-

vide nuf fic .~ent data to design and implement automated-adaptive

r ai nin o capability for ground based trainers such as Operational

E l  i jht Trainers.

C(IhCLUSION 2. Performance measures which samp le knowl edge , con-

trol skill and task performance are feasible and lead to the

c-t pa b ility of diagnosing the characteristics of the students ’

performance acquisition problems .

( O N C L U S I O N  3. Cons t ruc t ion  o n - l i n e  of an individualized arid

remedial syllabus based on the type of p e r f o r m a n c e  p rob l em en-

countered by the student is feasible.

CONCLUSION 4. Further integration of the instructor into the

raining system will be required if computer assisted performance

problem diagnosis and remedial syllabus generation are to be

e xp 10 i ted.

CONCLUSION 5. Segmentation of complex pilot training tasks for

computer syllabus control is feasible and prov i des a logical
breakdown of performance measurement and data for the analysis

of learning problems .
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• SECTION VII

RECOMME NDAT IONS

The s t u d y  of the  impact  of o p e r a t i o n a l  t r a i n i n g  r oqii r m.-nt .-:

en advanced t r a i n i n g  t e chn i ques r o nu l t e d  i n  t h e  deve lopmen t  of
s eve ra l  new approaches to au tomated-adap t ive  t r a i n i n g . T h e r t - f o r i ,
t : ~~ recornjnendatjoxts that follow reflect both the results of tb~~t

stud y and demonstration and the implication of the new develop-

ment s.

RECOMMENDATION 1. The translation of operational syllabi and

t raining objectives for advanced jet instrument flight training

h i ’ -~ proven f eas ib le .  I t  i s recommended that  the approach be
evaluat ed on an Operational Flight Trainer (Device 2F90).

RECOMMENDATION 2. The feasibility of diagnosing the type of per-

formance problem and where it occurred within the segment was de-
mi~i strated. It is recommended that a multi-component scoring al-
q (>rt thm ~or syllabus control be furtF~er explored. The desiijn and

demonstration suggest the potential usefulness of sub-syllabi to

S u p p or t  the student ’s training needs in terms of specific cognitive ,

psycho-motor task problems . Syllabus restructing can be controlled

by t l ~~- r e l e v a nt  pe r fo rmance  measures developed in the  s t u d y .

RECOMMENDATI ON 3. The use of parameter(s) freeze (forcing a
s1 it .’cified parameter(s) to maintain a constant value throughout

tlit .- maneuver) should be explored as part of the study included

ui de’r Recommendation 2. Although not part of the present study ,

the checkout phase utilized the technique under manua l control

with some effectiveness. The task requirements analysis , segmen-
tation technique and performance measurement approach should con-

tain the data required to identify the parameters that could or

should be frozen to aid training .

RECOMMENDATION 4. An evaluation of the student briefing and feed-

br iCk concept should be conducted. The concept developed is fea-

sible and appears to be effective. However , no student training

was acutally conducted.
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APPENDIX A
ANALYSIS OF INSTRUMENT SYLLABUS

(ADVANCED JET T R A I N I N G )

INTRODUCTIO N

A d e t a i l e d  ana lys i s  of basic instrument flight maneuvers

wjs essential to the design of an automated-adaptive training

pankaqe for implementation on flight trainers or simulators.

The analysis identified quantitatively the characteristics of

the maneuvers , the basic supporting maneuvers supplied , the

fl ight procedures requi red  and the performance criteria involved .

Characteristics include entry condition , e.g. , al ti t ude , speed ,

heading, attitude , maneuver transi tion points and parameters ,

and terminal conditions to be achieved . Procedures refer to the

basic sequence of tasks the student must perform to complete the

maneuver. The basic supporting maneuvers designate the exercises

that contain the prerequisite skills. Performance refers to the

skill level indicated or required by the training aci tvity or

operational unit. The performance criteria reflected system

performance , i .e., both student and aircraft and thus , distin-

guished from measures only of student performance or of vehicle

performance . In automated-adaptive training design , as wi th other

training techniques , system performance criteria are utilized

primarily for “pass” or “completion ” purposes.
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MANEUVERS

The fo l lowing  maneuvers  are pirt of the advanced jet
syllabus. They nave been categori~ ed in terms of precision ,

confidence and other maneuvers.

I. PRECISION MANEUVERS

A. Turn Pattern

B. Vertical “S-i” Pattern

C. Vertical “S-2” Pattern

D. Vertical “S-3” Pattern

E. Penetration Pattern

II. CONFIDENCE MANEUVERS

A. Aileron Roll

B. Wingover

C . Barrel Roll
D. Loop

E. Half Cuban Eight

F . Immelmann
G. Split—S

H. Squirrel Cage

III. OTHEL MANEUVERS

A. Approach to Stall
B. Unusual Att i tude

I
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I . PRE C IS ION MANEUV ERS

A.  T u r n  P a t t e r n

1. Description . The turn pattern is a series of reversing

turns at different bank angles. The pattern begins in level

f l i g h t  at 300 K I A F  at 10 , 000 f e e t .  The pa t te rn  is f lown at con-

stant speed and altitude. The first turn is ~ 30° bank for tj0°

of t urn followed by reversal to ori ginal heading . Heading IS

again r versed but with a 45° bank for 90° of turn followed again

~y reversal to original heading. Finally, headin g is reversed

with a 60° bank for 180° degrees of turn followed by reversal to

original heading . Figure 4. portrays the maneuver.

G
C D F

B
A A. 30° Bank fc-: 60°

B. 30° Reverse Bank for 60°
C. 45° Bank for 90°
D. 45° Reverse Bank for 90°
E. 60° Bank for 180°
F. 60° Reverse Bank for 180°
G. St ra ight  and Leve l 10 , 000’

Figure 4. Turn Pattern
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.~~~. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Transitions

b) Maneuver  Cons tan t  Ang le of Bank Turns

3. Procedure

a) Three seconds before start of maneuver , roll into
30° bank

b) Adjust nose and power to maintain speed and altitude

c) Adjust bank angle

d) At 54° of turn , reverse bank

e) Check straight and level passing 60° of turn

f) Ad just nose and power to maintain speed and altitude

g) After 54° of turn , reverse bank to 45°

h) Check straight and level at original heading

i)  Check bank angle, adjust nose and power to maintain
speed and altitude

j) After 81° of turn , reverse bank

k) Check straiqht and )eve l at 90° of turn

1) Check bank angle , adjust nose and power to maintain
speed and a l t i tude

m) After 81° of turn , reverse bank to 60° of bank

n) Check s traight  and level passing 0° of turn

0) Check bank angle , adjust  nose and power to maintain
speed and altitude

p) After 168° of turn , reverse bank

q) Check straight and level passing 180° of turn

r) Check bank, adjust nose and power to rtaintain speed
and altitude

g) Af te r  168° of turn , return to level f l igh t
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t) Check straight and level at original heading, ad ju s t
• nose and power to maintain original speed and al-

titude

4. Performance Criteria
Conditionally

Qual i f ied  Q u a l i f i e d  Unqual if ~ed

a) Bank Angle ±2.5° ±5° >±5°

b) Airspeed ±10 KIAS ±20 KIAS > ±20 KIAS

c) Al ti tude ± 100’ ±200’  - ‘ ±200’

5. Difficulty Variables

a) Ai r c r a f t  speed

b) A i r c r a f t  weigh t

C) Turbulence

d) Partial panel
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B. Vertical “S-i” Pattern

1. Descri ption . The vert ical  “S— i ”  pattern is a constant

airspeed and constant heading series of descents and clin’bs of

1,000 feet (Figure 5.) The standard “ S— l ”  consists of two climbs

and two descents completed in four minutes. In the TA—4J , the

pattern is flown at 250 knots and 1,000 feet per minute rate of

cl imb or descent. Power is used to control vertical speed and

nose attitude to control airspeed . Transitions to climbs or de-

scents are lead by ‘‘n altitude equal to 10% of the rate of climb

or descent. (100 feet in this case.)

Figure 5. “S-i” Pa ttern

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Level Speed Changes

b) Maneuver Constant Rate of Climbs/Desc.
Basic Trans i t ions

3. Procedure

a) Three seconds prior to start , reduce power to
about 80%, lower nose to about —3 °.

b) Adjust attitude and throttle to maintain 1,000
feet per minute rate of descent and 250 KIAS .

C) Maintain heading .

d) Three seconds or 100 feet before end 01 desce~~ ,
increase power to about 92% and raise nose to
about +30 . 

-
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e) Adjust attitude and power to maintain 1,000
feet per minute climb and 250 K11\S.

f) Maintain Heading.

g) Three seconds or 100 feet before original
altitude , decrease power to about 80% and
lower nose to -3°.

h) Pepeat b).

I) Repeat c).

j) Repeat d).

k) Repeat e).

1) Repeat f).

m) Three seconds or 100 feet before original
altitude , decrease power to about 85% and
lower nose. Maintain heading , altitude and
250 KIAS.

4. Performance Criteria
Conditionally

Qualified Qualified Ungualif~~~

a) Heading ±2.5° ±5° ‘±5 °

b) Airspeed ±10 KIAS ±15 KIAS >±15 KIAS

c) Vertical Speed ±100 fpm ±200 fpm -‘±200 fprr

d) Transition Altitude ±100’ ±200’ -~±2OO ’

5. Difficulty Variables

a) Aircraft Weight

b) Turbulence

C) Aircraf t Speed

d) Par tial Panel
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C. Vertical “S—2” Pattern

1. Description. The vertical “S—2” is a “5—1” pattern in-

corporating a one-half standard rate turn which is maintained

during the climb and descent. Each 90 degree of turn is completed

in each descent and climb . Constant airspeed and vertical speed

are employed . The maneuver is entered at 250 KIAS , clean at 10,000

feet of altitude. Figure 6. portrays the manuever .

Fi gu re 6. “ S—2 ” Pattern

2. Basic Supporting Maneuvers

a) Ent ry  Straight and Level
Basic Transitions

b) Maneuver One-half SRT Turns
Level Speed Changes and ½ SRT
Climbs and Descents

3. Procedure

a) Three seconds prior to start 1) redu~e power to

_________________  

____ 
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about 80%; 2) lower nose to about —3° ; 3) roll into
one-half SRT, bank 10% of speed

L) Adjust attitude and throttle to maintain 250 KIAS , 1 ,000
fp m descent

c) Check 30° turn at 20 seconds , adjust turn rate

i )  Check 60° turn at 40 seconds , adjust turn rate

e) Three seconds or 100 feet before end of descent, in-
crease power to 92%, raise nose to about +3°

f )  Check 900 turn at 60 seconds

g) Adjust attitude and throttle to maintain 250 KIAS and
1,000 fpm ascent

h) Check 120° turn at 90 seconds, adjust turn rate

ii Check 150° turn at 100 seconds, adjust turn rate

j) Three seconds or 100 feet before top of ascent , reduce
power to about 80% and lower nose to about -3°. M a i n t a i n
turn

k) Check 180° turn at 120 seconds , adjus t  turn rate

1) Adjust attitude and throttle to maintain 250 KIAS and
1,000 fpm descent

m) Check 270° turn at 140 seconds, adjust turn rate

ii) Check 240° turn at 160 seconds, adjust turn rate

o) Three seconds before end of descent, add power to about
92%, raise nose to about +3°, maintain turn rate

p) Check 270° turn at 180 seconds, adjust turn rate

q) Adjust attitude and power to maintain 200 KIAS and
1,000 fpm ascent

r )  Check 300° turn at 200 seconds , ad jus t  turn  rate

s) Check 320° turn at 220 seconds , adjus t  turn rate

t) Three seconds or 100 feet before top of ascent, reduce
power and lower nose, roll out of turn

U) Check 10,00 0 feet altitude , 250 KIAS

a- 
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4. Performance Criteria

Conditionally
Quali fied 

— 
Qual if ied U n q u a l i f i e d

a) Turn Rate ±.. 25°/ sec ± .5°/sec ± .5°/sec

b) Airspeed ±10 KIAS ±20 KIAS > ± 20 KIAS

c) Vertical Speed ±100 fpm ±200 f pm -‘±200 fpm

d) Transition Altitude!~ 00’ ±200’ ‘±200’

e) Transition Heading ±2.5° ±5° >± 5°

5. Difficulty Variables

a) Aircraft Weight

b) Turbulence

c) Aircraft Speed

d) Direction of Turn

e) Partial Panel
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0. Vertical “S—3 ” Pattern

1. Description. The “S—3” pattern is similar to the “S—2”

pattern except that the direction of turn is reversed after 180°

of turn . The maneuver is typically entered at 250 KIAS at 10,000

feet. Figure l.portrays the maneuver.

