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* Short Introduction to Control and Simulation,
Aerospace Engineering, TUDelft

* Aspects in Flight Deck Interface Design

* Cognitive Systems Engineering/
Ecological Interface Design

* Work Domain Analysis

* Some Examples

* Closed loops and the match to flight skills
* (Conclusions
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Control and Simulation — AE - TUDelft

Human-Machine
Systems

Guidance, Control
and Navigation

laboratory aircraft - BT CHICIES -+ flight simulator
UAV helicopter

human-machine systems laboratory




prof. dr Bob Mulder division head
dr ir René van Paassen associate professor
dr ir Max Mulder associate professor
ir Xander in 't Veld division test pilot
PhD candidate  noise abatement procedures

ir Frizo Vormer PhD candidate  flexible arrival management
ir Clark Borst PhD candidate = CSE/EID for TAWS/SVS

ir Matthijs Amelink PhD candidate = CSE of UAV

ir Mung Lam PhD candidate = UAV haptic interface

ir Stijn van Dam PhD candidate @ CSE/EID for VTM

ir Joost de Winter PhD candidate  Virtual driving assistant

ir Herman Damveld PhD candidate = H-Q of flexible aircraft

ir Peter Zaal PhD candidate  Simulator fidelity

Approximately 25 MSc graduate students each year
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perception & psychophysics

— o0 c 3o 3

cybernetics

artificial intelligence

cognitive systems engineering
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ecological interface design
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* An “open” system
(Vicente)
e extensive and complex

interaction with the
environment

* The airborne office

* A workplace for
cognitive (team)work

, /]
) Tony, Decker.
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* Jllumination, readability,
colors, symbols

* Integrated displays,
configural displays,
emergent features,
principle of moving part

* Support for cognitive
work ->Cognitive
Systems Engineering
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FIGRS, The aplic Now fighd for 4 pike bending e sgroplane, ['rom Gits
{I1950). Conyright 47 930 by Houghton, Millia Company, Hosion Ug 4|
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affording perception-action
coupling

specifying
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* Aircraft + crew = system with cognitive tasks

* Joint cognition # who does what (Fitts' list)
rather: cognitive transparency

* Display supports cognition:
Ecological Interface Design

-> Cognitive Systems Engineering
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* Basic idea + name: enable “Gibson" direct perception
* Elaboration:

* Work Domain Analysis — Abstraction Hierarchy

e Control task analysis — Decision Ladders

e Strategies, Social Organization, Worker capacity
* The “design”
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* Map the “terrain” of a specific work situation
* Identify the constraints
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* Double feedwater aarocitd )

Reservoir 2 (20°C)
100 02

system e
* Laboratory task -
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* Extension of natural * Build new ecology
ecological perception

* Transport is the issue * Transported stuff is
(nearly) anonymous
* Interaction complex * Limited (known) number
environment of variables
* Control * Functionality creation and
selection
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* The “intentional domain” issues, are man-made
laws+conventions different from the physical ones?

* Difference in nature of disturbances, probability models.
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* Already have Ecological Perception -> Enhance, not
substitute

* Time scale is different -> not always opportunity to
visually explore an interface

* (Controls are not co-located with the interface

* Interaction is already multi-modal -> process control
EID could learn from us there

* We cannot measure everything in the outside world ->
rely on humans to read signs etc.
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* Analyze work domain (AH)
* Analyze control tasks (cybernetics)

Identify what affordances are not sufficiently specified
* Enhance
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* ASAS, pASAS, various support tools
* Modified Voltage Potential
* NLR, Eurocontrol, FAA, others
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Calculation CPA

- CPA distance <« 5 NM

[- CPA estimation time < look ahead time (5 min)

Intruder

Subject
Protected Zone (PZ)

CPA distance | "

" Look Ahead Prediction

CPA < look-ahead time AND distance < CPA dist = conflict
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* Conflict location moves when maneuvering
* Affordance hit is clear, affordance avoidance not

* Conflicts triggered by maneuvers -> engineering
approach answer pASAS

Our answer rooted in Functional Modeling and
EID/Cognitive Systems Engineering
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_ production
functional economy
purpose safety
absolute relative
abstract (loco-)motion | +ion
function
generalized path control
function flight
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* Identification of abstract functions
* Chosen representation of the “world+aircraft”

John Flach's point: What you express at the AF level
describes the “state” of the system, and you should be
able to check goal achievement on this basis.

