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SECTION I

INTRODUCTION

A. DEVELOPMENT OF PILOT CONTROL
STRATEGY IDENTIFICATION

Pilot control strategy or piloting technique refers to the manner 1in

which the human pilot perceives and processes specific information and
manipulates the aircraft controls based on that information in order to
perform a given task or maneuver. The principles of manual control theory
(Ref. 1) rest on the notion that, given an aircraft and a task to perform,
the skilled pilot is an efficient selector and processor of available and
essential information (cues), respectively. This leads to control actions
by which the pilot executes a task with a defined precision in a timely
and stable manner even in the presence of disturbances, interruptions, and

the demands of other tasks.

It has been possible over recent years to measure how the human opera-
tor performs a task, especially where that task is well defined. For
example, the single-axis tracking task with one cue and one controller
inherently restricts the basic loop structure. Further, if the controlled
element dynamics are essentially stationary, then a spectral treatment of
the pilot’s cue-control relationship i{s easily obtainable based on control
theory in the frequency domain, In this context classical describing
functions of pilot control strategy have been widely and sucessfully ap-
plied. Time domain parameter identification based on modern control
theory techniques has also received substantial attention. A recent syn-

opsis of pilot modeling approaches can be found in Ref. 2.

The pilot identification process can be generalized in the form shown
in Fig. 1. The objective is to structure and quantify the human operator
using available measurements of the actual operator stimuli and re-
sponses. This can be accomplished in many ways, however, using any number

of combinations of the 1identification techniques listed in Table 1. The

TR-1188-2 1
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TABLE 1

SUMMARY OF IDENTIFICATION TECHNIQUES

IDENTIFICATION METHODS

Describing function analyzer

Finite Fourier transform cross—spectral analysis
Finite Fourier transform input-output analysis
Cross—-correlation analysis

Response error

Equation error

Sampled-data correlation (NIPIP)

DISTURBANCE INPUTS
Injected test inputs
Sum of sine waves
Frequency sweep
Pseudo-random binary
Random

Existing inputs

Deterministic
Random (NIPIP)

SOLUTION CRITERIA
Time domain

Maximum likelihood
Least squares (NIPIP)

Frequency domain
Weighted least squares
SEARCH PROCEDURES

Parallel-tangent
Davidon-Fletcher—-Powell-Levenberg
Newton-Raphson

Random

Simplex

Direct solution (NIPIP)



NIPIP approach presented in this report represents only one set of those

techniques, but it 1s a powerful and relatively uncomplicated process.

Although the computer algorithms of NIPIP are fairly simple, the real
challenge 1lies in developing the assumed form of structure of the pilot
control strategy which 1s to be fitted to the data. This consists of
defining a finite difference equation which 1is linear with respect to
unknown parameters. While this 1is partly an art at this stage, a
practical working knowledge of manual control theory is a valuable aid in

obtaining successful results.

B. OBJECTIVES OF THIS STUDY

The main objectives of the study described herein were to develop,
implement, and demonstrate NIPIP software for NASA Dryden Flight Research
Facility. Several examples of existing F-8 digital fly-by-wire flight
data were treated to serve as a guide to the pllot control strategy analy-
sls process. Additionally, applications to a future aircraft flight
program, the AFTI/F-16, were discussed. Recommendations were then de-
veloped regarding a future addition of interactive computer graphics to

NIPIP.

TR-1188-2 4



SECTION II

IDENTIFICATION OF PILOT CONTROL STRATEGY

The purpose of this section 1s to provide the reader with a pragmatic
perspective for characterizing and identifying pilot control strategy.
This process cannot yet be done entirely automatically either through the
use of NIPIP or any other parameter identification algorithm. Rather the
analyst must apply his or her own skills and experience in discovering and
quantifying the particular control strategy employed by the pilot. It is
essential to exploit systematically all the resources at hand in this

exercise.

A. TASK MODELS AND PILOT MODELS

It is necessary to distinguish the dynamics associated with the exe-
cution of a task from those of the pilot, per se. The task model includes
the total maneuver specification, command inputs, inanimate parts of the
outer or task loop structure, and the overall closed~loop response of the
pilot-vehicle combination as well as the effect of any environmental dis-
turbances such as gusts. The pilot model is an element in that chain
which includes the cue-control loop structure which we call piloting tech-
nique and the perceptual features associated with the pilot. These

distinctions are shown in Fig. 2.

It has been found that pilot control strategy identification is us-
ually a multistep process. It 1is necessary to understand first the
overall piloting task then to hypothesize the form or structure of the
pilot’s control strategy commencing with the exterior pilot control loops
and progressing to the interior ones. 1Indispensable to this progression
is a thorough knowledge of the vehicle dynamics. This general analytical
procedure will be demonstrated in the several examples to be presented

shortly.
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B. TRACKING TASKS AND DISCRETE MANEUVERS

There are two main kinds of piloting tasks to which NIPIP has been

applied: tracking tasks and discrete maneuvers . In general both

varieties can be expected to be involved in any piloting situation or
flight phase. For example, a landing flare 1is itself a discrete maneuver,
but the pilot’s inner-loop regulation of pitch 1is a kind of tracking
task. A change of heading is a discrete maneuver with respect to heading
control, but there is also an inner-loop bank-angle tracking task involved
In supporting the heading change. However the outer loop is not always a
discrete maneuver. For example, tracking an ILS glide slope is an outer-
loop tracking task. If flaps are selected upon intersecting the glide
slope and initiating the descent, the flap selection could be considered
as an "inner 1loop" discrete task. Clearly each case needs to be
considered 1individually; nevertheless, we shall try to be as general as

possible.

In dealing with either tracking tasks or discrete maneuvers, it is
useful to concentrate first on the task model. TIf the task model can be

quantified adequately, then the pilot aspects, per se, can be addressed.

C. EXAMPLES OF TRACKING TASKS

Tracking tasks generally involve a fairly self-evident control strat-
egy, at least on a compensatory level. There is normally a well-defined
command input-referenced error signal and cockpit controller. For exam-—
ple, maintenance of airspeed involves a predetermined reference speed,
Viegs» and a prescribed means of adjusting speed, usually either throttle
or pitch attitude. Mailntaining Vref is normally a fairly long~term job,
and it 1s likely that several oscillations about Vief wWould be observed
during a sampled interval of the task execution. In contrast, a discrete
speed’ change maneuver involves the step application of a new, signifi-
cantly different value of Veef 8nd the speed transient and the settling to

a new speed.
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