10 , 000’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0°

,000’
180°

9,000’
90°

10,000’
00

9 ,000’
90°

‘iqur e 7. “S-30 Pattern

2. Basic Supporting Maneuvers

a ) En try Straight and Leve l
Basic Trans itions

b) Maneuver One-half SRT Turn
Level Speed Changes and ½ SRT
Climbs and Descents

3. Procedure

a) Three seconds prior to start 1) reduce power to
about 80%; 2) lower nose to about -3~ ; 3) roll in to
one-half SRT, bank 10% of speed
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b) Adjust attitude and throttle to maintain 250 KIAS,
1,000 fpm descent

c) Check 30° turn at 20 seconds, adjust turn rate

d) Check 60° turn at 40 seconds, adjust turn rate

e) Three secon ds or 100 feet before end of descent,
increase power to 92%, raise nose to about +3°

f) Check 90° turn at 60 seconds

g) Adjust attitude and throttle to maintain 250 KIAS
and 1,000 fpzn ascent

h) Check 120° turn at 90 seconds, adjust turn rate

I) Check 150° turn at 100 seconds, adjust turn rate

j) Thr~~ seconds or 100 feet before end of ascent, reduce
power to about 80% and lower nose to about -3°

k) At 176° of turn , reverse bank and turn

1) Check 180° turn at 120 seconds, adjust turn rate

m) Adjust attitude and throttle to maintain 250 KIAS
and 1,000 fpm descent

n) Check 150° turn at 140 seconds, adjust turn rate

o) Check 120° turn at 160 seconds, adjust turn rate

p) Three seconds before end of descent, add power to
about 92%, raise nose to about +3°, maintain turn rate

q) Check 90° turn at 180 seconds, adjust turn rate

r) Adjust attitude and power to maintain 200 KIAS and
1,000 fprn ascent

s) Check 60° turn at 200 seconds, adjust turn rate

t) Check 30° turn at 200 seconds, adjust turn ra te

u) Three seconds or 100 feet before top of ascent,
reduce power and lower nose, roll out of turn

v) Check 10,000 feet altitude, 250 KIAS, original heEding

76
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4. Performance Cri teria
Conditionally

Qualified Qualified Unqua li f i ed

a) Turn Rate t.25°/sec ±.5°/sec >±.5°/SeC

b) Airspeed ±10 KIAS j20 KIAS ±20 KIAS

c) Vertical Speed ±100 fpm ±200 fpm >±200 fpm

d) Transition Altitude ±100’ ±200’ >±200’

e) Transition Heading ±10° ± 20° >±20°

5. Difficulty Variables

a) Aircraft Weight

b) Turbulence

c) Aircraft Speed

d) Direction of Turn

e) Partial Panel

__________________
-‘ - - - - 
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E. Penetration Pattern

1. Description . The penetration beg ins at the Ini tial

App roach Fix and ends at the Final Approach Fix where the “approach ”

phase beg ins. There are four type s of penetrations.

a) The “straight—in ” pene tration

b) The “off—se t” penetration

C) The arcing penetration

d ) The teard rop penetration

Regardless of the type of penetration , the TA-4J penetrates at

250 KIAS and a descent rate of 4,000—6 ,000 fpm . Figure 8. illus-

trates the penetrations .

IA? c) arcing 
~~~~~

,,,, _  JFAF

•
S — ...—4 ’—.’~~ 

—

- \~~i-~ 
~•~4

1~~~ .11P

b) off  set
d) tear-drop

Ficzure 8. Penetrations

While differen t patterns such as those shown above are used for

simula ted penetra tion practice, the capability in modern trainers

permits practice of all type of penetrations . The generic pene-

tration for the TA—4J consists of a 250 KIAS 4,000—6 ,000 fpm de—

scent to approach altitude . Transition to approach speed and con-

figuration , 2 20 KIAS, gear and flaps down , 16 1/2 units AOA and

straight and level should occur approximately two miles before PA?.
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2. Basic Supporting Maneuvers

a) Entry Basic Transitions
Straight and Level
One-Half  SRT Turns

b) Maneuver Constant Rate of Climb/Descent
One-Half SRT Turns
Turn Patterns

3. Procedure

a) Three seconds before starting descent, reduce power
to 80%, begin 4,000-5,000 fpm descent. If above
250 KIAS, lower nose, extend speed brakes as speed
reaches 250 KIAS

b) Hold heading

c) Maintain 250 KIAS and 4,000—6 ,000 fpm descent

d) If turn required , three seconds before turn , bank to
30° or less as required for o f f—se t , arcing or tear-
drop penetration

e) Main tain 250 KIAS and 4,000—6,000 fpm descent

f ) If in turn , at three seconds or at 6° to go, roll
out of bank

g) At 5,000 feet, reduce nose down pitch by one-half

h) At 4,500 feet, level nose, slow to 220 KIAS

i) Drop gear and f l aps

j )  Slow to 16 1/2 AOA , 4,000 feet, at approach heading

4. Performance Criteria
Conditionally

Qualified Qualified Unqualif ied

a) Airspeed ±10 KIAS ±20 KIAS >±20 KIAS

b) Descent Rate ±250 fpm ±500 fpm >±500 fpm

C) Heading ± 2.5° ± 5° ~ ±5°

d) Turn Rate j.25°/sec ±.5°/sec

e) Bank angle ± 5 0 ±5° >t5°

f )  Altitude (f inal ) ± 100’ ± 200’  200 ’
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5. Difficulty Variables

a) Type of Penetration

b) Aircraf t Weight

c) Turbulence

d) Emergencies

80
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II. CONFIDENCE MANEUVERS

A. Aileron Roll

1. Description . In an aileron roll , the aircraft is

rolled 360 degrees about its longitudinal axis. The maneuver is

entered from straight and level flight. The nose is raised and

the n the roll initiated . The aircraft should be wings level at

the inverted position. Recovery should be nose low in a wings

level attitude. Roll rate is constant. Figure 9. portrays the

aileron roll. The TA-4J normally enters the aileron roll at 90%

power and 300 KIAS.

P i gure 9. Aileron Roll

2. Basic Supporting Maneuvers

a) Entry Straight and Level

b) Maneuver Constant Angle of Bank

4 
- 
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3. Procedure

a) Smoothly raise nose 15 degrees above horizon

b) Relax back pressure, enter roll

C) Adjust roll rate so inverted, wings level, as nose
passes through horizon 

-

d) Maintain heading and speed

e) Adjust roll rate to recover nose low, wings level

f) Stop roll , maintain altitude, heading and 300 KIAS

4. Performance Measures
Conditionally

Qualified Qualified Unqualified

a) Heading ±5° ±7° >± 7°

b) Airspeed ±5 KIAS ±7 KIAS > ± 7  KIAS

c) Altitude (final) ±100 feet ±200 feet >±200 feet

d) Procedures ±10° ±200 > i2 0 °
(roll points)

5. Difficulty Variables

a) Aircraft Weight

b) Speed

c) Turbulence

I. Win g~ver

1. D.. ’riptiofl. The wingover is a combination climbing and

1,vt ~~~ ‘am w z’h 180’ change in heading. A steep climbing turn

• ~~~~~~~
. •.~~~~, 43 of h .adinq change should have occurred at 450

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ A ,~~0 bank occurs at 900 of head ing

~~~~~~~~~~~ .. .~~~. uirouqh the hor i zon, a gradua l roll
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out is started so that 450 nose down occurs at 135° of heading

change. The recovery should be at the same altitude and speed

as entry. Figure 10 illustrates the maneuver. It is normally

performed twice in succession so that a return is made tg the

orig inal heading .

Figure 10. Wi ngover

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Transitions

b) Maneuver Climb and Descent
Constant Angle of Bank Turns

3. Procedure

a ) Adjust power to about 92%, speed to 350 KIAS

b) Raise nose and roll into climbing turn

C) Check maximum pitch 450 and 45° heading change

d) Ease back pressure on stick, continue increasing bank

83
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e) Check roll at 90° at 90° heading change

f )  Start gradual rollout as nose passes through horizon

g) Check maximum nose down 45° at 135° heading change

h) Continue roll while pulling out to wings level at
1800 heading change

4. Performance Measures
- 

Conditionally
Qualified Qualified Unq~alified

a) Airspeed (final) ±5 KIAS ±7 KIAS >j7 KIAS

b) Heading (final) ±5° ±7° >±7°

c) Altitude (final) ±100’ ±200’ >±200’

d) Rollrate Variation j2°/sec ±4°/sec >± 4°/sec

e) Procedures ±5° ±10°
(pitch/roll points)

5. Difficulty Variables

A) Aircraft Weight -

b) Aircraft  Speed

c) Turbulence

C. Barrel Roll

1. Description . The barrel roll is a combination climbing

and diving maneuver accomplished by rolling the aircraft about a

point 450 off the aircraft initial heading . A climbing roll is

initiated such that 90° of heading change occurs as the aircraft

passes through the horizon inverted . The nose of the aircraft

should reach 45° above the horizon as 90° of roll is completed.

The roll is continued so that nose low (45° below the horizon)

is achieved when wings are 90° to horizon. Initi*te rollout to

81

S ~~
-- -  

- —----— 

--- _ — - -%-— —-- 

T~~~



NAVTRAEQUIPCEN 74—C-0141-l

original altitude and heading. Figure 11 portrays the maneuver.

Figure 11. Barrel Roll

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Level Speed Changes

b) Maneuver Climbs and Dives
Constant Angle of Bank Turns

3. Procedure

a) Establish 350 KIAS at 10,000 feet, 90—95% power

b) Raise nose and initiate roll with 2-3 g ’s

c) Check 45° nose up at 90° of roll

d) Check 90° heading change as nose passes through
horizon (inverted) , 210 KIAS

e) Roll out straight and level, 250 KIAS , 10,000 feet
of altitude at original heading

85
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4. Performance Measures

Conditionally Unquali-
Qualified Qualified fled

a) Roll Rate ±1°/sec ±.2°/sec >±.2°/sec

b) Heading ±2° ±5° >±5 °

c) Altitude (final) ±100’ ±200’ >±200 ’

d) Ai rspeed ( f ina l )  ±5 KIAS ±7 KIAS >±7 KIAS
0

e) Heading (final) ±5° ± 7 0  >±7

5. Diff iculty Variables

a) Aircraf t Weight

b) Turbulence

c) Aircraft Speed

d) Roll Rate

D. Loop

1. Description. A loop is a 360° turn in the vertical plane.

Head ing is held constant. A combination sequence of constant ‘g ’

to optimum AOA to constant ‘g’ is utilized. A constant rate of

rotation about the lateral axis is maintained. Figure l2 portrays

the loop maneuver .

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Transitions

b ) Maneuver Constant Rate Climbs and Descents
Vertical “S—l ” and “S—2 ”

3. Procedure

a) Establish MIL RPM and 450 KIAS at 15,000feet

b) Pull stick back and establish 4 g’ acceleration

86
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Figure 12. Loop

c) Maintain heading and wings leve l

d) Transition to 16 1/2 units . AOA at near verticä~lwhen unable to main tain 4 g ’s

e) Main tain 16 1/2 units AOA over the top vertical until
acceleration builds to 4 g ’s

f ) Transi tion to 4 g f light

g) Maintain heading and wings level

h) At 10° nose down , ease stick forward to straight
and level

i) Maintain original heading, speed , altitude

S 
- 
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4. Performance Measures
Conditionally Unquali-

Qualified Qualified fied

a) Acceleration ±1/4 g ±1/2 g >±l/2 g

b) AOA ±1/2 unit ±1 unit >±l unit

c) Heading ±2.5° ±5° >±5 °

d) Roll Angle ±5° ±10°

e) Altitude (final) t2”O’ ±400’ ±400

f )  Airspeed (final) ±10 KIAS ±20 KIA S >±2OKIA S

5. Difficulty Variables

a ) Aircraft Weight

c) Turbulence

E. Half Cuban Eight

1. Description . The }~alf Cuban Eight is a 180° directional

turn in the vertical plane. It begins with the first half of a

loop followed by a rollout from the inverted dive position. It

is begun the same as a ioop. As the nose passes through the

horizon inverted , the aircraf t is flown into a 45° inverted dive .

At this point , the a ircraf t is rolled wings level and a smooth

pull out to leve l flight is achieved . The final heading is 180°

from the entry heading at the same speed . Figure 13 illustrates

the Half -cuban Eight.

