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Introduction - Standard Operating

Procedures

1) What must be
accomplished/Tasks
» Each Operator Action that
must be executed in a
sequence
2) When (under what conditions)
3) Who is responsible for each
step
4) How each step is
performed/Functions
5) How to confirm

Procedures define:

* Human-Machine Interaction

* Human Automation Interaction

* Human-Human Interaction

* Human-External Actors Interaction

GMU Center for Air Transporation

Systems Research

s of Operator Actions:

Type

Info gathering

Info processing
Conditional branching
Decision-making
Waiting/Timing
Action

Verification
Validation
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Introduction — Process of Developing SOPs w4

 Airline operators required to provide flight crew
with procedures regulated by FAA

* Original Equipment Manufacturers (OEMSs)

supply customers with procedures promoting
ideal use of technology

* Customers modify procedures based on
company’s policies and philosophies

* Modifications are approved by Principal
Operations Inspector (POI)

GMU Center for Air Transporation
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Introduction — FAA Advisory Circulars ey

AC 120-71B: "Standard Operating Procedures and Pilot
Monitoring Duties for Flight Deck Crewmembers”

— Provides guidance for design, development, implementation and
updating of SOPs

— Provides characteristics of good SOPs:
» \Write steps as imperative
* Use short sentences
« Use active verbs

Dictates requirements for procedural updates
— Must be approved by Principal Operations Inspector (POI)

— POls: FAA employees assigned to airlines to oversee airline
operations

GMU Center for Air Transporation
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Introduction — FAA Advisory Circulars W

AC 120-92B: “Safety Management Systems (SMSs) for Aviation Service
Providers”

— All airlines are required to implement an SMS

— [S)&sscribes requirements, guidance, and methods for developing and implementing an

SMS: Preventive approach to manage safety, identify hazards, and manage
risk

“Managers that have the authority to implement changes in ... procedures
must use the SMS processes” (FAA 2015, p.14)

Airlines must update SOPs in accordance to SMS

POls oversee the process

AC 120-92B and AC 120-71B do not provide instructions on how to test or
evaluate the SOP.

— No mention of the role of TIME as a measure of SOP performance

GMU Center for Air Transporation
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Introduction — Evaluating SOPs e

* |ndustry methods for evaluating SOPs:

— Review by Subject Matter Experts (SMES)

» Experts in the field. Don'’t represent novice or
intermediate pilots

— Human-in-the-loop testing
* Expensive
* Requires simulator time and flight-crew time

» Cannot test every combination of
operator/environment condition

GMU Center for Air Transporation
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Overview of Metrics for Measuring SOP %
Performance

e SOP Performance Metrics:

— Time on Procedure (ToP): The time to complete all actions of the
SOP.

 Different each run due to varying level of expertise of operators
— Allowable Operational Time Window (AOTW): The time in which
the procedure must be completed.
 Different due to environmental factors

— Procedure Buffer Time (PBT): AOTW — ToP

e Distribution

— Probability of Failure to Complete (PFtC): Probability PBT < 0.
 Left tail of the PBT Distribution.
« Higher PFtC = Unreliable SOP

GMU Center for Air Transporation
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Method to Analyze SOPs’ Role in Aviation %

Accidents

« 2000-2020 Statistics:
— 614 accidents/incidents [A4A]
— 61 accidents reviewed required crew intervention in the accident scenario
— Accident reports cited failure of crew to perform intervention in a timely
manner
« 12 randomly sampled accidents were further analyzed

— Identify SOP used in intervention

— The AOTW calculated by examining the timeline of events from the first cue
of the triggering event until the hazardous event.

— The SOP was modeled in Sopatra and simulated to obtain an estimated
Time to Complete (ToP)

GMU Center for Air Transporation
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Modelling and Simulation of StandammmmAmm®

Operating Procedures

. Dynamics of procedure can be captured using
SOP Action Diagrams

—  SOP Action Diagrams contain:
* Actions
* Branches
*  Input/Output (I/Os)

 Actions: actions are shown as squares on AD.

. Branches: Actors that perform SOP actions are
depicted as branches. Each action is performed
by the branch (actor) where the action sits.

