DELFT UNIVERSITY OF TECHNOLOGY
FACULTY OF AEROSPACE ENGINEERING

Course  : Aerospace Human-Machine Systems (AE4316)

Date :Jan 25, 2016 from 09:00 until 12:00 hr

Lecturer : dr.ir. M.M. van Paassen et al.

Remarks : Write your name, initials and student number on your work.

Answer all questions in English and mark all pages with your name.

Instructions

This exam consists of 6 questions.

Allowed Items

Formula sheet ae4316
Calculator (programmable calculators are not allowed)
scrap paper, ruler, protractor

Grading information

The exam consists of 6 questions, each correctly answered question is awarded 15 points. The final

mark is then:
1<146/10%(0...15) <10
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Figure 1: Closed loop manual control task: a following task with a compensatory display.
human pilot

remnant n
controller plant

Hy(jo) Ha(jo) H(jo)

describing function

Figure 2: Closed loop manual control task: a following task with a compensatory display, with a
control system added.

1. PILOT MODELS

Figure 1 shows a closed loop manual control task. In this figure, H.(jw) depicts the system to
be controlled and H,(jw) the pilot frequency response function. The system to be controlled
has the following dynamics:

— Kc

- gw(l +jw)’

with K. = 4. Also in this figure, n represents the pilot remnant signal, and d represents the
signal to be followed, which has a bandwidth of 1.1 rad/s.

H.(jw)

[a] Draw a Bode plot of the system dynamics H.(jw).
[b] Derive a relationship between the inputs to the closed loop (n and d) and the output m.

[c] Based on McRuer’s crossover model, what do you suggest to be the structure of the pilot
model H,(jw)? Explain your answer.

[d] Using the Verbal Adjustment Rules, compute the parameters of the pilot model, the
crossover frequency, and the phase margin.

Now, a bright student decides that in order to help the human pilot, a fly-by-wire system
needs to be installed, see Figure 2. Here, H,(jw) represents an automatic controller with
dynamics of your choice.
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[e]
[f]

What are the ‘equivalent dynamics’ to be controlled by the human pilot?

What would the dynamics of the automatic controller ideally be, from the perspective of
the pilot? Derive the controller’s frequency response and explain your answer.

2. AUTOMATION

[a]

[b]

Automation can be defined as “the full or partial replacement of a function previously
carried out by a human”. Current aircraft automation consist of, amongst others, a
Traffic Collision Avoidance System (TCAS), fly-by-wire (FBW) control systems, and a
Flight Management System (FMS). Given that human behavior can be classified as skill-,
rule-, and knowledge-based behavior, what type(s) of human behavior is/are replaced by
a TCAS, FBW, and FMS, respectively? Motivate your answers. (s points)

To what extent a system can be successfully automated depends on the “openness” of a
system. What does this mean in the context of aviation automation? (2 points)

Besides several advantages, automation can also have some clear disadvantages. These
disadvantages can be expressed as ironies of automation. Describe the five ironies of
automation and clearly indicate what exactly the irony is. (s points)

The ironies of automation can result in several human performance related problems,
most notably vigilance and complacency problems. What do vigilance and complacency
problems mean in the context of aircraft automation? (2 points)

To improve human-automation interaction, the late Charles Billings introduced the con-
cept of Human-Centered Automation (HCA). In a nutshell, the HCA concept requires
that automation must be more ‘transparent’. Explain what is meant by ‘transparent’ in
terms of monitoring automated advisory systems. (s points)

3. VISUAL PERCEPTION AND VISUAL DISPLAYS

Several compatibility principles for displays exist, like the “Principle of pictorial realism” and
the “Principle of the moving part”.

[a]
[b]
[c]

[d]

What is the “principle of pictorial realism”? (2 points)
What is the “principle of the moving part”? (2 points)

Consider the set of classic flight instruments as depicted in Figure 3. For the following
instruments, discuss the compatibility issues involved in the two principles listed above:

e A classic speed indicator (z points)
e A classic climb speed indicator (2 points)

A conventional artificial horizon display, as shown in Figure 3, is based on a representation
that is commonly referred to as “inside-out”.

e What is the “inside-out” representation? (2 points)

e What is the alternative representation called? @ points)