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Transition
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b ) Maneuver Climbs and Descents
Vertical “S—l” and “S-2”
Barrel Roll
Loop

3. Procedure

a) Establish MIL RPM and 450 KIAS at 15,000 feet

b) Pull stick back and establish a 4 g climb

C) Maintain heading and wings level

d) Trans ition to 16 1/2 units AOA at near vertical
when unable to maintain 4 g’s

e) Maintain 16 1/2 units ADA over the top until
acceleration builds to 4 g ’s

f ) Main tain heading and wings level

g) At 45 ° inverted dive , ease back pressure on stick,
maintain 45° dive

h) Roll to wings level, 45° dive position

i) At 17,000 altitude , pull stick back and establish
constant 4 g recovery to straight and level f l i ght

j) Maintain heading , altitude and airspeed

4. Per formance Measures
Conditionally Unquali-

Qualified Qua.lified fied

a ) Acceleration 1/4 g 1/2 g >±l/2 g

b) AOA 1/2 unit 2. unit >il unit

c) Heading 2.5° 5° >±5 °

d ) Roll Angle 5° 10° >±l 0 °

e) Altitude (final) 200’ 400’ >±400

f) Airspeed (final) 10 KIAS 20 KIAS >i2OKIAS
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5. Difficulty Variables

a ) Aircraf t Weight

b) Turbulence

F. Iminelmann

1. Description. The Innnelmann is a 180° turn in the vertical

plane . Unlike the Balf Cuban Eight , altitude is gained and speed

lost. It consists of the first half of a loop, followed by a ro ll

to leve l flight . Figure 14 illustrates the maneuver .

Figure 14. Iaunelinann

91



NAVTRAEQUIPCEN 74-C--014l-1

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Transi tions

b) Maneuver Constant Rate Climbs and Descents
Vertical “S—l” and “S—2”
Barrel Roll
Loop

3. Procedure

a) Establish MIL RPM and 450 KIAS at 15,000 feet

b) Pull stick back and establish a 4 g climb

c) Maintain heading and wings level

d) Transition to 16 1/2 units ADA at near vertical
when unable to maintain 4 g ’s

e ) Maintain 16 1/2 units AOA, heading, wings level

f ) When nose 5-10° above horizon (inverted flight),
initiate 1/2 roll to straight and level f l ight

g) Maintain heading (180° from original), 200—220 KIAS

4. Performance Measures
Conditionally Unquali-

Qualified Qualified f~.ed

a) Acceleration ±1/4 g ±1/2 g >±l/2 g

b ) AOA ±1/2 unit ±1 unit >±l  unit

c) Heading ±2.5° ±5° >±5 °

d) Roll Angle ±5° ±10° >±100

e) Airspeed (final) ±10 KIAS ±20 KIAS >±2OKIAS

5. Di f f icu l ty  Variables

a) Aircraft  Weight

b) Turbulence
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G. Split—S

1. Description. The split—S is a 180° vertical turn with

a loss of altitude. It consists of a half roll to the inverted

position , followed by the last half of a loop. Most of the turn

is accomplished in the initial part of the loop. Figure 15

portrays the maneuver.

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Transitions

b) Maneuver Climbs and Descents
Vertical “ S— l ”  and “S—2”
Barrel Roll
Loop

3. Procedure

a) Establish 220 KAIS , 80% power at 20,000 feet

b) Raise nose 10-15° above horizon and roll inverted

c) Maintain heading

d) Pull stick back to establish 16 1/2 units AOA

e) Transition to constant 4 g and pull out to level f l ight

f) Maintain heading 180° from original

4. Performance Measures
Conditionally Unqua li-

Qualified Qualified fied

a ) Acceleration ±1/4 g ± 1/2 g >±l/2 g

b) AOA ±1/2 unit ±1 unit >± l unit

C) Roll Angle ± 5° ±10° >±lO °

d) Heading (final) ±2.5° ±5 ° >±5 °
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5. Difficulty Variables

a) Aircraft Weight

b) Turbulence

H. Squirrel Cage

1. Description . The squirrel cage maneuver is a coordin-

ated series of the overhead aerobatic maneuvers. It begins with

a loop, proceeds through a Half Cuban Eight, and Immelmann and

finally a split—S. Speed changes are required between maneuvers.

2. Basic Supporting Maneuvers

a) Entry Straight and Leve l
Basic Tranistions

b) Maneuver~ Loop
Half-Cuban eight
Immelmann
Split—S

3. Procedure

a) Establish MIL RPM and 450 KIAS at 15,000 feet

b) Pull stick back and establish a 4 g climb

c) Main tain heading and wings level

d) Transition to 16 1/2 units AOA at near vertical
when unable to maintain 4 g’s

e) Maintain 16 1/2 units AOA on the top until
acceleration builds to 4 g’s

f )  Main tain 4 g ’s, let speed build to 450 KIAS

g) Ease stick forward to level out at 15 ,000’ , 450 KIAS

h) Maintain heading , wings level

i) Pull stick back , establish 4 g climb

j) Transition to 16 1/2 units AOA as g’s drop
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5. Difficulty Variables

a) Aircraft Weight

b) Turbulence

H. Squirrel Ca~~

1. Description. The squirrel cage maneuver is a coordin-

ated series of the overhead aerobatic maneuvers. It begins with

a loop, proceeds through a Half Cuban Eight, and Immelmann and

finally a split-S. Speed changes are required between maneuvers.

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Basic Tranistions

b) Maneuver . Loop
Half—Cuban eight
Immelmann
Split—S

3. Procedure

a) Establish MIL RPM and 450 KIAS at 15,000 feet

b) Pull stick back and establish a 4 g climb

c) Maintain heading and wings level

d) Transition to 16 1/2 units AOA at near vertical
when unable to maintain 4 g’s

e) Maintain 16 1/2 units AOA on the top until
acceleration builds to 4 g’s

f) Maintain 4 g’s, let speed build to 450 KIAS

g) Ease stick forward to level out at 15,000’ , 450 KIAS

h) Maintain heading, wings level

i) Pull stick back, establish 4 g climb

j) Transition to 16 1/2 units AOA as g’s drop
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k) Maintain 16 1/2 units AOA over the top, trans-
itioning to 4 g ’s as acceleration builds

1) Maintain heading and wings level

m) At 45° of dive, ease back pressure on stick, main-
tain 45° dive

n) Roll to wings level, 45° dive

o) At 17,000 feet altitude, pull stick back, establish
constant 4 g recovery to straight and level flight,
450 KIAS at 15,000 feet at original heading

p) Pull stick back and initiate 4 g climb

q) Maintain heading and wings level

r) Transition to 16 1/2 units AOA at near vertical
when unable to maintain 4 g’s

a) Maintain 16 1/2 units AOA, heading, wings level

t) When nose 5—10° above horizon (inverted flight),
initiate 1/2 roll to straight and level flight

u) Maintain heading (180° from entry heading)

v) Reduce power to 80%, maintain 220 KIAS, establish
altitude 18,000 feet

w) Raise nose 10-15° above horizon and roll inverted

x) Maintain heading, wings level inverted

y) Pull stick back, establish 16 1/2 units AOA

z) Transition to constant 4 g and pull out to level
flight.

4. Performance Measures
Conditionally unquali -

Qualified Qualified fied

a) Acceleration ±1/4 g ±1/2 g >±1/2 g

b) AOA ±1/2 unit ±1 unit >±l unit

c) Roll Angle f 50  ±10°

d) Heading t2.5 ± 50  >±5°

I
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e) Airspeed ±10 KIAS ±20 KIAS >±20 KIAS

f) Altitude ±200’ ±400’ >±400’

5. Difficulty Variables

• a) Aircraft Weight

b) Turbulence
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I I I .  OTHER MANEUVERS

A. Approach to Stall

1. Description . Approaches to stalls are flown in both

clean and dirty configurations. The clean approach to stall is

flown through both normal and accelerated stall onset. The

di r ty approach to stall is flown with speed brakes , gear and

flaps extended. Accelerated or progressive stalls in the dirty

configurations are not flown in the TA—4J.

2. Basic Supporting Maneuvers

a) Entry Straight and Level
Level Speed Changes

b) Maneuver Climb and Descents
Straight and Level

3. Procedure

a) Clean approach:

1) Establish heading, 80% power at 15,000 feet

2) Raise nose 10—15 degrees above horizon

3) Hold attitude and heading

4) When buffet becomes heavy, add MIL power,
lower nose below horizon, establish AOA
16 1/2 units

5) Maintain heading and wings level

6) At 160—170 KIAS, apply positive stick back
pressure

7) Maintain attitude and heading through buffet
and slat opening

8) At heavy buffet, establish 16 1/2 units AOA

9) Establish straight and level flight
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b) Dirty approach:

1) Establish heading , 80% power at 15 ,000 feet ,
speed brakes out , gear and flaps extended

2) Raise nose 10-15 degrees above horizon

3) Fly well into buf fet region , maintain heading
and altitude

4) When approaching stall, lower nose , add MIL
power , retract speed brakes

5) Establish 16 1/2 units AOA

6) Maintain heading and altitude

4. Performance Measures
Conditionally

Qualified Qualified Unqualif ied

a) Heading ±2.5° ±5° >± 5°

b) AOA ± 1/2 unit ± 1 unit >~~1 unit

c) Roll ±5° ±10°

d) Stall Sensing ( ADA ) ±1/2 unit ± 1 unit >±l unit

e) Loss Altitude ±500 feet ±1,000 feet >±l ,000 feet

5. Difficulty Variables

a) Aircraf t Weight

b) Turbulence

c) Malfunctions
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B. Unusual Att i tude (TA-4J)

1. Description. Recovery from unusual vertical attitudes

involve nose high/low airspeed flight. Recovery depends on nose

position and airspeed. Three different recovery procedures are

involved.

a) Nose high/low airspeed (I~
KIAS < 100 or nose 60°—90° high inverted

b) Nose high/low airspeed (IL)
150 > KIAS > 100; aircraft not 60°—90° nose high inverted

c) Nose high/low airspeed (III)
KIAS > 150 (manuevering airspeed)

Figure 16 summarizes those conditions.

I !
900 60° I KIAS < 100

/
AIRPLANE AIRPLANE II 100 < KIAS < 150

ERECT INVERTED
III KIAS >150

Fiaure 16. Unusual Attitude Recovery Regions

Condition I recovery involves neutralizing the controls and

waiting for the ensuing gyration to end with the aircraft nose

low and airspeed increasing to 170 KIAS. Normal recovery can

then be accom plished by rolling erect and smoothly applying 16

100

~ I.I~I
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1/2 units AOA to bring nose back to horizon. Recovery requires

3 ,000 to 5 , 000 feet .

Condition II recovery involves neutralizing controls and establish-

ing 5 units ADA. As the nose passes below the hor~bzon and speed

increases to 170 KIAS , the aircraft  is rolled erect and normal re-

covery accomplished.

Condition III recovery involves rolling inverted , apply ing positive

g (16 1/2 units AOA) and as the nose passes below the horizon and

speed increases to 170 KIAS, rolling erect and effecting normal

recovery.

2. Basic Supporting Maneuver

a) Entry Not applicable

b) Maneuver Basic Transitions
Climbs and Descents
Turn Patterns
Vertical “S—i” and “S—2”
Confidence Maneuvers

3. Procedures

a) Condition I (aircraf t nose high , erect or inverted,
KIAS < 100)

1) Advance power to MRT

2) Neutralize controls

3) Check speed brakes in

4) Check altitude (if less than 5,000 feet , eject)

5) WAIT (aircraft may undergo falling leaf or
rollfñg gyrations losing 2,000 - 3,000 ft.)
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6) When nose below horizon and KIAS > 170, roil erect

7) Apply AOA < 16 1/2 units to bring aircraft
back to straight and level flight

b) Condition II (aircraft nose high but not 60°-90°
high inverted), 100 < KIAS < 150

1) Advance power to MRT

2) Check speed brakes in

3) Neutralize controls

4) Establish 5 units AOA

5) As nose drops below horizon and KIAS > 170,
roll aircraf t erect

6) Apply ADA > 16 1/2 units and bring aircraft
back to straight and level f l ight

c) Condition III (aircraf t nose high, KIAS > 150)

1) Roll aircraft inverted

2) Apply AOA < 16 1/2 units

3) When nose passes below horizon and KIAS > 170,
roll erect , apply AOA < 16 1/ 2 uni ts and bring
aircraf t back to straight and level

4. Performance Measures
Conditionally

Qualified Qualified Unqualified

a) AOA ±1/2 units ±1 unit >±l unit

b) Altitude Loss I ±3,000’ ±5,000’ >±5 ,000’
II ±1,000 ’ ±3,000’ >±3 ,000 ’
III ±1,000 ’ ±3,000’ >±3 ,000’
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5. D i f f i c u l ty  Variables

a) Aircraf t  Weight

b) Turbulence

c) Pitch Attitude

d) Emergency (especially partial  panel)

