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Predictive?

Reac

» Accident/ Incident
Countermeasure

» Reporting
(Captain / Air Safety Report)

» FOQA
» LOSA
» Periodical Safety Audit

* Hardly found risk
(Hidden Factor)

* from Normal Operation

* Digin Big Data

» For further accident/ incident prevention, caring Hidden Factors has importance.

> One of hidden factors: Pilots Workload defined as our target.

» Why Flight Data Analysis? ® No Observer required. (Less human resource)
® Regularly available source. (regardless recognized event)

® Existing infrastructure. (Less further budget)
® Huge volume of stored data is pristine.
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What can be picked up?

» Basically from recorded Parameters L

» Combine with Other Resource > Reconstruct Pilots’
® SOP (Standard Procedure)

® Cockpit Layout / Design |_\ activities.

® Etc.. V

» Detect wrong procedure.

» Look for common point of ...
® Frequently skipped / disordered procedure. <

» Estimate pilot workload.
» ldentify conducted STAR/SID/APP.

® Observed high density workload.
(Location, Waypoint, flight phase, etc...)

|:> Hidden risk factor for safety.

OPSAMS: Operational Procedure Safety Analysis Vlonitoring System
» Derive actual pilots’ activities from daily flight data.
» Detect deviation from SOP, estimate pilots’ workload.
» Pickup hazardous factor in daily operation through statistical analysis.
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OPSAMS(Structure)

Input Files Scenario Generator Database

Pilot Action Estimation

QAR Data
(for each flight)

Human Characteristic Model

® Characteristic of

Comparison with SOP recognition/behavior
Cockpit Layout File
(for each Aircraft Type) ® Standard physical
dimension
Detect Procedure Skip/Disorder
Calculate Workload Density ® Standard Task duration

Pilot Procedure File
(for each Aircraft Type)

Output processing
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Reconstruct Pilots’ Activity

. ion
VHF Keying QH— |
Flap Handle Position 1 > ! :
" ! ' down i arm
Speed Brake Lever Position ; ; ; .
MCP(Selected) Speed 230 220 o
: L o
E —p
- . time
PF Activity!  [IEEEER

PM Activity & m

m

Not all Pilots” Activity are recorded.

Flight data recorded Pilots’ Activity can be picked up.

Timing of not recorded activity can be estimated by combine with other resource.
(ex. At 1000ft above AFE, “call One Thousand” for PM.)
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Pilot Action Interpolation

Pilots” activity can be disassembled (break-down).
Each activity consists of element actions interpolates described action.

Pilot Procedure File After Interpolation
PF Order <Flaps 15>
PF | Order, FlapLever, 15 T
PM Hear <Flaps 15>
B :
PM Look “FlapLever”
PM| Set, FlapLever, 15 +

PM Set “FlapLever”:15

Detectable from _ + )
Flight Data PM | Confirm on Instrument Display

Workload estimation is based on required time for individual interpolated action.
OPSAMS has ability to process the function.
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Workload Index Model

Workload:

» Physical and Mental load on person when the person perform any action.

» Assumed quantifiable by giving workload index to Combination of
V: Verb (what action) and O:(Operational Object).
(They are obtained from S+V+O+C, which defines procedure description)
(This method is following TAWL (Task Analysis Workload))

Visual

(Set, PushButton )
pd

Auditory Cognitive

pd

= 1=

W=

1.0

2.2

Visually Register/Detect (Detect 0?! sychomotor‘
Speech
Discrete Actuation (Button, Toggle, Trigger)

2.6

Continuous Adjustive (Flight Control ,Sensor Control)

alolalal
ZAR NN

4.6

Manipulative

5.8

-~
=

Discrete Adjustive (Rotary, Vertical Thumbwheel, Lever
Position) ,\

6.5

Symbolic Production (Writin&)\

7.0

Serial Discrete Manipulation (Kwu‘d Entries)

APR 5th 2016

Workload has 4 categories.

V (Visual)

A (Auditory)

C(Cognitive)

P(Psychomotor)
Each category can have

Index value between
1.0~ 7.0.
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Workload Calculation

» Activity execution and its timing can be estimated from Flight Data combined
with defined Standard Pilots’ Procedure.

