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[Abstract]

This study proposes a method for utilizing flight and flow — information for a collaborative environment (FF-ICE) for flight
plan management based system wide information management (SWIM) technology for the safe and efficient operation of urban
air mobility (UAM). SWIM provides a standardized infrastructure for air traffic data, enabling seamless information exchange
among various stakeholders. This study purposed flight plan procedures for UAM operation regarding submitting preliminary and
filed flight plans, validation and operational evaluation processes, state management, and the roles of each stakeholder. The system
developed through the SWIM infrastructure for low-density urban air mobility traffic management. The study are expected to
significantly enhance the safety and efficiency of UAM operations through strategic flight plan management methods.
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Table 1. Comparison of FPL2012 and FF-ICE.

Aspect FPL2012 FF-ICE (SWIM)
A modern, collaborative
Definition Culrrlent sltandard for framework for flight
filling flight plans . .
information exchange
Traditional " .
Data Exchange AFTN and AMHS Utilizes SWIM infrastructure
Collaboration Limited Enhanced
Scope Pre—departure flight Covers end—to—end flight
information
Information (ContaianeEZsic lan High
Flexability PN | (Extensible Richer data set)

information)
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Long " 5
| Phase TormPlanning Tactical Planning Executing (Post Departure) |
Purpose MCapacity Flow Management Re-optimization / Collaboration |
lanagement
Preliminary Flight Plan Taxi Out, Descent, Arrival,
Stage || Fjight Planning Filing Departure, Ciimb | EN Route Taxi In
Version FF-ICE Release 1 I FF-ICE Release 2 (not released yet) |
Pre-Departure Flight Planning & Filing Post-Departure Negotiation & Flight Re-planning
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Fig. 1. FF-ICE operational environment.
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E 2. UAMS| B[22 22|15 2i3t olshizxpy ofst
Table 2. Roles of the stakeholders for providing FF-ICE
based flight plan management.

Stakeholders Roles and Responsibility
UAM traffic management,
manage and validate PFP, FPL,
PSU )
flight plan approval,
perform scheduling and conflict management
operator of UAM, submit and update flight plan,
UAO : L ;
flight status monitoring and sharing
capabilities of vertiports
VPO
for current and forecast status
provides obstacle information,
SDSP NOTAM, weather
SWIM provides SWIM service infrastructure
(Service Provider) (Interface Hub / Routing)

FF-ICE 32 15 13} o] v g erol ue} A4 o=
A o]tk FF-ICE/R1S- 23 7 (pre-departure), FE-ICE/R2-S 2
W F(post-departure) THA2] %4 SKre-optimization) Z ¥ =]
(collaboration)S- 2] $FC}. FF-ICE/R1 ¥ 2012\ U
of ml=, frdoll A TAlA o & 285 AL 9l oW, FF-ICE/R2 3%
Z81 119 S0l SAelth, FR-ICES] 1A A8 njAl4] ER
3 3% 2o FIXM(flight information exchange model)=- 7117k
o] 3 48} 2 F o vAA] B=E 7Y [7]. AlE A A€
SHHAA FFE 3E 53 2k Lefu FIXMoll A Aol =A]
%2 UAM 3 913 3 aE5(d: 2 4 =2 MEXE, 56
ER1H] Syl tigk F71A 91 A &7t e st

E 3. FF-ICE H[& MAIX| 7
Table 3. Categories of FF-ICE message types.

Flight Data Types Description

Preliminary Flight Plan Submission of for planning purposes
(PFP) flight plan

Filed Flight Plan (FPL) Submission of for actual flight plan

Flight Plan Update (FU) Update message for PFP, FPL

Flight Cancellation (FC) | Cancellation message for PFP, FPL

Evaluation request message for Trial

Trial Request (TR) Flight Plan

Flight Departure (FD)  Notification message for flight departure

Flight Arrival (FA) Notification message for flight arrival

http://dx.doi.org/10.12673/jant.2024.28.4.420

X 4. FF-ICE F& dlo|e 27 & Z=
Table 4. Categories of FF-ICE fields.

Category Fields

Description

Type of Message,
Sender Information

Message Type, Time,
Originator

Message
Information

Identification
Information

GUFI, Aircraft

Flight Identification Identification

Submission Status,
Filling Status, Version

Message Version,

Flight Status Response Status

Flight Characteristics|Flight Rule, Equipment| Flight Information

Type of Aircraft, WTC,
Registration

Aircraft

Characteristics Aircraft Information

Departure Vertiport,
EOBT, Alternative
Vertiport

Information of
Departure/Arrival

Departure/
Destination

Desired Route

Route/Trajectory | Route/Trajectory Data

¥ 5. FF-ICE H|¥ & MAIX| B7
Table 5. Categories of FF-ICE response message types.