I
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APPENDIX B

FUNCTION PLOW DIAGRAM

FLOW K~ L

D E C I S I O N

ACT ION

SPEECH

____  

CONNECTORS
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I N I T I A L I Z E

SYSTEM

‘I,
CONDUCT
E X E R C I S E

lj

SCORE

GIVE H
FEE DBACK 

]

SELECT
NEXT
EXERCISE

IF]• RECORD
DATA

Figure 17. Basic t raining function f low.
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LEVEL syu~ sus RETU RN TO 
-

~~.~~COMPLETE ” MANEUVE R
y Y LEVEL 1

N N

IMPLEMENT ANOTHER Y SELECT 
______ SET ______

A DAPTIVE MANEU . NEXT LEVEL 5
LOGIC MANEVUER

END

INCREMENT Y LEVEL 
LEVEL 8

N N

SET ____________________________

LEVEL
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~./~~~VEL Y 1st N SUB ’ SET 
_____mrai. SYLLABUS LEVEL 1
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SCORE LEVEL 5

SET _______________________________________________________________

LEVEL

Figure 22. Select Next Exercise Function Flow
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Figure 23 . Maptive logic .
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APPEND IX C

COMBINED BIFM AND AIR-TO-AIR SYLLABUS

The combined BIFM and Air-to-Air Syllabus which ~ias actually

implemented on the TRADEC consisted of two major sections. The

• f i r s t  is the primary syllabus which included four precision,
four  confidence and three a i r - to-air  maneuvers.  The precision
and confidence maneuvers were drawn from the set of the Advanced
Jet Training Syllabus described in Appendix A. The air-to-air

maneuvers were modifications of the attack tasks implemented in

the Gd /d c kir Attack study. ’

The second section is the supporting sub-syllabus which
consists of six basic instrument flight maneuvers selected in

part from the Instrument Flight Maneuvers study .2

The primary syllabus consists of:

a . Precision Maneuvers
( 1 )  Turn Pattern
(2)  Vertical S-i
(3) Vertical S-2

(3 )  Vertical S-3
b. Confidence Maneuvers

( 1) Aileron Roll
( 2 )  Loop
( 3)  Immelma n
( 4 )  Split—S

C . Air-to-Air Maneuvers

• ( 1) Beam Attack
(2) Forward Quarter Attack

(3) Head-on Attack

‘Char les , John P . ,  Johnson , Robert M . ,  and Swink , J~t y R .
Automated Flight Training (AFT) GCI/CIC Air Attack. Technical
Report NAVTRAEQUIPCEN 72-C-018].-l, Naval Training Equipment
Center , Orlando, Florida , 1973.

2 Charles , 3. P . ,  Johnson , Robert N . ,  and Swink , Jay R.
Automated Flight Training (AF T) Instrument Flight Maneuvers.
Technical Report NAV4DRAEQUIPCEN 7l-C-0205-1, Naval Training
Equipment Center , Orlando, Florida, February 1973.
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The sub-syllabus contains the following supporting maneuvers:

( 1) Straight and Level Flight
( 2 )  Climbs and Dives (Speed Constant)
(3) Climbs and Dives (Rate Constant)

(4) Turns (Constant Bank Angle)

(5) Climbing and Diving Turns (Rate Constant)
( 6 )  Inverted Flight

The syllabus is arranged so that the maneuvers support or
provide part task training in segments of the precision ,
confidence and air—to-air maneuvers. Each maneuver segment has

a support maneuver which can be utilized for fur ther  t ra ining
if the student is experiencing difficulty in completing that
particular segment of the maneuver.

Since none of the “ students” for the demonstration had
recently, if ever , completed the Navy Basic Jet Training syllabus
and were not familiar with the TRADEC cockpit and F-4 “vehicle”,

a brief familiarization period was also provided to insure that
the student could operate the TRADEC cockpit and perform ~he
following basic fl ight  tasks:

(1) trim the aircraf t
(2) fly straight and level
( 3)  make level speed changes
( 4 )  elemetary level turns

To accomplish this , the familiarization exercise illustrated
in table 6 was conducted.
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TABLE 6. TRADEC FAMILI ARIZATION EXERCISE

( 1) Cockpit Checkout (b y instructor)
a. throttles
b. speedbrake
c. tr im
d. motion safety switch
e. restraint devices

f .  E & S display
g. communications
h . instruments

basic f l ight
engine
AOA and G

(2 )  Basic Flight (30 second tr ials)
a. straight and level
b. trim in all axis
c. basic speed changes
d. turns (constant angle and standard rate)

Table 7 outlines the basic syllabus and ini t ial  conditions
in detail .  The d i f f i cu l ty  factors employed are a i rcraf t  wei~jht
(or CG) and atmospheric turbulence. These d if f i cu l t y  factors
which are labeled C/T in the table represent the following
conditions:

Ai rc ra f t  Weight Cc)
Level 0 2 , 400 lbs . internal fuel
Level 1 Full internal fuel plus center tank

Atmospheric Turbulence (T)

Level 0 No turbulence
Level 1 Light turbulence
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Initial conditions are expressed in the following units:
Cy
1, ~

‘A ’ ‘rTl $ degrees

h 1 feet
V1 KIAS
PWR % engine RPM

NM
feet per minute
degrees per second

Table 8 summarizes the maneuver segments in similar detail.
It lists the segment name , the start/stop conditions for the
part icular  segment and the supporting sub-syllabus for that
segment.

Table 9 lists the data collection requirements. Segment 1,

which is common to all maneuvers in the primary syllabus and

supporting sub-syllabus, is listed only once and appears at the

beginning of the table . The parameters that make up the system
and control scores are listed on the left  side of the table
while the procedure score criteria are shown on the right side .
The symbols expressing the measures used in obtaining the system/
control scores are :

e elapsed
s standard deviation
r root mean square

Both system scores and control scores involve the sampling and
averaging of data throughout the segment with the exception of the
first segment. The data are sampled at specified rates (Table 10)
and stored for processing at the end of each segment. Most of the
data are transformed using a root-mean-square algorithm; i.e.,

~~

“X” is the sampled value and “N” is the number of such samples.
Most o~ the data to be collected are error data. Thus, the trans-

formation approaches the variance measure as the average error
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decreases , and they become identical when the error is symmetri-
cal ly distributed about the assigned va l ue.

Three scores are computed for each segment or each maneuver.
They are identified as the :

( 1) system score
( 2 )  control score
(3)  procedures score

Although they are clearly interrelated , three different

aspects of instrument proficiency are being sampled . The system
score is concerned with overall system performance in terms of
the governing parameters of the maneuver. The parameters typ ical-
ly sampled are heading , airspeed, bank , pitch , rates , or in
general those parameters that establish the location and motion
of the vehicle in space relative to the maneuver requirement . The
system score is concerned with system performance and therefore
operational criteria apply.

The control score samples the pilot ’s performance in terms of
control inputs to the vehicle. The parameters typically sampled

are stick and throttle displacement , slip, and time. The score

aims at measuring the quality of the pilot ’ s control input to the
vehicle.

The procedures score summarizes the pilot ’ s knowledge of the
maneuver. Two facets are sampled . The f i r s t  establishes if the
pilot knows what the maneuver requ irements are ; the second checks
to see if the pilot is performing the maneuver as taught in terms
of anticipating or lead and in estimating control input needs .

The computation algor ithm for the scores follow s :
SYSTE M SCORE, Sma

N Where:
Z Sma = System score for maneuver a

Sma 2 Wns San San = System score for segment n
Wns = Weight of segment system score n
N Number of segments
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Segment Score, Ss
K n Where :

Psk = System score for parameter k
Ssn = 1 Wsk Psk Wsk = Weight of parameter score k

K K Number of parameters

CONTROL RE, Cma
N Where:

Cma = Control score for maneuver a
Cma = 2 Wnc Can Csn = Control score for segment n

N-l Wnc = Weight of segment control
score n

N = Number of segments

Segment Score , Can
K Where :
E Pck = Control score for parameter k

Can = 1 Wck Pck Wck = Weight of parameter score k
K K number of parameters

PROCEDURES SCORE (Ps1)

The procedures score for segment one is common to all maneu-
vers . The score establishes that the student is at the correct
position for entering the maneuver. Thescore is called the Gate

Score and is computed at minus five seconds to the hour (five sec-
onds before the maneuver should begin). The score has a value of

1 or 0 as follows:

GATE SCORE (Segment One )
1 if he ± 200 feet

Ve ± 20 knots

± 10 degrees

h ± 200 feet per minute

± .5 degrees per second

0 ± 50
Pa l — 0 otherwise
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The procedures score for segment two samples the entry

procedures as well as detecting in i t ia t ion  of the maneuver. The

entry parameters are sampled at zero time and also at + S

seconds. The zero sample detects proper lead or ant icipation
for the maneuver . The + 5 second sample detects last possible

maneuver entry. If the student has not initiated the maneuver

by this time, the trial is reinitialized . This score (at + 5

sec) is used only to freeze the simulation if 0.

ENTRY SCORE (Segment two )
Ps 2 = 1 if entry conditions are met

= 0 otherwise

The entry conditions along with the procedures scores for

other segments are identified in Table 9. The maneuver pro-

cedure score Mp is a weighted sum of the segment scores. The

computation is as follows:

Ps = 1 if all Ps are 1 Ps = Procedures score fora n a Maneuver a
0 otherwise

Ps~ = 1 if all criter ia = Procedures score for
met Segment n

0 otherwise*

* Note: Ps,,, = 1 for segments in which procedures not scored

The parameter weighting factor utilized in the system/control
score computations are listed in Table 11.
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TABLE 8. MAN EUVE R SEGMENTS

TURN PATTERN

Segment Start Stop Supporting

1. Gate —1 5 sec 0 sec S&L
2. Entry 0 sec ~~25° CBT

3. 30° Bank •>25° +54°’? CBT

4. Reversal +54°’? +54°’? CBT

5. 30° Bank +54°’? +6°’? CBT

6. Reversal +6°’? +9°’? CBT

7. 4 5° Bank +9°~’ +81°’? CBT
8. Reversal +8l~’? +81°’!’ CBT

9. 45° Bank +810’.? + 9°’? CBT
10. Reversal +9°’!’ +12°’? CBT

11. 60 ° Bank .1.12°’? +168 °’? CBT
12. Reversal +168°’? + 168°’? CBT
13. 60 ° Bank +168 °’? +12 °’? CBT
14. Transition S&L +12°’? 0°’? CBT

VERTICAL S-i
Segment Start Stop Supporting

1. Gate -15 sec 0 sec S&L
2.  Entry 0 sec i >500 f t/nUn CDT
3. First C/D h>5 00 ft/m m he>900 f t  CDT
4.  Reversal h >900 f t  h <900 f t  CDTe e
5. First D/C h <900 f t  h <100 f t  CDT
6. ReverBal h <100 f t  h >100 f t  CDTe e
7. Second C/D h >100 f t  h >900 f t  CDTe e
8. Reversal h >900 ft h <900 ft CDT

9. Second D/C he<900 ft h <100 ft CDT

10. Transition SoL he
<100 f t  10 sec CDT

126

_____________ - -  _____  -



NAVTRAEQUIPCEN 74-C-0141-1

TABLE 8. MANEUVER SEGMENTS (cont.)

VERTICAL S-2

Segment Start Stop Supporting

1. Gate -15 sec 0 sec S&L

2. Entry 0 sec ~>l0° CDT

h>500 ft/mm CDT

3. First C/D Turn 41>10~ h >900 ft CDT

Ii>500 ft/mm

4. Transition h >900 ft h -900 ft CDTe e
5. First D/C Turn h <900 ft h <100 ft CDTe e
6. Transition h <100 ft h >100 ft CDT

7. Second C/D Turn h >100 ft h >900 ft CDTe e
8. Transition h >900 ft h <900 ft CDTe e
9. Second D/C Turn h <900 ft h <100 ft CDT
10. Transition S&L h <100 ft ~‘c5 CDT

h<500 ft/miri

VERTICAL S-3

Segment Start Stop Supporting

1. Gate -15 sec 0 sec S&L

2 .  Ent ry  0 sec 4 > l O ° CDT
1>500 ft/mm

3. First C/D Turn ~>l0° h >900 ft CDT

1t>500 f t/mm
4.  Transi t ion h >900 f t  h < 900 f t  CDT
5. Firs t  D/C Turn h <900 ft h <100 ft CDT

6. Reverse h <100 f t  h >100 f t  CDT
Transi t ion e

7. Second C/D Turn h >100 ft he
>900 ft CDT

8. Transition h >900 ft h <900 ft CDT

9. Second D/C Turn h
01

<900 f t  he<100 f t  CDT
10. Transition S&L h < L O O  ft •1z5 ° CDT

h’~500 ft/m m
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NAVTRAEQUIPCEN 74-C-0l41-1

TABLE 8. MANEUVER SEGMENTS (cont.)