. |/Os: Information flow between actions. Depicted
as parallelograms.

— 1/0Os must be present between two actions not
performed by the same actor.

«  SOP Action Diagrams are then simulated in a
Model-Based Systems Engineering (MBSE) tool

— Sopatra: An extension of Innoslate
— Cameo
— Core

GMU Center for Air Transporation
Systems Research
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Modeling an SOP — Cue Evaluation and %

Frequency
« SOP Actions:

— See & Decide (cognitive/perceptual)
— Execution (motor)

« All Operator cognitive/perceptual actions are triggered by cues

— Cue Evaluation Properties:
* No cue (Long Term Memory item)
* Cue, but Outside of Field-of-View (FOV)
* Cue, in FOV, but lost in clutter
* Cue, in FOV, no clutter, ambiguous label semantics
* Cue, in FOV, no clutter, no ambiguity in label semantics

— Frequency
 Rare
* Infrequent
* Frequent
« Always

» Kourdali, Houda Kerkoub, Lance Sherry, 2016, A Systems . ;
Engineering Method and Simulation of Standard Operating GMU Center for Air Transporation 18
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Simulating an SOP — Operator Performance

Type of Cue

---------------------------------- » No Visual Cue/Long-term or X
Working Memory (LTM, WM)

Visual Cue Not in Field-of-View
(FOV)

Visual Cue in FOV, but lost in visual
clutter (not salient)

(e
. e )

|| Decision
2 - ‘
| -making |

20 gegs, Visual Cue in FOV, salient, but
ambiguous semantics (i.e. label
does not match task)

Visual Cue in FOV, salient,
unambiguous semantics

GMU Center for Air Transporation
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Cue Properties Frequency

o

Short Right
Talil

No cue at all

Cue not in Field-
of-View

Cue in Field-of-
View, but not
salient (lost in
clutter)

Time [secs

Cue in FOV and
salient, but not a
sematic match
with the task

Cue in FOV,
salient and
semantic match e —

B | Long Right

Tail

Time Distributions Based on
. . . GMU Center for Air Transporation
simulations and empirical data Systems Research 20



Categorizing Accidents Wy

* The accidents were categorized using the
following rules:

— Insufficient AOTW: If the simulated ToP was in
excess of the AOTW when the SOP was
performed in an efficient manner according to the
time distributions.

— Excessive ToP: If the AOTW was in excess of the
ToP and the SOP was performed in an inefficient
manner according to the time distributions

GMU Center for Air Transporation

Systems Research -
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Results

* Analysis found a
number of SOP
ISSUes

 Two main categories:

— Insufficient time to
complete an SOP

— Excessive time when
completing the SOP

SOP Issues

Insufficient AOTW

SR 111: Air Conditioning /

Excessive ToP

|

Fumes of Unknown Origin
TK 1951: Stall Recovery
$Q 237: Go-Around

Triggers
0Z 214: Stall Recovery |

Ambiguous SOP

SOP Initiation

Environment

ABX 827: Stall Recove ry

No Association
Relies on External between Cockpit
Alert and SOP

Unambiguous SOP Triggers,
Ambiguous Cues

Step Cue
Not in FoV

No cue for
Step (LTM)

AAL 965: GPWS Maneuver XL Germany 888t: Stall

Pilot Attentive &
Ambiguous Alert

0OZ 214: Go-Around

LNI £10: Runaway Stabilizer

NW 255: Taxi

GMU Center for Air Transporation Systems Research

Recovery
‘ AAL 1420: Before Landing
5B 518: Before Takeoff

Pilot Not Attentive &
Non-Ambiguous Alert
TK 1951: Stall Recovery

NW 255: Go-Around
AF 447: Unreliable 1AS

AF 447: Stall Recovery

23
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Insufficient Time to Complete SOP ey

* Occurs when there is not enough time to
complete SOP before a hazardous event.

* A phenomenon dictated by environmental
conditions, e.q. fire.

* Results from SOP creep
— Adding more steps to the procedure over time.