René's point: The selection of your state variables
determines how you can shape your representation into
an interface
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Aspect Angle

Intruder Velocity
Vector

Protected Zone
(PZ)

Own Velocity __.p

Relative Position
Vector
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Conflict 2

Desired Smallest

Maneuver % 4 Bt

Change

Flhght Envelope +
Production Ervelope
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flight and control
safety

locomotion
production
— relative
motion
efficiency
aircraft limits
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* Other ships, protected zones of other ships
* Surrounding airspace
* Destination waypoints/headings

* “Shape” of surrounding airspace (function morphology),
in terms of heading+speed

March 2, 2006 33

%
TUDelft



* Common task in flying, following speed+altitude profile
* Limited focus, on part of flying task
* AH for aircraft basic motions
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* Flight path determines potential energy rate
* Throttle -> (mainly) total energy rate

* Stick -> (mainly) pitch rotation, indirectly flight path
angle
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LEVELS OF ABSTRACTION

Functional _ . < follow speed profile
purpose fly trajectory: follow altitude profile
. 1 = ial
Abstract law of conservation altitude . pot'jentla energy
function of energy speed = kinetic energy
kinetic + potential = total energy
energy awareness: energy management: T
Generalized o |
function |
Physical controlling the cause-effect of control
function state variables for a generic aircraft
Pl;ysmal aircraft-specific components and configuration
orm
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CONTROLS GOALS
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* Cannot follow the block diagram and reason
* Translates into constraints for the system

* Control actions are a result from properties of the actor
(human) and the system (car)
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Display —"1Human —>{System -

But this only applies to laboratory tasks and
fliying with a flight director!
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egomotion

. |Environ- @ @

ment =
purpose @ output
Human|—*System -~

o

|—> Display

No 4, the EID display, must be compatible with 1,
environment cues, and show the workspace in which 2,
the pilot's purpose, is realized, under control of 3.
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production
safety

oy com 1cortefﬁaency

locomotion

publication of travel
travel space

roadway fixed boundaries

moving objects
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* Compatibility between pilot goals, direct perception
from environment, human control output and “display”
(haptic, visual, auditory etc.)

* When dealing with a closed, high bandwidth loop with
time delays, need control theoretic/cybernetic analyses

* Role of ecological approach is in discovering what the
environment affords to the vehicle/driver, and what is
under-specified

* Inner + outer loops, part of the faster dynamics can be
handled by the human
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* Not any AH hierarchy representation is good enough,
search for the “"meaningful physics”
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states of knowledge Knowledge-based domain
resulting from

information processing evaluate
performance

information processing criteria
activities i
which goal

to choose?

rule-based shortcuts

which is then

associative links the target state?

interpret consequences

/ for current task, safety,

efficiency, efc.

/ &
target
S h O I % ‘ Stale / hich is the

appropriate change in
operating conditions?

identify de\.'\a\\ define task;
present state select change of
of the system ; system condition
\

recognition

observe tet formulate procedure;
information plan sequence
and data of actions

stored action

what is going on?

RO
e.(‘\)Q\KO“\a
-\(\\.‘\‘_QS(\E

o Rule-based domain

aclivation: release of pre-set response execute:
detection of - coordinate
need for action manipulations
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050 100
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recognlze | el |
orient align align

speak  read-off draw  compare

March 2, 2006 49

%
TUDelft



System (Plant & Environment)

* Internal representation?
* Memory, reasoning?
e Models like IDA? Information };1;;?:21

Working Memory

Action

Module Decision Module

Maker

retrieved

Intermediate | Knowledge
Memory Base

* Engineering units, comparison to automatic controllers,
reasoning programs
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