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Due to the increasing use of automation the time spent on practicing basic manual flying
skills is decreasing. This research can improve flight safety by providing cost-efficient and
effective training support tools. The research also shows new ways to make use of the large amount
of data available.

In this project | trained 40 students basic flight manual skills in our
simulator while systematically collecting their data. Another 20 participants took part in smaller
side-experiments and exploratory studies. Through the analysis of this data, | was able to extract
key indicators that show a student"s progress. This includes not only final performance measures,
bus also latent indicators of for example the trainee"s level of understanding, his/her control and
learning style, and stress and effort levels.

I developed tools to largely automate the analysis as well as additional modules to train specific
sub-tasks in an efficient and effective manner. The visualized analysis results can be available
immediately after a training flight and help the instructor to decide which exercise to start next.
It can also help trainees to practice independently, and ask for a “check ride" when they feel
ready.

Varigus parts of the analysis and training modules have gained interest from industry.

Aviation human factors

Flight training Flight simulator Human pilot Visual information Manual control skill Ob
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1. WHEBAR SO 5

Developments in the aviation market have led to 3 big challenges in pilot training:
e Quantity: There is a pilot shortage that will only get worse due to the rapid globalization and

increased wealth, especially in Asia.

e Quality: With the increased use of cockpit automation, pilots’ manual control skills have
degraded. Manual aircraft control has become a factor in the majority of fatal accidents.

e Cost: More efficient pilot training will be needed to assure safety in the increasingly competitive
market where Low Cost Carriers (LCCs) and government-supported airlines from the Gulf-
states (Middle East) put pressure on aitlines and pilots to cut costs.

This leads to a need for more effective as well as more efficient training methods. The key to

achieve this is, in my opinion, to acknowledge that not everyone is the same.
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Figure 1 Developments in research and pilot training

2. WHEDOHK

Since the amount of training may be reduced when sufficient proficiency is demonstrated, it is

important to:

e Clearly define what indicates proficiency

e Provide ways to measure proficiency as well as progress towards proficiency

e Assure flight instructor concordance (inter-rater reliability)

e Provide new cost-effective training tools to help trainees reach proficiency more quickly

Therefore, the main objective of the “Pilot’s Individualized Learning using Objective Data”

(PILOD) project was to research and develop new methods to analyze flight training data to

provide objective feedback to trainees and to assist instructors in selecting suitable training

exercises based on each trainee’s specific strengths and weaknesses. I proposed various
analyses of (see also Figure 2): _ony = ]

e flight performance data (current practice) g - @
(result oriented) Be ’Ec' X TR

e various other training simulator data, e
including the pilot’s control inputs
(skill/method oriented)

e pilot’s psychophysiological data such as heart
rate, heart rate variability, eye tracking, pupil
dilatation, and brain waves
(stress, effort, ‘readiness’ oriented)

e Correlations between the above
(situational-awareness, competency oriented)

After identifying the most suitable data analysis methods, I aimed to improve their

robustness and ease-of-use and test them on a large number of subjects.

Flight Simulator

ght path & aircraft state

Figure 2 Overview of the measurements
and analyses in the PILOT project.

A second objective was to verify the effectiveness of several small training exercises and
training tools I developed for practicing specific basic flight skills. Combining these two
objectives, the final objective was a proof-of-concept of the PILOD training method, where
each trainee receives need-based training exercises.

3. WHEDTIA

A large part of this research consisted of acquiring and analyzing experiment data. For the
main experiment, participants received 7 times 1 hour of basic flight skill training in the
fixed-base flight-training device (“simulator”) at The University of Tokyo while I measured
various data. Together with a retired veteran airline pilot, I developed a training syllabus for
these training sessions, as well as a number of small training modules to practice specific
skills on a needs-basis. I adapted our simulator hardware and software to synchronize data
capturing among the various recording systems, and added several new features needed for
the additional training modules. I also built a more immersive simulator (Figure 11).



There have been several phases of data gathering and analysis over the duration of the
project. The initial experiments were exploratory. I tried to find patterns in the differences
between the 1st, 4th and 7th day data recordings, and relate them to specific skills and
competencies. During this period, we also experimented with different ways of providing
feedback and various additional training modules. After refining the analysis methods, I
verified their suitability and defined certain proficiency levels through experiments with a
number of licensed pilots who flew the same set of scenarios as the student trainees. In the
main experiment, we trained more students, some of who received personalized feedback and
needs-based training, while others received only general feedback and training. In addition,
I carried out a number of side-experiments to verify the effectiveness of the additional
training modules, and to quantify proficiency levels for certain competencies.

The experiment protocols have been reviewed and approved by the ethics committee of The
University of Tokyo’s School of Engineering. All subjects participated voluntarily and signed
an informed consent form.

4. WFFERR

Data analysis methods

In this research I developed the following original
data analysis methods. A unique feature of all these
analyses I that they are carried out on a time scale
of several seconds, whereas most existing methods
analyzing similar data operate on a complete flight
phase such as “climb”, “cruise”, or “landing”.

Control input pattern analysis.

This spectrogram-based analysis shows how
detailed and how strong the pilot’s control
inputs are. Figure 3 shows how individual
control- or learning-style differences become
visible, which can be help to formulate
appropriate feedback.

