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

Answer all questions in Enghsh and mark all pages w i t h your name. 

This exam consists of 6 questions. 

Instructions 

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 f inal 

mark is then: 

1 < 1 + 6 /10* ( 0 . . . 15) < 10 
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Figure 2: Closed loop manual control task: a following task w i t h a compensatory display, w i t h a 

control system added. 

1. P I L O T M O D E L S 

Figure 1 shows a closed loop manual control task. I n this figure, Hc{juj) depicts the system to 

be controlled and Hp{j(jj) the pilot frequency response function. The system to be controlled 

has the following dynamics: 

w i t h Kc = 4. Also i n 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. 

a] Draw a Bode plot of the system dynamics Hc^juo). 

[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 Hp{jiü)? 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 fiy-by-wire system 

needs to be installed, see Figure 2. Here, Ha{ju)) represents an automatic controller w i t h 

dynamics of your choice. 
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e] What are the 'equivalent dynamics' to be controlled by the human pilot? 

[f] What would the dynamics of the automatic controller ideally be, f r om the perspective of 

the pilot? Derive the controller's frequency response and explain your answer. 

2. A U T O M A T I O N 

[a] Automat ion can be defined as 'Hhe full or partial replacement of a function previously 

carried out by a human". Current aircraft automation consist of, amongst others, a 

Trafiic Collision Avoidance System (TCAS) , fiy-by-wire ( F E W ) 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, F E W , and FMS, respectively? Motivate your answers. (3 points) 

b] 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) 

[c] 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. (5 points) 

[d] 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) 

e] To improve human-automation interaction, the late Charles Billings introduced the con­

cept of Human-Centered Automat ion (HCA) . I n a nutshell, the H C A concept requires 

that automation must be more 'transparent'. Explain what is meant by 'transparent' in 

terms of monitoring automated advisory systems. (3 points) 

3. V I S U A L P E R C E P T I O N A N D V I S U A L D I S P L A Y S 

Several compatibil i ty principles for displays exist, hke the "Principle of pictorial realism" and 

the "Principle of the moving part". 

[a] What is the "principle of pictorial realism" ? (2 points) 

[b] What is the "principle of the moving part" ? (2 points) 

c] Consider the set of classic fiight instruments as depicted in Figure 3. For the following 

instruments, discuss the compatibil i ty issues involved in the two principles listed above: 

• A classic speed indicator (2 points) 

• A classic climb speed indicator (2 points) 

d] A conventional art if icial horizon display, as shown in Figure 3, is based on a representation 

that is commonly referred to as "inside-out". 

• What is the "inside-out" representation? (2 points) 

• What is the alternative representation called? ( i points) 
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Figure 3: Classic flight instruments i n a 'basic T ' arrangement. 

• I n the light of the two display compatibil i ty principles discussed above, what are the 

main differences between the two alternative representations? (4 points) 

4. H U M A N E R R O R 

The foUowing description is about an incident w i t h a Boeing 737-800 

D e s c r i p t i o n 

On 31 May 2014, a Gulfstream I V (N121JM) registered to SK Travel and being operated under 

lease by Ar iz in Ventures on a private business flight f r om Bedford M A to Atlant ic City NJ 

ini t iated a high speed rejected take off in normal ground visibi l i ty at night and subsequently 

overran the end of the 2140 metre-long runway 11 by approximately 570 metres. During the 

overrun, the aircraft collided w i t h ground obstructions before ending up in a gulley where a 

post crash fire consumed most of the aircraft wreckage. The three crew and four passengers 

died and the aircraft was destroyed. 

I n v e s t i g a t i o n 

A n Investigation was carried out by the NTSB. The FDR, C V R and Q A R were recovered 

f rom the wreckage and data f rom all three was successfully downloaded. The Q A R data 

covered 303 hours of data on 176 fiights. A Prehminary Report on the in i t ia l progress of the 

Investigation was published on 13 June 2014. 

The continuing investigation established that the 45 year-old aircraft commander and the 61 

year-old Co-pilot were both qualified to act as pilot in command of the accident aircraft and 

constituted the usual fiight crew for the operator's only G-IV. They "customarily changed 

seats between fiights" w i t h the pilot occupying the left seat acting as the commander. The 