AILERON ROLL

Segment Start Stop Supporting

1. Gate —15 sec 0 sec S&L
2. Entry 0 sec 4>l5~ INV
3. First 1/2 •>15~ $>l80° INV

4.  Second 1/2 $>l80 ° •>345 ° 1NV

5. Recovery •>345~ ~>355° S&L

LOOP
Segment Start Stop Supporting

1. Gate —15 sec 0 sec S&L

2. First 1/4 0 sec 0>80° C/D
3. Transition 0> 80 ° 0>100 ° INV
4. Second 1/4 e)ioo ° 0>180° INV
5. Third 1/4 0>180 ° 0>260 ° INV
6. Transition 0)260 ° 0>280 ° INV
7. Fourth 1/4 0>280 ° 0>350 ° C/D
8. Recovery 0>350 ° 0>355 ° S&L

41<10 °

IMME LMAN

Segment Start Stop Supporting
1. Gate -15 sec 0 sec S&L
2. First 1/4 0 sec 0>800 C/D
3. Transition 0>80 ° 0>100 ° INV
4. Second 1/4 0>100° 0>165° INV
5. Roll 0>165° 41<5° INV
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NAVTRAEQUIPCEN 74-C-0141-l

TABLE 8. MANEUVER SEGMENTS (cont.)

SPLIT-S

Segment Start Stop Supporting

1. Gate -15 sec 0 sec S&L

2. Entry 0 sec 0>10 ° C/D
3. 180° Roll 0>10 ° 41 > 160 ° INV
4.  Transit ion 41> 160° 0<160° INV
5. 3/4 Loop 0<160 ° 0< 100 ° INV

6. Transi t ion 0<100 ° 0< 80 ° INV

7. 4/4 Loop 0<80 ° 0<20 °
8. Recovery 0<20° 0<5° S&L

BEAM ATTACK

Segment Start Stop Supporting

1. Gate -15 sec 0 sec S&L

2. Turn to Attack 0 sec ‘?=‘?A ±5° CBT
Heading

3. Maintain Attack ‘V&V ±5° R,~<13NM S&L
Heading

4.  Turn 30° Toward RT<13NM M>25 ° CBT
Target

5. Intercept 120 ~‘3’>25 ° R,~< 7NM S&L
DTG at 7NM 41<5°

6. Initial 45° Bank RT<7NM 41>35~ CBT

7. Final Vectoring 41 > 35~ LA< 15° CBT

.75NM<RT<1.75NM

8. Lock-on & LA<15° $<l5~ CBT
Roll-out .75NM R.~<1.75NM

9. Firing 41<15° Target Hit/Miss S&L

10. Break-Away Target Hit/Miss 41)30° CET
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NAVTRAEQUIPCEN 74-C-0l41-1

TABLE 8. MANEUVER SEGMENTS (cont.)

FORWARD QUARTER ATTACK
Segment Start Stop Supporting

1. Gate —15 sec 0 sec S&L

2. Turn to Attack 0 sec ‘?=‘? ±5° CBT
Heading

3. Intercept 150 1Y
~ ’?A

±5° R~<9.5NM S&L
DTG at 9.5NM 41<5a

4. Initial 45° Ban k RT<9.5NM 41>35~ CBT

5. Final Vectoring 41>35° LA<l5° CBT

7SNM<RT<I. 75NM

6. Lock—on & LA (l5° 41C15~ CBT
Roll-out .75NM<R r

<l.7SNM

7. Firing 41<15° Target Hit/Miss S&L

8. Break-Away Target Hit/Miss •>30~ CBT

HEAD-ON ATTACK

Segment Start Stop Supporting

1. Gate -15 sec 0 sec S&L

2. Turn to Attack 0 sec ‘ ? ‘ ?  ±5° CBT
Heading

3. Intercept 180 Vx
~
PA±5

° R.~<13NM S&L
DTG at 13NM

4. Initial 45° Bank RT<13NM 41>35~ CBT

5. Final Vectoring 41>35° LA<15° CBT
7 SNM<R

T
< 1. 75NM

6. Lock-on & LA<lS° 41<15~ CBT
Roll-out .75NM< R,~<l. 75NM

7. Firing 41<150 Target Hit/Miss S&L

8. Break-Away Target Hit/Miss 41>35~ CBT

STRAIGHT & LEVEL SUB.
Segment Start Stop

1. Gate -15 sec 0 sec

2. S&L 0 sec 60 sec
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TABLE 8. MANEUVER SEGMENTS (cont.)

CLIMB/DIVE SUB. (Speed Constant-Climb/Dive 1000 f ee t)
Segment Start Stop

1. Gate -15 sec 0 sec
2.  Entry  

V 
0 sec h>500 f t/mm

3. C/D h> 500 f t/mm h >900 ft
4. Recovery h 900 ft h >975 fte e

CLIMB/DIVE SUB. (Rate Constant-Climb/Dive 1000 feet)

Segment Start Stop

1. Gate —15 sec 0 sec

2. Entry 0 sec h>500 ft/~ in

3. C/D h>500 ft/mm h >900 ft

4. Recovery h >900 ft h >975 fte e

TURNS (Constant Bank 900 Turn )
Segment Start Stop

1. Gate —15 sec 0 sec

2. Entry 0 sec 41>25°

3. 90° Turn 41>25~
4. Roll—out ‘V >81° 41<5°e

CLIMBING/DIVING TTJRNS(Rate Constant-Climb/Dive 1000 feet, 9d~Turn )
Segment Start Stop

1. Gate -15 sec 0 sec

2. Entry 0 sec h>500 ft/mm

41> 10°

3. C/D Turn h>500 ft/mm ‘V >81°

41>10° h >900 ft

4. Recovery ~V > 8l0 41 <50

he>900 ft he>975 f t

INVERTED FLIGHT (30 Seconds)

Segment Start Stop

1. Gate -15 sec 0 sec

2. Roll 0 sec 41>170°

3. Transition 41>1700 5 sec
4. Inverted Flight 5 sec 35 sec
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TABLE 10 DATA SAMPLING RATES

Parameters Rate (in milliseconds)

h 250

h 250

V 500

0 250

100

8 250

‘V 250

‘V 250

a 250

o 250

o 100

G 250

Stick A 100

Stick E 100

THROTR 500
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TABLE 11. PARAMETER WEIGHTING FACTORS

Weighting
Parameter Symbol Factors

Alt i tude he 0.25

Bank Angle 0 10.00

Heading ‘V 5.00

Rate of Climb h 0.10

Rate of Turn ‘V 50.00

Airspeed V 5.00

Sideslip B 
- 

50.00

Stick E — 10.00

Stick A - 10.00

Throttle THROTR 100.00

Normal Acceleration G 100.00

Angle of Attack a 20.00
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APPENDIX D

OUTPUT

The general categories of output generated by the BIFM pro-
gram consist of:

a. Cockpit Displays
b. Instructor Displays
C. Audio Instruction

d. Student Records

An Evans and Sutherland (E&S) graphics display installed in

the TRADEC cockpit was used to brief the student on each man-

euver and the characteristics of each level within the maneuver..

The display portrayed the required maneuver in a pictoral draw-

ing. Critical parameters for the different segments of each

maneuver were displayed where relevant. In all cases, initial

and terminal altitude , airspeed , and heading were identified.

The display was initiated for maneuver briefing in the system

initialization function. The display remained on until feedback

messages had been delivered to the student.

In addit ion to the maneuver display , a stylized clock was
displayed in the upper left corner of the display . The clock

was required to synchronize the maneuver initialization with the

conputer time. (The only clock in the cockpit was a standard

aircraft elapsed time-hand wind type which could not be synchron-

ized with the computer.) The displayed clock displayed only a

second hand which was initialized at fifteen seconds to the hour

when the simulator was ready for the start of the -trial.

Figures 25 , 26 and 27 are typical displays of the briefing mode.

The display was also used for general feedback. Figure 28

shows the disp lay of feedback data for coaspleted and incompleted
trials.

The instructor or training manager has two graphics displays
available to him as well as the computer operating console and
the TRADEC console which contains a duplicate of the cockpit
ins t ruments.  - One of the displays is a repeater of the cockpit

144
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‘ I ,

-. 

/ 1

LOOP

Figure 25. Student display loop maneuver.
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/ VERTI CAL S -3

180 Deg Right Turn Reversing
to 180 Deg Lef t Turn

,.
/
“ Initial  Climb

~J H
Figure 26. Student display Vertical S-3.
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- 1\ I /
2700/500 KTS

20 NM
— -

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

— /
~ 5

% /
‘ I ’  /

2400/500 KTS

7 NM HARD STARBOARD
L2O DTG

360°/400 rI’S

9O DTG 
-

Target

0 DTG STARBOARD

30 D~C BEAM ATTACK

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

Figure 27. Student display beam attack .
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display . Thus , the instructor will at all times have a-

vailabi.e the same display that the student is using for the

maneuvers.

The more important display utilizes the IDIIOM terminal

of the TRADEC system. The display provides the instructor key

data on the student’s performance for the trial underway in-

cluding error plots for the basic governing parameters for

the maneuver. Figure 29 shows a sample display . Table 12

lists the parameters to be displayed for each maneuver.

The air-to-air maneuvers produce a different format for

the IDIIOM display . Two relative plots of the interceptor
with respect to the target are shown. Figure 30 illustrates

tI~is display .

The display will be energized 15 seconds before the
minute (when the trial is started) and remains on until the

maneuver is terminated or completed. If the maneuver is not

in i t ia ted, the display is cancelled and reinitialized with
the overall s imulation .

An audio instructor mode is utilized at the lower levels
of maneuver training . It is initiated at level 5 and below .

Only key parameters are monitored and appropriate instruc—
tions generated if the error in the parameter exceeds cr i-
terion value. The basic logic flow is shown in Figure 31.

Table 13 lists the typical parameter bounds and messages to

be output for  the precision and confidence maneuvers. Table

14 contains the messages used in the air-to-air maneuvers.

Audio instruction is very limited during the confidence
maneuvers because of the short duration of these maneuvers.

The system requires approximately .5 seconds for each word .
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+20 DEGREES 
____  -—

HEADING
(A ) -

HDG 0 — _____ ____- - _______

-20 — ----- - ------- —-——

+400 -
~~~~~~

--- —--
~~~~~~~~ 

__  -__

(B )