» Activity can be disassembled. (They consist of elemental pilots’ action.)

» Assign “Required time” and “Workload”
(based on “Human Characteristic Model”) to each elemental pilots action.

. | :
. Task duration(ATC) |

\ e |
5 | 5
. Task duration (Flap Lever)

A Taisk duplicatién
- | - >
_‘_é | Derivable value
g Flap Lvr. » Workload Density
o » Decrease/Increase/Peak of
Action . . .
N workload in time series
\ | > Timing that task duplicated
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APR 5th 2016 4th EOFDM Forum Conference 10



Japan Aerospace
Exploration Agency

Example Output (Task Analysis)

START|  END| g cREW| TAsK | go| LFD| T (P [ | R O - I

933.6 939.0 o PM Hear So So S0 So So So So So So So S0 S0 S0 So So ((Step==9336)) L% 0 0.0 49 37 1.0 I 20, [PF]

9410 9424 PM  SetVHFLRightHandMicPushToTalkSwitch 1 (Step==9410) e 0 so oo a2 22 1 ota I WL """""""" i [PM] 1

9425 9436 | PM L Check VHFLRightHandWlicPushTaTalkSwitch 1 () {66 1 10 00 10 00| 1

9426 9480 PM Say So SoSo So So S0 S0 So So S0 S0 So S0 S0 S0 ((Slep==9426)) 23 0 00 49 37 10 1

942.8 948.2 PF Hear So So So So So So So So So So So So So So So (YRPRO! . ||68 1] 0.0 49 37 1.0 I I

9480 9494 | PM SelVHFLRightHandilicPushTaTalkSwilch 0 (Step==9450) 167 0 50 00 12 224 i

9435 9506 PM L Check VHFLRightHandMicPushToTalkSwitch 0 () 67 1 10 00 10 0D

9506 9528 PF Hear So So So So So So ((Step o 0 00 49 a7 w0 1
(i1 952, PM_HearSo So 80 8050 80 (Step: 124 0 ﬁl 00 49 s 10 @

9540  956.1 PF _Sel ViSFPASeleclor fi20 0 gl 185 59 00 68 58 M8 | |

i) ] [] aﬁi T 50 00 17 27 | 1

9582  957.2 PF L Check ViSFPASelector -1024 () 20 1 8est 22 10 00 12 0D

9565 9576 PM L Check VHFLRightHandMicPushToTalkSwitch 1 () fss 1 s8] 20 10 00 10 00 | 1

9566 9587 | PM SaySoSoSoSo SoSo ((Step-=0566) 26 0 BBy 96 00 49 37 10|

8558 8500 ) PR HearSo 00500 S0 (IRPROC=125) 59 o oo 96 00 49 37 10 Iy g ] B B B S

959.0  960.4 PN SetVHFLRightHandMicPushToTalkSwitch 0 (Step>=9590) [ B 0 ess] 84 S50 00 12 22 | J 200 - 1

9605 9616 PM L Check VHFLRightHandMicPushToTalkSwitch 0 () 69 1 888 20 10 00 10 00 < i

967.0 9685 PF  Set HDG/TRKSelectSwitch 0 (Step>=9870) 29 o essl 84 50 00 12 22 1 1 P F D | Sa Sse | | | e W |_ Ic1 |

o570 o886 | PP Setlnavswitch 1 (Step==0570) | I3 0 seg] 84 50 00 12 22 1 1 [Pl 1

9586 9696 |  PF LCheckHDGTRKSelectswitcn 0() i29 188y 20 10 00 10 00 g

9687 9608 PF L Check LNAVSwitch 1 () 45 1 eel 20 10 o0 10 00 1 |

10220 10242 PF  SetlAS/IMACHSelector_IAS 207 (Step==10220) [ 0 gag) 85 59 00 68 5B 1 1

10243 10253 PF L Check IASIMACHSelector_IAS 207 () 132 1 888 22 10 00 12 00 T |

1030.0 10321 PF  SetV/SFPASelector -448 (Step==10300) k=1 o ceal 185 50 00 68 58 1 1