Mental Effort analysis

I developed an index of “Mental Effort” (ME)
based on heart rate variability (HRV) (Figure
5). Some would call this an index of “workload”,
but workload is often confused with “taskload”
(the amount of work that shouldbe done). Also,
when attention i1s dispersed and shallow
(causing large overhead limiting resources for
on-task effort), rather than comprehensive and
focused, workload will be high. The ME index
can indicate whether a trainee is focused at
critical moments, such as during the flare.
Heart Rate analysis

I discovered a change of the pattern over the
training period that is common to almost all
trainees (Figure 6)

Blink analysis

When concentrated on the flare, there are no
eye blinks.

Pupil size analysis

I discovered that professional pilots and several
well trained subjects showed a rapid increase of
pupil size during the flare maneuver. Their
natural spontaneous fluctuations of pupil size
also became clearly finer.

Secondary task

I found a simple “press the button when you
hear a beep” task effective to find out whether
trainees have any spare capacity (remaining
resources).
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Figure 6 Typical progress of heart rate
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Combined analyses

The correlations between various types of
data provides higher level information
about the trainee’s situational awareness
and  understanding. For  example,
combining vertical deviation
(performance), elevator input (control) and
mental effort (psychophysics) may help to
clarify questions like: Was the trainee

Doesn't know what to do

Too hard = Explanation needed

(or much too easy...)

Heart Rate ;
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Loyv effort Rel‘a'xlng .
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- Pushing the edge one’s skill

concentrated on the task? Was he working "= : 2T
on the right task at the right time? Was his Figure 7 Us”’g the comb”,wtwn ,Of,beartr‘? t,e ana
reaction appropriate? As another example, mental effort index to guide training decisions.
the combination of heartrate and ME index shows how well the trainee has internalized
the skill. As shown in Figure 7, the four different regimes call for different actions from
the instructor to tune the training plan and match the trainee’s personal level.

Although the explanations in this report are descriptive, most of the described characteristic
features are extracted and quantified automatically. This forms the basis for highlighting
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points of interest in the results (Figure 8) and for the skill balance chart (Figure 9).
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and psychophysiological data of a single landing approach,
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Figure 9 Skill balance chart showing a
trainee’s progress after automatic data
analysis.

Training tools
To efficiently train the weak points, I created a number of specific training exercises.

Figure 10 Aiming Training software tool

Independent training tools

o Aiming Training Tool (software for laptop and plugin for flight simulator)
The trainee can practice finding the center of expansion of the optical flow, which is
the point one is heading to (Flight Path Vector). The stand-alone software is shown
in Figure 10 and the simulator plugin in Figure 11.

o Flare Training Tools
This helps to improve flare skills by training the use of visual information from the
runway sidelines in peripheral vision (6, “Theta-dot”). First 6 values must be
recognized and estimated (Figure 12) then it can be applied to achieve a proper flare
profile (Figure 13).

o Augmented cues’ Audio alert
To train “scanning” (regularly checking the various cockpit instruments), an alert
siren sounds when certain flight parameters are outside a predefined range.

Figure 11 X-Plane flight simulator plugin version of

the Aiming Training software (in the new cockpit).
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Figure 12 Step 1 of the Flare training. The Figure 13 Step 2 of the Flare training. The trainee
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using information from the visual periphery.  landing.

o Secondary task
A simple reaction time task can make trainees aware of how much time it takes to
perceive, process, and react to a stimulus, and therefore how much they have to
“think ahead” when planning their control actions. It can also be used during a flight
to “gamify” scanning practice.

o Landing sub-task practice scenarios

o High-altitude longitudinal control
This trains understanding of the relationship control stick — pitch angle —
sinkrate — vertical position (glideslope indicator) and the time delays involved.

o High-altitude lateral control
This exercise trains understanding of the relationship control wheel — bank angle —
heading — lateral position (localizer indicator) and the time delays involved.

o Low-altitude longitudinal control
The simulated aircraft is set up for landing at a height between 300~500ft above the
runway, with a slight offset from the glideslope. The trainee should use mainly use
outside visuals (including PAPI) and only reference cockpit instruments sparsely to
get the aircraft back on the glideslope.

o Low-altitude lateral control
The simulated aircraft is set up at a height of 50ft at the centerline at the runway
threshold. Speed and Altitude are frozen, only lateral motion can be controlled. The
trainee’s task is to make the aircraft fly stably above the left runway sideline,
achieving that, make it fly stably above the right sideline, etc.

Conclusion

The PILOD project resulted in a large number of novel data analysis methods and training
tools as described above. I have been able to identify common patterns that can be used to
evaluate a trainee’s progress in new ways, focusing on the personal development rather than
only on the final result. In addition, I have been able to extract these patterns automatically
from the data in a robust way, and used them as practical indices for simplified feedback &
decision-making.

In the project proposal, I set the goals as listed in the table below. As can be seen, the PILOD
project was successful in reaching its main goals.

Minimum Realistic Ideal (aim)

- Easy to use analysis software
package and guidelines for result
interpretation and
individualization of training.

- Validation using university | < Validation using a varied group
students and 20-30 real pilot | of students and others, 30 or
trainees, as well as several more real pilot trainees, as well as
professional pilots. 10 professional pilots.

+ Trial or adoption of the method
by industry.

Participants get their license
quicker and have better career
perspectives.

+ Fundamental insight in human
control & performance

B Achieved Partly achieved Work in progress (early phase) [ Unverified
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The following bachelor theses resulted from this research project:
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A project description and related files can be obtained from the following website:
* Pilot’ s Individualized Learning using Objective Data” (PILOD)

https://ww.flight.t.u-tokyo.ac.jp/?page_id=484
Related publications can be found at:

https://scholar.google.com/citations?user=DcuOMvcAAAA