GMU Center for Air Transporation
24
Systems Research



Insufficient Time to Complete SOP @

SMOKE / FUMES OF UNKNOWN ORIGIN

swissalr  EMERGENCY CHECKLIST '
cormsumse  ALERTAND NONALERT FTAD-T1T 40500 e ey e b AT B e o
AIR CONDITIONING SMOKE UK/ AULES CECheAse
ECONPB CFF
SMOKE DECREASES
[ ] L} NO o Rurther acton requied.
° wiss Air 111 2
v
AR SYSTEM P/B MANUAL
ECONP/B ON
PACK 1 oFF
. " " SMOKE DECREASES
L] NO' BLEED AIR 1w — —OFF
— 1riggerin vent. SmokKe In tine e -
- 0O NOT actvate BLEED AIR 1 or PACK 1 for remainder of 1ight

v G5

cockpit e :
— Crew initiated Smoke/Fire in the L ——
cockpit SOPs Lo %

1-2180L
DO NOT activate BLEED AIR 2 o PACK 2 for memainder of Sight

— Completing both SOPs “could take &

v
PACK 2.
Smoke is Not of ar CONALONING Orgn
Refor 10 EMERGENCY Procadure - SMOKE / FUMES OF UNKNOWN ORIGN

2

I Serohe Nurses are ol elrminatod, e a1 Haares! Sl Moot

20 to 30 minutes to complete” e o] |*

(Transportation Safety Board 2002, T
p.255) g

— Crew had 18 minutes before £
aircraft struck water

15 16 17 18 19 20 21 22 23 24 25 26 27 28
Time in Min

[ ] simutatea ToP [Jl] AccidentAoTW
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Insufficient Time to Complete SOP Wi

* Singapore Airlines 237

— 50 feet above the runway,
aircraft banked to the left

— Once noticed, crew tried to
initiate Go-Around

— Go-Around button was
deactivated since aircraft had Sngapore Arines 237
already touched down on left L
main landing gear.

— Crew only had 10 seconds
from aircraft bank to B T T T S A R
touchdown | mense

Probability
8
N

GMU Center for Air Transporation
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Excessive Time when Completing SOP W&

* Occurs when crew took abnormally long time to complete
(ToP) SOP.

* Reasons behind long ToP:
— Ambiguous SOP triggering event

« SOP triggering event is based on external environmental cues. E.g.
turbulence due to onset of stall

* No/Weak association between the triggering event and SOP initiating
event. i.e. the triggering alert was not associated with a procedure

— Unambiguous SOP triggering event
« Ambiguous/not salient cues for SOP steps
« Missing triggers for SOP steps i.e. LTM items

GMU Center for Air Transporation

Systems Research ¥



Ambiguous SOP Triggering Event

Cue Properties Frequency

= |

No cue at all
Cue not in Field-

« SOP Initiation Relies on External

Environment. of View
. Airborne Express 827 View, but not.
— Took off as a Functional Evaluation Flight f;::itf::)('“t in
(FEF) for a series of test Cie " Fovara

— Aircraft was deliberately entered into a stall to | salent, but nota

h sematic match
test stall protection system with the task

— There was a sense of buffet followed by a Cue in FOV.
rattling sound at a speed higher than the salient and
calculated speed semantic match

— Aircraft had entered into a real stall, stick Aitborne Express 827
shaker never activated M

— Stall recovery maneuver was initiated (took a 2°
longer time to start because of the stall £z L
occurring earlier than expected) 5

Time in Sec

|:| Simulated ToP. Accident AOTW ‘:I Estimated ToP

GMU Center for Air Transporat....
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Ambiguous SOP Triggering Event

Runaway Stabilizer — = . ;
ondtien: Uncommanded stabilizer trim movement £ Checklist Com lete lxce toeﬁmed Items
° Amblguous Alert - oca;rscon!inuousty. o :demd !:m
1-‘Contraleolamin. w0 s SUUTTLENN Hold firmly  pescent Checklist
° Lion Air 61 O 2 Autopilot (ifengaged). . ........... Disengage Pressurization. . . ..............LAND ALT
Do not re-engage the autopilot. [T R e e = - - |
— Uncalibrated An?Ie of Attack (AOA) sensor Comrol column 906 mai slecne wm 5 Landgdoe ... \REF W
giving the aircraft the sense that it was stalling. v sy R s ursrsansinas SR
— Aircraft's Maneuvering Characteristics iodiivha ooy il e SRR
Augmentation System (MCAS) responded by e
trimming the aircraft suing nose-down P e DO - -
commands. doerompes: G ——
- aircraft entered a series of nose dives (26 SRR (Do) i et vty g irs e
automatic trim commands) Stabiizer ' et 22
 Crew fought back with 34 manual trim inputs. ... s, | T
— To offset MCAS command, crew must s SR
recognize that trim wheel was moving y "oy
erroneously, and initiate "RUNAWAY Lion Air 610