1w3azz 10332 | PP Lcneckwsrraselscior-44s ) B 1 se 22 10 00 12 00 1 1

10344 10353 PF Check Leftdirspeedindicator 217.1 ((Step==1034 21 0 101 96 59 00 37 00 I e 1h | | e e e i |

10344 10353 PM Check Rightairspeedindicator 217.1 ((Step>=10344)) I o 1wl s s3 o0 37 o0 I I T T TR | [ S S ———— | |- 1

10354 10361 | PF oOrderFlaps 1 ((Step-=10354)) 12 o 10 95 00 49 37 10| 00 I: Il I: |

10355 10362 I PM_ Hear Flaps 1 (YRPROC>=22) . . A 0 m 96 0.0 49 37 10 -0 - O SN SN S SN BN NN SN BN BEN NN BN BN NN SN SN BEN BN BN BN Em S S o] e B

10364 1037.1 PM ReadbackFlaps 1 ((YRPROC>22)8&MYPROC>31) [ o 102 96 00 49 37 10

10386 10373 | PF HearFlaps 1 (YRPROC==32 g 46 0 999y 96 00 49 37 10 § e sePike/iir w0 iberite e s s e S S S S S S S S N R S SN S S S R S S

1039.0  1041.5 PM__Set FlapLever 1 (Step>=10390) LEF] o 103 123 40 0.0 37 46 o 200 . v 1

0416 10427 PM L Check FlapLever 1() | E3 T 10 20 10 00 10 00N P M D bI d WL [Al

1042.8 10432 PM  Monitor TEFlapPositionindicator ((Step==10428)) 34 Q 104I 96 59 0o 37 0.0 I I I S a S e I I I e %g]] I

1051.0 10519 PM Check Rightaltimeter ((Step>=10510)) 78 o 3200 96 59 00 37 00 1 1

10521 10524 PM SayOneThousand_NoFlag ((MYPROC=78)) I 0 3] 96 00 49 37 10 1 |

10523 10527 | PF HearOnsThousand NoFlag (YRPROC==79) 88 01 9 00 49 37 10 g 1

1052.9 10538 I PF Check LefiAltimeter (YRPROC>79)&&MYPROC=63) 69 o sl a5 59 00 37 00 I 1 1

1054.0 10543 PF SayMNoFlag ((YRPROC=79)) 70 0 321 96 00 43 37 10

1054.0  1056.1 1 PF  SetV/SFPASelector -256 (Step==10540) I122 0 aasl 185 59 00 68 58 1 1 i

10541 10545 P Hear MoFlag (YRPROC==70) Is: o ool e8 o0 49 37 10 1 1

10562 10572 | PF LcheckvisFPaselector 256 () 2 1 s 22 10 00 12 00 ] % ol ol el e I

10591 1060.1 i PF  Check LefiCDU ((Step==10590) 27 010 96 59 00 37 00 1 S W SO S WO 1] |

10591 1060.1 PM Check RightCOU ((Step=>1058 s o 14 98 53 00 37 00 | 0.0 1 1

10592 10589 |  PF HearSoSo ((Step==10592)) 0z 0 817p 96 00 49 37 10| e e T L L. L L - k] e -

10592 1059.9 PM Hear So So ((Step==10582) 26 0 8 96 00 49 37 10 ALT - [FEET]

10602 10812 | PF CheckLetpFD (vPROC-2 Iz 0 108] 96 53 00 37 00 | 30000

10603 10612 PM Check RightPFD ((MYPROC>45 45 [N B 96 59 00 37 00 |

1061.2 10624 PF Check LNAVSwitch 1 (MYPROGC>28)) 29 o 1098 20 10 00 10 00 \\ Set V/S FPA Set Flap 1

10520 10834 | PM SetVHFLRightHandMicPushTOTalkSwitch 1 (Step==10620) | (] 0 seg] 84 50 00 12 22 1

10625 10834 | PF CheckLefiodeAnnunciation ((MYPROC>29)) a0 0 Mg 96 59 00 37 00 r

10635 10646 PM L Check VHFLRightHandMicPushToTalkSwitch 1 () 70 v eel 20 10 o0 10 00

