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Cockpit Procedural Advisory System Utilizing
Flight Phase Estimation

Keiji TANAKA**, Kohei FUNABIKI** , and Koji MURAOKA**
ABSTRACT

00 This study deals with a proposed advisory display against cockpit procedural deviations by
using autonomously estimated flight phases. Advisory systems such as a landing gear horn are
of interest in this study as reactive means to protect from the consequences of slips or mistakes.
The proposed system provided advisory information regarding control devices and switches
critical in each flight phase. To this end, the flight phase at each instant was estimated by using
the limitations of transitions from one flight phase to another. The system was implemented in a
flight simulator of a glass cockpit environment, where advisory information was presented to
flight crew members in an integrated alerting display. An operational simulation beginning
from cockpit preparations to engine shutdown was conducted, and showed that the advisory
system functioned against procedural deviations appropriately and timely. However, it was
found that the flight phase transition needs to be improved after a missed approach, and that the
display information needs to be integrated with the existing warning system. Potential imple-
mentation of a proposed system in a future warning system or a future flight management sys-
tem was suggested.

Keywords: human factors, warning, flight phase, cockpit, human interface
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AFS Automatic Flight System
AP AutoPilot
APU Auxiliary Power Unit
ATC Air Traffic Control
ATS AutoThrust System
CDhU Control Display Unit
CFIT Controlled Flight Into Terrain
DA Decision Altitude
ECAM Electronic Centrlized Aircraft Monitor
FCU Flight Control Unit
FMS Flight Management System
GPWS Ground Proximity Warning System
L/G Landing Gear
LOS Line Operational Simulation
ND Navigation Display
NOTAM Notice To AirMen
PF Pilot Flying
PFD Primary Flight Display
PNF Pilot Not Flying
RTO Rejected TakeOff
SID Standard Instrument Departure

STAR STandard instrument ARrival
TCAS Traffic alert and Collision Avoidance

System
TO/GA TakeOff/GoAround
Vv, Takeoff Decision Speed
vV, Takeoff Safety Speed
Vi Flap Extended Speed
VOR VHF Omnidirectional Radio Range

VORTAC VOR and TACAN (UHF Tactical Air
Navigation Aid)[J combination
Vi Rotation Speed
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1:Preflight
(1)Exterior Inspection skip

(2)Cockpit Preparation-PNF

Maintenance Status ...........ccc...... CHECK PNF(OO)
Log and Documents ..CHECK on BOARD PNF(O O)
APU Start SWitch ........cociviiiiiiees e ON (@ono)
External Power Switch....................... OFF PNF(O O)
L/IG LEVEr oo DOWN  PNF
FMS...oooiiin, .SET & CHECK PNF
FIaps ..o ) PNF

(3)Cockpit Preparation-PF

Speed Brake Lever .........ccccoeevenee. SET PF
Thrust Levers .......cccccvvvevnveeniieenne IDLE PF
Fuel SWItches ........ccccccveviieiiecieenn, OFF PF
Parking Brake ........ccccooeveviiiieeenienns OFF PF
FCU AP e OFF PF
OO OATS e OFF
OO OLNAVY e ARM
OO OVNAVY e ARM
FMS Fght Pkan .........cccccoceeinnen. CHECK PF

(4)Final Cockpit Preparation

Weight and Balance .................. OBTAIN PNF
FMS Takeoff Data ...........cceeennee CHECK PLT
Takeoff Briefing ..................... CONDUCT PLT
Cockpit Checklist
Log & Documents ....... CHECKED PNF
Thrust Levers .......c.ccccveennee. IDLE PF
ENG Switches .........cccceeene OFF PF

Takeoff Data.. SET & CHECKED PLT

2:Before Start
(1)Before Start (Including Pushback)

DOOIS i CLOSED (OO0O)
Engine Start Briefing ............. CONDUCT PNF
Parking Brake ..........cccoooiiiiiiiniinnn, ON PF

(2)Engine Start (No.2, No1 0 00000

Call oo, "Start No._" PF
ENG SWitCh ......ooviiiiiiiis ON PF
Call oo "No._ Start Normal" PF

APU ..o OFF (Q0O0)
SPOIlErS . ARM PF
Pitch Trim ...oooviiiieiieeeecee e, SET PF
Rudder Trim .......oooovvvviieiiiievieiieinene ZERO PF
After Start Checklist