STABILIZER” procedure. =

« “‘RUNAWAY STABILIZER” procedure’s initial
condition: continuous trim wheel movement.

* Not the case in LNI 610 since trim wheel was
performing a series of movements (i.e. not one
continuous movement) —— e

. 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 95 100

« Abnormal trim wheel movement was never Time in Min
recognized = procedure never initiated [ simuateaor [ Accicentaorw [[7] Estimateator

GMU Center for Air Transporation
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Ambiguous SOP Triggering Event Wiy

* Non-Ambiguous Alert
* Air France 447

— Crew reduced speed in anticipation
of turbulence.

— A/P & A/T disengaged as a result
of pitot tubes freezing

— Pilot took command of aircraft, and
made a nose-up input in an A Fronce 447
attempt to maintain speed. Iﬁ

— Nose-up input with low speed
resulted in a stall

] ] 20 4I0 60 SIO 100 12'0 149rime 0 220 240 260 280 300
— Stall warning sounded 75 times I st [l riron [l et

GMU Center for Air Transporation
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Unambiguous SOP Triggering Event "

*  Ambiguous/Not Salient cues for SOP Step

- XL Germany 888t

Aircraft took off as an acceptance flight to return
leased aircraft to owner

— Testing stall protection systems on board
Initiated only 4000 feet above ground
— Aircraft entered a stall

— Crew initiated stall recovery maneuver

— Masked from the crew was the fact that flight
control system passed into direct law.

— Auto-trim function was disabled, and nose-down XL Germany 888t
inputs were not enough to trim aircraft

— "the manual use of pitch trim, which is not
included as a reminder in the approach-to-stall |
procedures, only occurs very rarely in operation mﬂm

and OccaS|ona”y In tralnlng” (BEA 201 07 p' 101 )' o 15 Zb 2I5 30 35 4'0 45 5'0 5576'0 6'5 70 75 80 3'5 Qb 95 1601051101451201231301351;0

Time in Sec

[] simuiatea Tor ] Accidentaorw [ | Estimated ToP
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Unambiguous SOP Triggering Event ¥

Missing steps i.e. LTM items
American Airlines 965

After a heading misconfiguration, aircraft began
veering off-course

Not knowing that heading was wring, crew flew
into the mountains

Before impact, aircraft sounded Ground Proximity
Warning System (GPWS)

Crew reacted immediately with GPWS maneuver

GPWS maneuver did not include the crucial step
of “making sure spoilers were retracted”.

there was an assumption that “the flightcrew
should have recognized that the spoilers were still
extended during the attempt to avoid the terrain
and should have retracted them early in the
escape maneuver’ (Colombian Civil Aviation | | |
Authonty 1996, p 47) [ simuatea Tor ] Accigentaorw [ | Estimated ToP

American Airlines 965

[=] o
- N
m o

Probability
o
3

0.051

j R -

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10010511011512012513013¢
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Conclusions H

Testing human performance is crucial to ensure safe and efficient
operations of the aircraft
— Special emphasis on off-nominal and emergency situations.

Analysis of 12 aviation accidents
— Insufficient time to complete even a one step procedure
» Factors unrelated to design of SOP
— Excessive time to complete the procedure.
» Design of the SOP played a role in increasing time to complete the procedure
 Initiation condition of the SOP was ambiguous
 SOP missed some steps and assumed crew would remember
Results highlight the importance of testing the SOP accounting for all
combinations of human performance and environmental conditions.

— Designers could catch SOP designs leading to a high failure percentage

GMU Center for Air Transporation
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