ALT 0 - -_____ _______ _______ _______

4 _ _
ALTITUDE

~o0 
--5-5—- _ __- -  —--5- -_ - -

~~~~~~~~~~

KNOTS 
____ ____ _____+20 T T  *____ -_____

~~— AIRSPEED
(C) - L
A/S 0 -________ _____ ______ _____ _______

-20 — —  _ _ _ _  _ _  _ _ _ _  ___ ____ ___—

0 30 60 90 120 iSO ISO 210

(Marks) TIME (SECONDS)

STUDENT FILE
NAME; Smith DATE: 10/01/71 EXER IFM
LEVEL:0 II I SESS: 000! RUN: 000!
TOTAL RUNS THIS FILE: 0000

Figure 29. Sample instructor data display .
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STUDENT FILE

NAME: Smith DATE: 11/12/76 Exer: IFM
LEVEL: 1358 SESS: 0011 RUN: 0007
TOTAL RUNS THIS FILE: 0055

Figure 30. Diagram of Air-to-Air Display
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TABLE 14. AIR-TO-AIR MESSAGES

Vector XXX for attack heading, speed 500 knots , angels
fifteen ; Target one aircraft, fifteen thousand ; Target
heading 360, speed 400 knots.

Attack heading is XXX , angels fifteen , speed 500 knots.

Steady on attack vector; Target XXX (bearing) at XX (range);
Take radar control for final attack .

Assigned altitude is fifteen thousand feet.

Assigned airspeed is 500 knots.

Assigned heading is XXX.

Hard Starboard (Port) -

Ea se Bank.

Hold Bank.

Harder Bank .

Turn Right (Left), heading XXX.

Heading is good.

Go down.

Hold altitude.

Climb .

Reduce Speed.

Hold Speed .

Increase Speed.

Break off attack to Starboard (Port).
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The typical instruction , therefore , takes at least one second

to complete. Some of the confidence maneuvers require only

several seconds to complete. The list of available words in

the voice system is contained in Table 16.

A flight envelope has been created for the training trials.

If the student flies beyond the limits, the simulator is frozen

and messages are output directing him to stop controlling the
aircraft and the reason for the abort. The basic criteria re-

flect incipient crashes or loss of control. While recovery

from unusual attitudes is a part of flight training , it is not

considered a part of the basic instrument flight maneuvers

syllabus . The freeze criteria are shown in Table 15.

TABLE 15. FREEZE CRITERIA

Angle-of-Attack >25 Units
Acceleration > 6 Units
Vertical Speed > 10 , 000 Feet Per Minute
Altitude < 1,000 Feet
Heading Rate > 6 Degrees Per Second

Figure 32 is a logic flow of the freeze function and
identifies the message output following each freeze condition.

Feedback data is provided the student on both knowledge

and perceptual motor skill. The feedback is accomplished using

three different media , i.e., the E&S display , the voice system ,

and the instructor.

The f irst feedback occurs at the conclusion of the trial
a f t e r  the f i na l  score has been computed . If a score above
criterion has been achieved, the voice system outputs a “Good
Run” message.
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TABLE 16 . VOICE SYSTEM WORD LIST

COGNITRONICS VOCABULARY ( ALPHABETIC)

21 above AS clear 68 feet 70 is

61 acknowledge 66 clearance OE fifty BO knots

Al add 26- cleared OC fifteen 31 land

24 adjust A6 climb AB final 32 leg

13 ahead 27 complete 07 five 81 left

4A air A7 contact 56 flaps 18 levci

62 altitude 5E control 2C fliqht 72 line

A2 and 54 correct 30 formation OR list

4B angel s AS correction 86 four  B2 low

53 angle 29 course 6C from 73 mach

23 approach 22 craft AC further 33 maintain

63 approaching 68 cross 2D glide 34 miles

93 assigned 94 decrease 4E go B4 min imum

A3 at A9 degrees 4C going 58 minus

6A attack 15 descend 6D good 35 minute

74 attitude 2A descent 49 half 75 missed

14 back 55 dive 78 hard 8E more

96 bank AA down 2E heading R5 nautical

A4 begin 95 ease OA high 3 navy

64 behind OD easy AE hold 48 nine

25 below 40 ed CC holding 76 no

8A brake 08 eigh t 2F hundred 19 nose

88 _board 88 engine 6? if 37 not

11. bomb 80 _er AF in B6 now

3C _bound 16 establish 97 increase 87 of

28 center 28 execute 57 _ing 59 of f

65 check iF fast 44 I . P .  77 okay
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TABLE 16 . VOICE SYSTEM WORD LIST (cont.)

COGNITRONICS VOCABU LARY (ALPHABETIC )

38 on 9A set 01 time 05 your

$5 one 87 seven 6E (tone , 45 zero
1000 Hz )

50 out BD sight A0 touchdown 92 z u l u

88 over 00 (si lence) 41 transmission

39 path 40 (silence) 60 tr im

79 pattern 80 (silence) 81 turn

B9 per 47 six SC ts~enty

Ox-’ percent 3E slightly 06 two

3A pitch 9E slow 71 _ty

9F place SB speed 02 under

SF plan 17 standard . 1D up

IA plus 7E star 51 vary

7A point 9B start 42 vector

4F port 70 steady 82 visual

5A power 91 steer 03 visually

BA precision IC stick 98 ward

99 pressure lB stop 5D watch

89 radar BE take AD way

3B rate 67 target 43 well

lB received 69 _teen 83 wheels

10 reduce 90 ten 04 wind

SF reverse 3F the 9D wings

BR r ight  7? th i r ty  1E with

7C roll BF thousand 83 wrong

09 route 46 three 12 xray

BC run 20 threshold 52 yankee

3D seconds 9C throttles 84 yaw
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Other feedback data are separatel y calculated. The data
collected for each maneuver as identified in Appendix C are

utilized . Both maneuver , control and procedures data are

utilized .

Maneuver and control data are processed for voice system

feedback . The scoring is as follows :

Where:
MF is the feedback score

— 
P is the error score for parameterMF- 

~ on segment nN is the number of segments

Table 17 identifies the parameters to be scored for each

maneuver. The data are scored only for the segments identi—

fied. Figure 33 contains the flow charts for this feedback

procedure . Table 18 identifies the threshold values for the
parameters identif ied in Table 17. The feedback parameter

vocabulary is contained in Table 19.

Th ub , for example, for the turn pattern , alti tude data are
scored first. The data on altitude (rms) were collected for

segments 2 through 14 (Table 9, Appendix C ) .  The data are
averaged . If the al t i tude (er ror )  score is greater than 100
feet ,  but less than 200 feet, the system outputs an “altitude
control okay ” message. The next parameter , in this case, speed ,

would then be scored .

The procedures feedback scores are also based on the data

collected in accordance with  Table 9. Since the available
vocabulary is l imi ted , the procedure feedback data will be

printed and then relayed to the student by the instructor.
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TABLE 17. VOICE FEEDBACK AND MANEUVER

MANEUV A~R PARAM ETE R 
____________

St
Turn Pattern h V Thrott’e

Vertical S—i h V A E Throttle

S—2 h V A E Thrott~ u

S— 3 V A E Throttle

Penetration q.~ - A E Thro t t l e

Aileron Roll 0

’ h - A E Throt tle

Wirtgover - - - A E Thrott e

Barrel Roll g — — A E T h r ot t l e

Loop 0 - - A E Throt t~-

Half Cuban Eight 0 - - A E Thro ttle

Immelman 0 - - A E Throt tle
Split S 0 — — A E Throt t le

Climbs & Dives (V) V A E Throttle

Climbs & Dives (S ,h) V A E Throttle

Turns (angle ) V 0 h A E Thro~ L1c

Turns (½ SR) V h A E Throttle

Climbs ~ Dives (Turns) V h A 1

Inverted Flight V h ~‘ A 1~ ‘L ’hruLt 4 1 ’

- - 
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TABLE 18. VOICE FEEDBACK THRESHOLDS

Score

PARAMETER “ GOOD” “OKAY” “NOT GOOD”

he ~ l0O ’ ~ 200 ’  > 2 0 0 ’

Ve lOktS 2Okts  > 20kts

Oe 50 -~~ 1OO > 100

~2.SO 50 > 50

~~ •50/”  ~~ .10/” > .10/”

Oe ~ 20/” ~~. 40/” > 4~~~ /t I

he ~-lOO’/’ -~200’/ ’  >200’!’

~ ½g -~ ig > Ig

Stick A XO .5. yo > yo

Stick E .5. xo .5- yo > yo

Throttle ~~ x° 5. yo > yo
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TABLE 19 . FEEDBACK VOCABULARY

Parameter Wor d

he “ALTITUDE”

Ve “SPEED”

• “ BANK”

“HEADING”

“TURN RATE”

“ BAN K RATE ”

“ALTITUDE RATE”

Stick A “ROLL ”

Stick E “PITCH”

Throttle “THROTTLES”
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Segment two ’s feedback score is computed at zero time
as follows :

F52 = 1 if all conditions in Table 9 are met

0 otherwise

If the score is 1, the printer prints an “anticipated

well”  message . If not, it prints “did not anticipate” .

A student record in the form of a line printer listing

is provided for each trial. Figure 34 is a sample student
record for the air-to-air beam attack .

The first three lines of the record contain student and

maneuver ID and conditions , i.e., Student Name , Date, Flight

(Session) Number, Maneuver Type , etc.. The next four lines
identify the assigned and actual entry parameters for the

trial , i.e., Altitude , Airspeed, Heading , etc. At this point,

the data collected for each segment of the trial is listed

by segment number. For each parameter measured in each seg-
ment the following conditions are listed :

• Parameter name ( PAM )

• Desired value (DSRD)

• The transform performed (XFM) on the
parameter, i.e. root mean square ( RMS) ,
standard deviation (SDEV) , etc .

• The raw transformed value (RAW)

• The weighting factor (WF ) applied to
the RAW value

• The parameter weighted value (WEIGHTED )

• Parameter type - System CS) or Control (C)
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The last line of each segment listing contains the

segment’s system, control and procedures scores plus the

time it took the student to complete the segment.

The line following the last regment p r in tou t  l is ts
the f i n a l  parameters for the t r i a l , i . e . ,  A l t i tude , Heading ,
Airspeed , etc. The next line prints the reason for ter-

mination of the trial.

I f , as in this case , the trial was an air-to-air
maneuver , target acquisition and firing/lost lock-on data
are printed as follows:

• The X,Y and Z distance coordinates as
compared to the target vector.

• The interceptor look—angle , heading and
airspeed at occurance of these events.

These data are omitted in a non-air-to—air maneuver.

The next line contains the maneuver final scores for

the system , control and procedure categories. The next

two lines list the total run time , the number of runs now
in the f i le , the run adjustment factor (actual run time/
nominal run time) and the maneuver weighting factor. The

final line provides the adaptive logic increment for selec-

tion of the next trial.

I
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APPENDIX E
OPERATING PROCEDURES

START-UP PROCEDURE

a. Initial Conditions

1. Sigma-7 computer and peripherals ON and operating
normally.

2. Ensure following circuit breakers at the Circuit Breaker
Panel are OFF :

(a) G—Rack

(b) CMC

C c )  Power Supply

3. Place Sigma-7 computer in IDLE mode.

4.  Insert F-4 Simulator Panel into Central Patchboard .

5. Turn the following circuit breakers ON at the Circuit Breaker
Panel :

(a) G—Rack

(b) CMC

Cc) Power Supply

6. Ensure all the buttons at the Moni tor Console are RESET
(out), except the following which should be SET (in):

(a ) Reset—to-Zero

(b ) y Roll

(c) y Pitch

Cd ) y Yaw

7.  Mount Student Record Tape on MTU 7. Depress START button.

b. COGNITRONICS1

1. Turn both switches at the COGNITRONICS Panel to ON.

2. Adjust COGNITRONICS speaker volume control at the rear of
the Monitor Console.

1Trademark
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c. Loading the F-4/B IFM Program from magnetic tape

1. Set all Sigma—i System Sense switches to 0 (zero).

2. Ensure the WRITE PROTECT switches for Disc OFl are
RESET (down position).

3. Boot F-4/BIFM Program Binary Tape onto Disc OF1
(s tandard Sigma-7 operating procedure) .

4 .  Load F-4/ IUFM program from Disc OF1 in Sigrta-7
memory (standard Si gma—7 operating procedure).

5. Depress the RUN button on Sigma-7 Supervisory Console
(F-4/BIFM Program is now running).

d. IDIIOM Display

1. Energize the IDIIOM and VARI~9 620/I computer (standard
IDIIOM procedure).

2. Load paper tape containing the BIFM Display List/Sigma-7
Communications Programs (standard IDIIOM loading
procedure) .

3. Place IDIIOM in STEP mode. Reset all IDIIOM Registers.

4.  Turn the following Sigma-7/IDIIOM Interface Switches to ON:

( a) POWER

(b ) ON-LINE

5. Place 1000 8 in P-Register (Display program starts at
location 1000 8) .

6. Depress SYSTEM RESET Switch , then RUN switch (Display
program is now running and ready for Sigma-7 communications).

7. Adjust THRESHOLD and INTENSITY knobs at main and remote
displays for best picture.

e. F-4 Trainee Subject Preparation

1. If this is f i r s t  session , present subject with BIFM
PRELIMINARY BRIEFING prior to subject entering cockpit.
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2. While briefing is being presented , depress the RESET-TO-
ZERO button on the Monitor Console and input STUDENT
FILE DATA (refer to Student File Inputs presented later
in this section).

3. Af ter BIFM PRELIMINARY BRIEFING , the subject will
enter the cockpit and conduct the Pre-f light Check.

4. Energize the Motion System (use standard procedure).

5. When subject is ready, release the RESET-TO-ZERO button
on the Monitor Console. At this point the program
becomes fully automatic until completion of the Exercise
Session .

NOTE : If at any time it is desired to
terminate the session , it may be
accomplished by again depressing the RESET-
TO-ZERO button on the Monitor Console .

BIFM EXERCISE OPERATTONS

a. The BIFM program is fully automatic and operator intervention
should be held to a minimum. Operator intervention , if required ,
may be accomplished via the controls at the Monitor Console.

NOTE : The following controls are inactive
since they are overridden by the BIFM
program.

1. ROUGH AIR INPUT

2. FUEL INCR/DECR INPUT

3. CENTER TANK ON/OFF INPUT

4. WING TANKS ON/OFF INPUT

SHUT-DOWN PROCEDURE

a. Subject Egress

1. Turn of f  motion system using standard procedure .

2. Have subject perform Post-Flight Check.
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3. When platform levels and locks, allow subject to leave
cockpit -

4. If a new subject is scheduled , re-start. (See START-UP
Procedure) .

b. Program Shut-Down

1. Depress sense switch #1 on the Sigma-7 Supervisory
Console and allow F-4 program to “run down ” .

2. After program stops, place Sigma-7 computer in IDLE
mode .

c. Generalized Control Station Shutdown

1. Depress the I/O RESET button on Sigma-i Supervisory
Console.

2. Turn the following switches at the Circuit Breaker Panel
to OFF:

( a )  G-Rack Switch

(b) CMC Switch

(c) Power Supply Switch

3. Remove F-4 Simulator Panel from Central Patchboard .

d. COGNITRO’I~ICS

- 
1. Turn both switches at the COGNITRONICS Panel to OFF.

e. IDIIOM Display

1. Turn THRESHOLD and INTENSITY knobs down at main and
remote displays.

2. Turn following Sigma-7 IDIIOM Interf ace Switches to OFF:

(a) ON-LINE

(b ) POWE R

3. Place IDIIOM in STEP mode .
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4. Follow standard IDIIOM shut-down procedure if no further
IDIIOM programs are to be run.

f. Dismount and Save Student Record Tape on MTU7.

STUDENT FILE INPUT PROCEDURES

a. Student name entry : $FILE NAME~~. Normal order of input can
only be accomplished when the RESET TO ZERO button on the
Monitor Console is depressed . Whenever this button is depressed ,
the keyboard printer responds with:

INPUT STUDENT FILE DATA

N AME can be up to eight characters. Blanks are ignored . Up
to twenty f i les  can be maintained . (

~~~ 
in all examples indicates

“new line” key.)