O SPOIIErS v ARMED PF

O Trims .oeeeeveeeveennnne ____UP/DN & ZERO PF

Ground Equipments .. DISCONNECTED PR O)

0000000 ODO0O0OO00ooooooD 18810

3:Taxi-Out and Takeoff

(1)Taxi-Out
AP Mode .......covviiiiiiiis CKD PF
ND Flight Plan Mode ...........c.......... CKD PROO)
ND Map Mode .......ccooovvrieiiieeenniene CKD PF
Parking Brake ..........cccocoiiiiiinnnne OFF PF
Flaps Lever .......ccoccvveeiiiieicien e (25) PNF
Flight Controls .........cccccceevnn o CHECK PLT
Flight Displays ...........c.cccccocerens CHECK PLT
Taxi & Takeoff Checklist
Flight Control .........c.ccceevvveene CKD PLT
FIAPS ..o (25) PF
(2)Takeoff PLT

O O O Runway Align, Column Push, V1, VR,
Positive Climb Gear Up, APON (50ft 000000
oooo)

(3)After Takeoff AP OO DO OO
O O O V2+10kt, AP engage, Spolier disarm, Flap retract

[After Takeoff Checklist

(T | S UP PF
FIapS ..ocovveiniieeiee e ZERO PF
(4)RTO

O O O ATS off, Thrust Levers idle, Brakes, Reverse
Thrust, Spoiler Extend

After Stopping; Park Brakes ON, Thrust Lever Idle,
Fuel Off, Engine Fire SW Pull(sim)

(5)Engine Failure after V1
[0 00 V2+10kt, AP ON, alt=1500ft O
Engine Fire Checklist

Thrust Lever.......ccccooeeevveene IDLE PF
Fuel .o, OFF PNF
Engine Fire SW ........cccc.e.e. PULL PROO)

4:Climb

(2)Climb

O O O Seat Belt SW Auto, Landing Light SW OFF at
10,000ft, Baro Ref STD

1

gboooooobaon
AP SET .............. LNAV, VNAV, ATS, AP PF

5:Descent and Approach
(1)Descent Preparation

Landing Data ..........cccecevennneen. PREPARE PNF
FMS ......... pproach Data SET & CHECK  PLT(O O)
Landing Briefing ................... CONDUCT PLT

(O O00O,NOTAM, Approach OO, DA, Missed App O
u,
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Landing Runway, Landing Flap Setting, Approach

Speed, Autoland 0 00O QOO

DESCENT Checklist

'

PLT]

Landing Data ............ SET & CKD
(2)Approach
FMS e, ACTIVATE Appr  PNF
AP LAND Mode ARM  PF
6:Landing
(1)Before Landing
Flaps Lever .........c.c...... SET 2,5,15,25 PNF
Landing Gear Lever ................... DOWN PNF
SPOIlErS . ARM PF
FLAPS LEVEr ...ccveveiiiiiieniieene SET (30) PNF
Landing Checklist
Gear ............... DOWN, 3 GREEN PF
SPOIlers ......ccvevvviiiierinn ARMED PNF
FIAPS ..ccoveiiieii e (30) PF
(2)Go Around

0 O O GoAround call, Thrust Lever TO/GA,

Rotation, Flap O O O O ,Positive Climb Gear Up

(3)Landing Roll Procedure

O O O Reverse, Runway Turnoff 0 O O AP OFF

7:Taxi-In and Parking
(1)After Landing

PNF
PNF
PF

PF

PF
PRODO)
PNF

PNF

SPOIlers .....oveeiieie e DISARM
FIaps ..o ZERO
Autopilot ........coooviiiiienen. DISENGAGE
(2)Parking
Thrust Levers .......ccccovvvenveeciieen. IDLE
Parking Brake ..........ccccooiiiiiiiiiinins ON
APU L ON
ENG Switch 1 ....cooooiiiiiiiiiiiieeeeee OFF
ENG SWItCh 2 ....coovviiiiiiiiiiee OFF
Parking Checklist
ENG Switches 1 & 2 ............ OFF
Parking Brake ........ccccccvveeennn ON
FIAPS .oooveeenieeeiee e, ZERO

PF
PF
PF

OOPLTOOPFO PNFOOOOODOOODOOO
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