Response Types Description

Data validation result message for

Submission Response (SR) N
received message for all messages

Operational evaluation result

Planning Status (PS) message for PFP and FU(PFP)

Operational evaluation result

Filing Status (FS) message for FPL and FU(FPL)

Operational evaluation result

Trial Response (TS) message for TR

2-2 HIAIE HIE =it

FF-ICEol|A] v AIE A A& 19 33 o] AP B]aA|
3)(PFP) A&} ¥ 37| B)(FPL) A1E = TEE Tk AP B]8Y7)
A= 2AEE D 8% B E 8l AEET A ALgo]
o} v A S A A2 AA v S flEl] AlEE o], AR v] &
AgAM e} AR AY EHH o2 A1EE S ek PFP9} FPL
7ro] Ak gl v A LA o] WA vl 22 A v E A
ZHGUFI; global unique flight identification) & 7]¥FO 2 2§ ¥
th. GUFIE= 7t vl s &2 d A o2 31f-31A 288 = )
L5 g E o] ul g o] A AofF=7] st A E k. o] 2] g H]
YA O] I A= BlE) AE, & T v, e
& 35 G AH| 2 7ho] R gkt Al A FA1E 918l ARE-E] o]
PSU, UAO s th3t ol AIRbE o] &4 o2 HuE wh

Shar Bl ege] Qb3 84S = o =S T8

& |o o
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Preliminary FPL Submission (Optional)
Submit PRELIMINARY _FLIGHT_PLAN

Y

. Reply ACK (Submission Response)

Reply Planning Status = CONCUR (Evaluation Response)

alt [Prefiminary FPL IS NON_CONCUR]
- Reply Planning Status = NON_CONCUR (Evaluation Response)
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_ Reply ACK (Submission Response)

_ Reply Planning Status = CONCUR (Evaluation Response)

FPL Submission )

Submit FILED_FLIGHT_PLAN
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FLIGHT_PLAN_UPDATE with correction
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Table 6. Validation check items.

_ Reply ACK (St ion Response) L
< ltems Description
Reply Filling Status = ACCEPTABLE (Evaluation Response) -
< Structure Check for data structure/format conformity
38 3. FF-ICEE 0|23t H|aiAE ME X} Validity Check for data validity
Fig. 3. FF-ICE message flow for submitting flight plan. Schema Check for acceptableﬁgétsa values and required

Preliminary Flight Plan

ACK,/Validation \ REJ

Check
Return SR=REJ
/

‘ Return FS=NON_CONCUR )

Return SR=ACK

4(Evaluation Check
Sl o b®

CONCUR

‘ Return FS=CONCUR
/ Update Internal Database /

O3 4. MHH[EAE HE clolof 2
Fig. 4. Activity diagram of preliminary flight plan.
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UAOE AA1¥ el g wE 3& @ A8 9ld PFPE
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PFPE B TE U= Joz A0l i3 24058

AeA o= 7]wste] A&, AA HSgE g vl Alg o
Ze ARREA] ETh PR A& Aabe 19 49 2t

AP B BAG A 7L AlZE W PSUE 3E 67} 7] 4241 WA
2] EHU} §/d 7% (validation check)S 38l &2 A3}

webe, ® 73 e g 84 S (operational

E
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E7. 284 gl B8

Table 7. Operational evaluation check items.

ltems Description
Airspace Check for prohibited areas and NOTAMs along
Restrictions the route
Weather Visibility, wind speed, gusts, and precipitation

Restrictions along the route

Time and space separation between aircraft

Separation along the route

Vertiport Availability| Check vertiport availability at the time of arrival

E 8. AR HI™ A= Aef MH
Table 8. State description of preliminary flight plan.

Status Description

PFP_FILED Pre—Flight Plan has been submitted

The flight plan passed the validation and
is currently under evaluation

The initiation of flight preparations in

PLAN_EVALUATION

APPROVED accordance with the approved plan
REJECTED The plan cannot procegd and revisions
may be required.
CLOSED The flight plan is no more valid
FPL_FILED Flight Plan has been filed and preliminary

status is no longer valid

www.koni.or.kr
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Fig. 9. Activity diagram of the separation check.
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Table 9. Example of weather validation items and criteria
for flight plans.

ltems Description Reference
Wind Speed 25 KT SIGMET

Gust 35 KT SIGMET

Rain 30mm/h SIGMET
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Fig. 10. Manual determination of operational validity.
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Fig. 11. State transition diagram for the filed flight plan.

E 10. 8T Mef 2SS
Table 10. State description of the filed flight plan.

Status Description

The flight plan has been filed or submitted
for review

The flight plan passed the validation and is
currently under evaluation

The initiation of flight preparations in

FPL_FILED

PLAN_EVALUATION

APPROVED accordance with the approved plan
REJECTED IThe plan cannot procegd and revisions may
be required.
ACTIVATED IThe plan is correlated with trgck information
and under operations
LANDED The fleet has landed
CLOSED The flight plan is no more valid

Flight Departure or Arrival Event Found or Delivered
- Event are defined in PANS-ATM 11 422 6 (DEP), 114227 (ARR) '

v

’ Check Actual Arrival or Departure Time

v

Update Internal Flight plan record with actual time |

¥

‘ Check stakeholders who subscribe fo this event

Y

Send FLIGHT_DEPARTURE or FLIGHT_ARRIVAL j
with actual time of evant to the stakeholders

v

‘ Receive Submission response(ACK) from the stakeholders

b

a7 12, Y £= TA e 28 i
Fig. 12. Departure or arrival notification procedure.
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