If a new file (name not already in file), the exercise is
automatically set to the first exercise, at the entry difficulty
level. The session number and run number are set to 1;
and the total number of runs for this file is set to 0.

Example:

Keyboard Input:

$FILE SMITH~
NOTE: Before any keyboard input can be
made , the lamp on the keyboard must be
illuminated. This is accomplished by
depressing the INTERRUPT button on the
Sigma-7 System Console.

Typewriter Response:

NEW FILE

N AME SMITH DATE / / /
EXER BIM LEVEL 01/5/8/5
SESS 0001 - RUN 0001
TOTAL RUNS THIS FILE 0000
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If an old file (name already in file), the date, exercise ,
level session number , run number , and total runs are
retrieved from the file and printed each time an existing f i l e
is requested. The session number is automatically incremented
by 1. Run number indicates the next run for this session and
is reset to 1 each time the session number is advanced.

Example:

Keyboard Input:

$FILE JONES~

Typewriter Response:

OLD FILE

N AME JONES DATE 08/01/76
EXER BIM LEVEL 09/5/8/3
SESS 0002 RUN 0001
TOTAL RUNS THIS FILE 0014

b. Date Entry : $DATE XX,XX/XX
n . The date may be inserted or

updated by this command . II~put is constrained to a rigid for-
mat in that two numbers separated by a slash (/) must be
supplied for the month , day and year.

Example: October 1, 1976

Keyboard Input :

$DATE

Typewr iter Response

NAME JONES DATE 10/01/76
EXER BIM LEVEL 01/5/8/3
SESS 0001 RUN 0003
TOTAL RUNS THIS FILE 0002

d. Exercise control override : $EXE R SUB XX/E/N/C
or

$EXER BIM—XX/E/N/C

The exercise and difficulty level set by the Adaptive Logic
Program can be overridden by this command.
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SUB and BIM are the three letter exercise designators
(SUB for subsyllabus and BIM for Basic Instrument Flight
maneuvers) and

XX - Maneuver Index
E - Entry Level = 5 C = Current Level
N - * o f Levels 8 1<C<N

Example:

Keyboard Input :

$EXER BIM = 01/5/8/7

Typewriter Response :

NAME SMITH DATE 10/01/76
EXER BIM LEVEL 01/5/8/7
SESS 0001 RUN 0001
TOTAL RUNS THIS FILE 0000

c. Run Change: $RNUM Nn. The current run number may be
changed by this commAnd .

Example :

Keyboard Input :

$RNUM

Typewriter Response:

NAME SMITH DATE 10/01/76
EXER BIM LEVEL 01/5/8/7
SESS 0001 RUN 0001
TOTAL RUNS THIS FILE 0000

d. Session Change: $SNUM N~~. Similar to $RNUM M in that that
session number is updates in the current f i l e ,  e .g.  $SNUM 15

e. Total Run Change: $TNUM N~ . Similar to $RNUM in that the
number of total runs in the current f i le is updated , e.g.
$TNUM 25.
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f. Delete Name : $DELE NAME Deletes the file indicated by
“NAME” and reinitializes i~ for future use by new students
(normally delete is used af ter  the student has completed
the curriculum).

Example:

Keyboard Response :

FOLLOWIN G FILE DELETED :

NAME HUNTLEY DATE 10/01/76
EXER BIM LEVEL 15/5/8/E
SESS 0004 RUN 0005
TOTAL RUNS THIS FILE 0100

g. Start Exercise : $GO~ This is a mandatory command used to
start the indicated session after all the necessary STUDENT
FILE DATA has been input. No further STUDENT FILE DATA
will be accepted until the RESET-TO-ZERO button is again
depressed .

Example:

$GO~

Typewriter Response:

START EXERCISE

ABSOLUTE P ROGRAM PATCHE S

Two commands allow the pr int ing or modif ication of any memory
location in the F-4/BIFM program . They should be used , therefore ,
wi th  caution so tha t inadvertent program anomalies are not introduced .
Absolute Program Patch commands are identified by the character ,
+ (plus) -

a. Memory Location Pr int ing

One memory location may be typed out using the following
forma t :

+ P RTLLLL~
where: LLLL is a 4-digit hexadecimal memory location.
Leading zeros must be inc luded for memory locations less
than 4 d igi ts .  The typewriter will respond with the 8-digit
hexadecimal contents of location LLLL.
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Example :

Keyboard Input :

+PRT 03F9~
Typewriter Response :

FIF6F2F3

which indicates memory location 03F9 contains the
hexadecimal number F1F6F2F3.

b. Memory Location Modification

One memory location may be modif ied using the following
format:

+MOD LLLL, MMMMMM14M~

where: LLLL is a 4-digit hexadecimal memory location which
is to be modified with the value MMMMNMMM. Leading zeros
must be included if LLLL is less than 4 digits or MMNMMNMM
is less than 8 digits.

If the value is accepted , no typewriter response will be given.
If the input is in error, the typewriter will respond with :

“ILLEGAL INPUT FORMAT ”

Examples:

Keyboard Input:

+MOD 12C5, 6AF00834
1

Typewriter Response: None

Keyboard Input:

+MOD lA6l , F0FlF2F~

Typewriter Response : ILLEGAL INPUT FORMAT (only 7
-haracters for modification value )
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APPENDIX F
AIR-TO-AIR ATTACK CONTROLLER MODEL

GENERA L

The basic Air-to-Air Attack Controller Model developed for
Appli-Mation by Mr. Steve Barnaby of Canyon Research Group, Inc.
is presented in this Appendix.

DESCRIPTIVE GEOMETRY 
-

Contained within the intercept problem are several
important factors. These include the constant turn rate of
the interceptor , the speed advantage of the interceptor and
the location of the intercept point (aft of the target). The
first defines the characteristics of the intercept geometry
while the latter two create complications in the descriptive
geometry . For the purpose of the analysis, the concept of an
intercept point is used vs the target position. The intercept
point is defined as that point which is astern of the target
at which the interceptor ’s heading is identical to that of the
target’s. By using this point as the reference , the geometry
becomes independent of the turn rate as that variable can be
included with in  the calculation of the radius. The equation
for the radius becomes:

D = 2R = 0.63662 V1 (180/TR)

The use of this simplif ication allows the measure of
distance in units of radius thus providing a generalized
geometry profile. The path profile of the intercept is il-
lustrated in Figure 35. When the target and interceptor have
identical speed (ie; k = 1 = Vt/V1), the path profile is a
cycloid. The point of symmetry resides at pi*R in the X axis.
With speed advantage , the profile alters significantly with
the limit being a circle (ie; V~/V~ ÷ 0). The velocity profile
in all cases is circular which is shifted below the X axis
equal to k. Two plots of control parameters have been computed
and calculated. One is a plot of the direction vector (mag-
nitude vs angle) which is illustrated in Figure 36. The other
is a plot of closure rate vs distance which is illustrated in
Figure 37. Both of these are common in control guidance. Table
20 lists the distance data and Table 21 the velocity data for tbe plots.
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DISTANCE PLAN COMPONENTS VS DTG
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T)IBLE 20. DIS~~~~~ DP1Th

DTG X Value y Distance Vector
k—i k— .8 k — .667 Value k~~l k’~— .8 k .667

0 0 0 0 0 +0/90 +0/180 +0/180

10 .001. — .033 — .057 .015 .015/86.7 .036/155.6 .059/165.3

20 .007 — .063 —.109 .060 .061/83.3 .087/136.1 .125/151.1

30 .024 —.081 — .151 .134 .136/80.0 .157/121.2 .202/138.4

40 .055 — .084 — .177 .234 .240/76.7 .249/109.8 .294/127.2

50 .107 —.068 —.184 .357 .372/73.4 .364/100.8 .402/117.3

60 .18]. —.028 — .168 .500 .532/70.1 .501/93.2 .527/108.6
70 .282 .038 — .125 .658 .716/66.8 .659/86.7 .670/100.8

80 .411 .132 —.054 .826 .923/63.5 .837/80.9 .828/93.7

90 .571 .257 .047 1.000 1.151/60.3 1.032/75.6 1.001/87.3

120 1.228 .809 .530 1.500 - 1.939/50.7 1.704/61.6 1.591/70.5

150 2.118 1.594 1.245 1.866 2.823/41.4 2.454/49.5 2.243/56.3

180 3.142 2.513 2.094 2.000 3.724/32.5 3.212/38.5 2.896/43.7

210 4.165 3.432 2.943 1.866 4.564/24.1 3.907/28.5 3.485/32.4

240 5.055 4.217 3.659 1.500 5.273/16.5 4.476/19.6 3.954/22.3

270 5.712 4.770 4.142 1.000 5.799/9.93 4.874/11.8 4.261/13.6

280 5.872 4.894 4 .243 .826 5.930/8.01 4.964/9.58 4.322/ 11.0
290 6.001 4.989 4.314 .658 6.037/6.26 5.032/7.51 4.364/8.67

300 6.102 5.055 4.357 .500 6.122/4.68 5.079/5.65 4.385/6.55

310 6.177 5.094 4.373 .357 6.187/3.3]. 5.107/4.01 4.388/4.67

320 6.228 5.111 4.366 .234 6.232/2.15 5.116/2.62 4.372/3.07

330 6.260 5.108 4.340 .134 6.261/1.23 5.109/1.50 4.342/1.77

340 6.276 5.089 4.298 .060 6.276/0.55 5.090/0.68 4.298/0.80
350 6.282 5.061 4.246 .015 6.282/0.14 5.061/0.17 4.246/0.21

360 6.283 L027 4.189 0 6.283/0.00 5.027/0.00 4.189/0.00
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TABLE 21. VElOCITY DT~TA

D’l’G Velocity Vector I r—Closure Velocity—i
k—i k— .8 k— .667 k— i k~~.8 k— .667

0 0.000/90 .200/180 .330/180 0 .200 .333

10 .174/85 .254/136.8 .362/155.4 .174 .240 .357

20 .347/80 .369/112.2 .438/128.6 .346 .337 .405

30 .518/75 .504/97.5 .538/111.7 .516 .461 .481

40 .684/70 .644/87.0 .650/98.8 .679 .594 .572
50 .845/65 .782/78.4 .766/88.2 .836 .723 .669

60 1.000/60 .917/70.9 .882/79.1 .985 .848 .768

70 1.147/55 1.045/64.0 .994/70.9 1.123 .964 .862

60 1.286/50 1.167/57.5 1.101/63.4 1.250 1.071 .951

90 1.414/45 1.281/51.3 1.202/56.3 1.364 1.168 1.030

120 1.732/30 1.562/33.7 1.453/33.6 1.620 1.380 1.162

150 1.932/15 1.739/16.7 1.612/18.1 1.731 1.462 1.267

180 2.000/0 1.800/0 1.667/0 1.687 1.409 1.205

210 1.932/—15 1.739/—16.7 1.612/—18.1 1.499 1.143 1.025

240 1.732/—30 1.562/—33.7 1.453/—33.6 1.192 .933 0.815

270 1.414/—45 1 281/—5l.,3 1.2021—56.3 .812 .786 0.414

280 1.286/— SO 1.167/—57 .5 1.101/—63.4 .681 .454 —.296

290 1.1471—55 1.0451—64.0 .994/—70.9 .552 .331 .180

300 1.000/—60 .917/—70.9 .882/—79.1 .428 .213 .067

310 .8451—65 .782/—78 .4 .766/—88.2 .312 .103 — .038
320 .684/—70 .644/—87.0 .650/—98.8 .210 .004 — .133

330 .518/—iS .504/—97.5 .5381—111.7 .123 — .092 — .214

340 .347/—80 .369/—112.2 .438/—128.6 .057 — .143 — .278

350 .174/—85 .254/—136.8 .3621—155.4 .015 — .186 — .330

360 0.000/—90 .200/—lao .330/—180 0 — .200 — .333
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INTERCEPT MODEL

Either indication of path profile can be used for guidance
and control. Math models of both have been derived during this
effort. Both are accurate and both are effective to 10 DTG by
which time rollout is expected to be underway . The model for
the distance vector method is slightly more accurate than the
model involving closure rate; however , the latter control model is
similar to the Air Force approach to the intercept problem.