10636 10643 | PM saysoso (Step-=10836) 2 0 e1g] 96 00 49 37 10 1

1063.8 10845 PF Hear So So (YRPROC==127) 170 0 993 96 00 49 37 10 I

1064.0  1065.4 PM  SetVHFLRightHandMicPushToTalkSwitch 0 (Step==10640) b1 o ceal 84 50 00 12 22

10655 10666 |  PM L Check vHFLRightHandMicPushTaTalkSwitch O () 4 1 sy 20 10 00 10 00 1

1065.6 10665 PM Check RightModeAnnunciation ((YRPROG>28]) 47 0 116, 96 589 00 37 00 1

1070.0 10722 PF  SelIAS/MACHSelector_IAS 187 (Step==10700) s o sl 185 53 o0 68 58

10700 10714 | PM SetvHFLRightHandWicPushToTalkSwitch 1 (Step>=10700) 72 0 sz 84 50 o0 12 22

10715 10726 g  PM L Check VHFLRightHandMicPushToTalkSwitch 1 () 72 1 8ssd 20 10 00 10 00 o 20

a 0 i 1 9206 11157
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Applicabilities

» Pick up hazards from (looks) Normal Flights.
=Health Check. (Can complement LOSA?)
» Event investigation in the view of
® Pilots’ Workload

® SOP incompliance

» Look for another threshold value for other
application (ex. FOQA, )

» Etc...
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Example Output (visualize one Flight) =ty

/SE=FLiG
2 V//S< FLICH SPD

"
m* FLCH SRD<
< AL

S @F 147 AP/ Disc
R A/P Ver. Mode C'G)
- (ALTHLD to V/s) /,/l”/fﬂ
F "7 Flap20=> 25
‘}\1‘?% GV DN LNAV<=HIRSEL
F147 Flap5=>.20/ Y

~ { [
AlNTK=V/

A/P Lat. Mode C'G

(LNAV to HDG SEL)

Image © 2016 DigitalGlobe

Data SIO, NOAA, U.S. Navy, NGA, GEBCO Google ea rth

Higher
Workload(Red)

rth(KML file) — -

3D path shown on G ogle Ea
Contour with Workload Density

Marked 7
Configuration change(Flap /Gear) —

A/P, A/T Mode Change —_— ;,7,'__“:_

Any other condition available....
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Application Example
WL s Speed Margin

® Analyze 160 Flights (B777) » An Example result

® QAR data provided from airlines > Minimum Margin to VFE (Flap 5, Approach):
Minimum SPD Margin to VFE at a Flap Setting

» Pilot (PF) Average Workload:
Average Pilot’s Workload during
w5 10sec to Minimum SPD Margin

»
>

]
co
o

/

» A significant negative relationship was observed.

14 ®

» Higher Workload < Less VFE Margin

Pilot(PF) Average Workload (TAWL)

Correlation Factor: r =-0.34
(Significance level: a=1%
° 10 Mir%iomum Mgaggin to egE(kts) *0 o0 & Number of Sample:N =160

=> rg,:=0.203)

v
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Challenge

K> Estimated Workload \
> Visible

» Recordable (QAR or Video)
» Defined (Standard

\ Procedure) j

® Activity Reconstruction

® Workload Estimation

» Further case studies required.

> Invisible
> Un-recordable
> Not cared in TAWL

(> Un-estimated Workload \

\ » Not defined (unstandardized)J

» Estimate with Higher-accuracy.

» Establish model of un-estimated
workload.

® Detect specified condition
® Apply workload on Pilots
» Calibration should be required.

» Easier to use. (automation)

» Establish standard approach. (defined graph/table style)

APR 5th 2016 4th EOFDM Forum Conference }
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Summary

»Workload can be estimated from reconstructed Pilots’ activity.
® Pilots’ activity was reconstructed with QAR combine with SOP.
® In the process, pilot activity was break down in to elementary action.

® By assigning workload index value to those elementary action,
Pilots’ workload is estimated.

» Obtained pilots action, activity and workload were visualized.
® On Google Earth (coloured 3D flight path), tabular and graph form.

» Existing correlations suggested between Workload and Speed Stability.
® However, further study required.

» Further Challenging exists before actual use.

® Handling un-estimated WL, calibration between actual and estimated value.

® Further automation, user interface, standardized analysis method.

,_)_
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