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k The Journey So Far (2022-2024) @

e 2022: Customizing SAFTE-FAST
Workload settings at JAL.
e 2024: NASA TLX Field Research
on B737 with IBR.
@ o Result: Decay ratio
i algorithms validated, but
Workload remained an

PRESENT

Initial Manual G Survey Validati Combined Capacit : :
e e Tepeatioste) i p——— approximation.
FROM APPROXIMATION TO PHYSICAL EVIDENCE > °® Combined Capacity (CC)

A simple 1:1:1 sum of
Effectiveness, Sleep Reservair,
and Flipped Workload.
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The Pilot's Doubt & The Initial Goal 9

ccccccc

e The Operational Reality: Does
a simple 1:1:1 ratio truly reflect
human performance?

e The Missing Piece: Lack of a
scientific, physical backing for
CC.

e |Initial Goal: Finding the
"optimum mixing ratio" using
physical flight data (TDZ).
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The Data Wall & The Information Paradox @

A B c D E F G H 1 J
1 | FLIGHT_NO  AC_TAIL ORIGIN RUNWAY_TO DESTINATION RUNWAY_LD VRTG_MAX_LDG  DIST_LDG_GPS AP_PCH_300  AP_ROLL_30C
2 501 JA301J HND 34R CTs 01R 1.294 2173.35 G/S vLoc
3 2000 JA301J CTS 01L IT™M 32L 1.45 1579.44 G/S VLOC
4 2005 JA301J IT™ 32L CTS 01R 1.379 1417.49 G/S VLOC
5 3114 JA301J CTS 01L NGO 18 1.328 1922.59 G/S VLOC
6 3117 JA301J NGO 18 CTs 01R 1.253 1417.49 G/S VLOC
7 3118 JA301J CTS 01L NGO 36 1.397 1547.23 G/S VLOC
8 3101 JA301J NGO 36 CTs 01R 1.379 1665.15 G/S vVLOC
9 3510 JA301J CTS 01L FUK 16 1.349 1797.34 G/P FAC
10 3515 JA301) FUK 16 CTsS 01R 1.234 1795.39 G/S vLoC
11 2016 JA30L) CTS 01L IT™ 32L 1.445 1496.63 G/P FAC
12 2465 JA301) IT™ 32L AS) 21 1.34 1251.96 G/P FAC
13 2464 JA301) AS) 21 IT™M 32L 1.239 1854.75 G/S vLoC
14 3006 JA301J IT™ 32L NRT 34R 1.498 1596.71 G/S vLoc
15 3009 JA301J NRT 34L IT™ 32L 1.404 1297.45 G/S VLOC
16 2001 JA301J IT™ 32L CTS 01R 1.331 1671.74 G/S VLOC
17 3106 JA301J CTS 01L NGO 18 1.273 1657.36 G/S VLOC

e Privacy Constraints: Impossible to link individual FDM to individual pilot CC.

e Over 99% Noise: Destination, runway, and weather dominate TDZ impact.

e The Fatigue Report Paradox: Severe fatigue actually reduces report submission
rates.
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Passive Noise Canceling

TDZ Vatiance
(Landing lmprecision)

Before
(Raw Data: Granular, but Noisy)

Grouping Process
* (The Constraint) »

. Destinations &
Environmental Runway

Noise . characteristics

o ol
cannotsee © °, oo
the forest .~ < e
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the trees.
l (!ompensatory
#n?:tgfe (ri:y (Adrenalme/

compensatory effort)

Massive Noise
Aggregation

Combined Capacity (SFC Metrics)

GroupBy “Month”
(Fixed Seasonality / Pairing)

TDZ Variance
(Landing Imprecision)

GroupBy “Flight Number"”
(Fixed Desfination &
Time of Day)

Breakthrough via Constraints

After

(Aggregated Data: Emerging Fatigue Signal)

Concentrating the Fatigue Signature
neutralizing massive external noise.

This grouped data allows the macro-trend...
to begin to emerge.

Emerging
Fatigue Signal
. Emerg ing Dlstnbutlon
Macro -trend
iry

HSG HSG

Concentrated Signal  outcome: CC Outcome Gauge  ISG
FDM Evidence Gauge HND

Combined Capacity Spectrum
Combined Capacity (SFC Metrics)

FROM APPROXIMATION TO PHYSICAL EVIDENCE
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Methodology:
Aggregating data
by "Month" and
"Flight Number".
Implicitly fixing the
Destination,
Approach Type,
and Time of Day.
Result:
"Concentrating
the Fatigue
Signature" by
canceling
environmental
noise.




k The Pivot to Probability & The "Biological CIiff"

Universal Risk Curve: Validating BMM with Physical TDZ Data
I
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"Unstable Landing"
Definition: The worst 20% of
TDZ variance per fleet.

The Green Zone (CC 2
84.0): Stable baseline risk.
Progressive Risk Elevation
(CC 84.0 - 78.0): Relative
risk increases by 25%.

The Red Zone (CC < 78.0):
The Unpredictable Domain
(Trend collapses).
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Year-over-Year Proof (2024 vs 2025 Data) @

Year-over-Year Robustness: 2025 Data Replicates the 2024 Cliff

® e Normal Baseline Risk (20%) o CO n fl rm I n g

2024 Data (Reproducibility confirmed)
204 m— 2025 Data (Reproducibility confirmed) ro b u St N eSS a N d
. reproducibility.

e Identical
Progressive Risk
Elevation across
both years (78.0).

Probability of Unstable Landing (%)

N

75.0 77.5 80.0 82.5 85.0 87.5 90.0 92.5
Combined Capacity (Human State)
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k Sample size and Weighted TDZ Variance @

Why 77.5 matters: Absolute Peak vs Flight Volume
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k The Future Vision €0

Active Noise Canceling & Workload Inverse Calculation

e Next Stage: Overcoming

CURRENT STAGE: FUTURE GOAL: compliance walls for
MACRO CORRELATION INTRINSIC WORKLOAD IDENTIFICATION . .
| * flight-by-flight granular
o E+R+W ™ Intrinsic Workload (W’) d§ta yEIES
3 e Mixed-Effects Models
W=3*CC- (E L R) ("Active Noise
* E:Effectiveness Physical Evidence (FDM Data) Canceling") to prove
* R: Sleep Reservoir Outcome GaUQe micro-causality.
« W: Flipped Workload e The Ultimate Goal:
» Inverse calculation of
intrinsic airport-specific

"Workload" from FDM
data.
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