Distance Vector Model. The profile desired in this model was
previously presented in Figure 36. The profile maintains es-
sentially a straight line between 120 and 240 DTG. The slope
of the straight line is dependent upon k (speed advantage). Be-
low 120 DTG, the slope sof tens to zero at the angle axis inter-
cept. The decay rate of the slope is k dependent. Simulation
greater than 240 DTG, while of marginal value, can be modeled by
the continuation of the straight line until a k dependent limit
is reached . The best fit model is contained in Figure 38. Its
accuracy per data point is generally better than 2%.

The concept of this model is based upon the rela tive angle
of the interceptor from the intercept point. Knowing this value ,
one applies the equation to determine the value X (i.e.; the
number of radii). The radius equation is then used to relate the
X value , the actual range and the turn rate. By use of the three
parameters , both the entry and guidance information can be ob-
tained. Additionally , by use of allowable turn rates , perform-
ance measures can be imp,lemented.

Closure Rate Model. The profile desired for this model was pre-
viously presented in Figure 37. It is essentially an elliptical
path in which the closure rate is bimodal. At high DTG values,
the profile path deviates from an elliptical path. However , this
occurs above 240 DTG. The deviation from the elliptical path
is also k dependent with only minor errors occuring at k equal
to 1.

The best fit model is illustrated in Figure 39. Its accur-
acy per data point is generally better than 6%. The usage can be
the same as the previous model with the input parameter being
closure rate. However , since it is bimodal , there would be two
answers . This can be resolved by noting the existing DTG (i.e.;
below 160 DTG accept the smaller X; above 160 accept the larger
value). Another way to solve the same model is to solve for the
computed closure rate using the actual range and turn ra te, f ind
the closure rate error and use the differential of the ellipse
equation to determine the delta X or its reciprocal which is delta
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GENERAL EQUATIONS:

X M A + b + C A 1~

Where:
M (—0.1466k + 0.0491)

b= 5.5 33k + 1.37

C= 0.0157k — 0.0071 
-

A1= ( A - A 0) if xp~us , else zero
— (4 .483k + 0.492)

(0.1466k — 0.0491)

P= 1.5
A= Actual Angle
k =  Speed Ratio = - 

_____________________________

Target Speed o A ~In terceptor Speed

Figure 38. Distance Vector Model

~~~~~~~~~~~~~~ ellipse
PATH EQUATIONS:

CR c-~ (2XGX - X
2)½ ~~

Where:

CRG= 1.41k + 0.333 ~160 DTG
XG 2.54k + 0.59

or X

X= XG ± XG [CR G
2 - CR 2]¼

DIFFERENTIAL
dX [2 (2 X cX - x 2 ) ½/ rate —

(CR G/X G ) (2 X G 
- 2X)]dcR

Figure 39. Closure Rate Model
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tu rn  rate . By this latter approach , guidance can be para-
phrased in terms of turn rates instead of closure rates since
turn rates are more easily related to pilot input commands.
Performance measures as in the previously described model
could consist of allowable turn rates.

Pilot Model. Since both models output turn rate and the
pilot control is via roll position commands , the relation-
ship between the two must be obtained . This relationship
was described by Vreuls and Obermayerl and is illustrated
in Figure 40. Once the desired change in turn rate has been
established by the model , the desired change in roll can be
defined by use of the differential of the roll/turn rate
relationship. By use of the differential , the fixed magni-
tude relationship defined in Figure 40 can be eliminated .
This differential is illustrated in Figure 41. This allows
the correction to be phrased in terms of adding or subtracting
delta roll degrees from the present value and allows a direct
conversion of the math model of the profile to the pilots
control par ameter.

Another factor involving the pilot model is time delays.
As pointed out by Vreuls and Obermayerl, the pilot model ex-
hibits two significant time delays. One is response time which
includes the period from the beginning of the message to
when he starts the control action. The second time factor is
rise time which is the time required to establish the roll
command requested . Based upon the results of the study , re-
sponse time is a simple delay of 0.9 seconds while rise time
is composed of a simple delay and roll dependent component
of 0.5 + 0.03 * roll angle. Combining these two creates a
lead term requ irement for the issuance of commands.

Another factor involved in guidance is when commands
should be issued. To eliminate over correction , one must
take into account the rate of deviation from the desired
path and the presence of a current command. If the rate is
closing , anticipation of crossing the path prof i le  provides
the cue for eliminating the rate term. If the rate term is
not changing and the prof ile error is with in tolerance , a
closure command is not necessary since he is wi thin the
tolerance band . If the rate is diverging wi thout a curren t
command , a correction message should be generated . If a
current message exists , the program mu st look for a recent
control response which would correct for the divergence

1Vreuls,  D. and Obermayer , R. Study of Crew Performance
Measurement for High Performance Aircraft Weapon System
Training:  Air- to—Air Intercept. NAV’rRADECCEN
0059—1 , Manned Systems Sciences, Inc., February 1971.
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or else over-control is probable. The concept of a current
message should be based upon the time delays presented
earlier.

MODEL IMPLEMENTATION

Three types of air—to—air attacks were implemented based
upon the closure rate module. These were:

• Beam Attack

• Forward Quarter Attack

• Head-on Attack

The specific intercept discussed below is the beam attack.
The forward quarter and head-on attacks are similar in nature
to the beam attack except for the initial conditions and the
elimination of 300 turn toward the target.

The plan view of the starboard beam attack is shown in
Figure 42. The tactically generated profile of the beam con-
vergence intercept is to establish a 90 DTG path at 20 NM
which is a collision course (i.e.; Y distance = 5/4 of the X
value or maintenance of —128.66 degrees relative angle). At
13 NM, the interceptor turns to 120 DTG until the target
crosses its nose (approximately 8 NM). The interceptor then
starts the constant turn profile to intercept with the nominal
roll angle of 45 degrees. Based upon the descriptive geometry ,
the actual initiation should occur at 7.48 NM from the inter-
cept point at which time the intercept point bears 1.6 degrees
off  the nose. The difference indicates that in the tactical
description , the interceptor is ahead of the actual require-
ment by approximately the target lead distance. Substituting
the intercept point for the target will accomplish the proper
intercept.

Figures 43, 44 and 45 expand upon the plan view of Figure
42. Figure 43 presents the initial constant bearing geometry
and equations which corresponds to the “rela tive line @ V1<
270” path in Figure 42. Figure 43 illustrates the geometry
and equa tions for the command to the 120 DTG intercept poin t
which are va lid for the “rela tive line ~ V1 < 240” path in
Figure 42. This occurs once the interceptor has turned 300
toward the target to intercept the 120 DTG point. Figure 45
depicts the RI O geometry and equa tions wh ich occurs once the
interceptor reaches the 120 DTG point and contin es until the
interceptor reaches the “lock-on” position astern of the target.

The forward quarter and head—on attacks are similar to the
beam attack except the interceptor is initialized at a range of
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75 -

50—

Roll

25—

0— I I
2 4 6 8 10

Turn Rate

Figure 40. Roll versus Turn Rate

15-
droll = O.4343 (51.5)/TR

\ 

= 22.37/TR

10

droll
dturn rate

5 —

0 -  I
2 4 6 8 10

Turn Rate

Figure 41. ~Roll versus Turn Rate
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V

20 NM from the target at a bearing and on a course to intercept
the 150 DTG and 180 DTG points respectively. Once the appro-
priate DTG point is reached the same geometry and equations list-
ed in Figure 45 apply.
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LIST OF ABBREVIATIONS , ACRONYMS AND SYMBOLS

ACM Air Combat Maneuvering

ACT Air Training Command

AF Final Attack Score

AFB Air Force Base

AFH RL Air Force Human Resources Laboratory

AFT Automatic Flight Training

AILS Aileron Input

ALT Altitude

AN Airways Navigation

AOA Angle of Attack

A/S Air Speed

ATE Automatic Training Evaluation

BETA Side Slip Angle

81 Basic Instruments

BIFM Basic Instrument Flight Maneuver

BIM Basic Instrument Maneuver

CBT Constant Bank Turns

C/D, C&D Climb(s) and Dive(s)

CDT Climbing and Diving Turns

CG Center of Gravity

C/T Configuration/Turbulence Difficulty Levels

CIC Combat Information Center

CNATRA Chief of Naval Air Training

t CON? Configuration

Cuss Control Score for maneuver a
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LIST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (cont.)

TERMS

CQ Carrier Qualification

Csn Control Score for segment n

D/C Dive/Climb

Decr Decrease

DTG Degrees to go

Deg Degrees

DSRD Desired

e Elapsed

ELVS Elevator Input

E&S Evans and Sutherland Display

EXER Exercise

F Formation

FAF Final Approach Fix

PAM Familiarization

fpm , ft/mm Feet per minute

ft Feet

G Acceleration

GCA Ground Controlled Approach

GCAM Ground Controlled Approach Module

GCI Ground Controlled Intercept

GUN Gunnery

Initial Approach Fix

lAS Indicated Air Speed
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LIST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (cont.)

TERMS

ID Identification Data

IP Instructor Pilot, Initial Point

Incr Increase

INV Inverted Flight

k Target/Interceptor Speed Ratio

K Number of Parameters

kts Knots

KIAS Knots Indicated Airspeed

L Left

LA Look Angle

lbs Pounds

M Feedback Parameter

MIL Military

MIN Minute

NP Feedback Parameter

MRT Military Rated Thrust

N Number of Segments

NAS Naval Air Station

NATOPS Naval Air Training & Operating Procedure
Standardization Program

NAV Navigation

NAVTRAEQUIPCEN Naval Training Equipment Center

N? Night Familiarization

NM Nautical Mu ss
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LIST OF ABBREVIATIONS , ACRONYMS AND SYMBOLS (cont.)

TERMS

p Parameter

Parameter Error

Pck Control Score for parameter k

Prna Procedures Score for maneuver a

Psn Procedures Score for segment n

Isk System Score for parameter k

PWR Power Setting in % RPM

R Right, Range

R&D Research & Development

RI Radio Instruments

rms Root Mean Square

RPM Revolutions Per Minute

Target Range

RTS Readiness Training Squadron

sec Second(s)

SESS Session

SDV Standard Deviation

S &L  Straight & Level

Sma System Score for maneuver a

SWI’ Standard Rate Turn

Ssn System Score for segment n

Aileron Stick Input (angle)

SE Elevator Stick Input (angje )
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LiST OF ABBREVIATIONS , ACRONYMS AND SYMBOLS (cont.)

~‘ERM S

SU B Subsyllabus

Time

T/~C Tactical Air Command

‘TACAN Tactical Air Navigation

~ACF Tactical Formation

TDFR Target Displacement .~ t Firing

TDLO Target Development at Lock-On

Th Throttle

TR Technical Report

TRADEC Training Device Computer

TURB Turbule’~ce

VF Fighter Squadron

VT Training Squadron

Weighting Factors

WEP Weapons

Weighting Factor

Wck Weight of Control Parameter score k

W
~ c 

Weight of Control Score for segment n

Weight of System Score for segment n

Wsk Weight of System Parameter score k

WST Weapons System Training

XFM Transform

I
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LiST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (cort.)

SYMBOLS

Angle of Attack

Angle of Slide Slip

Bearing to Target

Increment Change

Pitch

o Pitch Rate

Bank

Roll Rate

Bank Error

Roll Rate Error

Heading

Turn Rate

Interceptor Attack Heading

Heading Error

Turn Rate Error
e

Initial Interceptor Heading

Target Heading

Degrees

‘ Feet

G, g Acceleration (Normal Acceleration)

h Altitude

Vertical Speed

h Altitude Error
e

Vertical Speed Error
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LIST OF ABBREVIATIONS , ACRONYMS AND SYMBOLS (cont.)

SYMU L.S

Initial Interceptor Altitude

h~. Target Altitude

Range to Target

t Time

V Speed

Ve Speed Error

V1 Initial Interceptor Speed

VT Target Speed
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