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Analysis of Arrival Flights inbound to Tokyo International Airport
and a Proposal of their Novel Control Method
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Fig.1 Flight routes of all flights in QAR flight data
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Table.2 Date and number of extracted flights for analysis

Date Number of flights
April 22,2017 2
October 12, 2017 2
October 14, 2017 3
January 9, 2018 1
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Fig.3 Relationship between distance to go and flight altitude
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Fig.7 Equidistance circles and flight paths from ARLON
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Table.3 Numerical conditions for optimal control
Initial position of 150[NM] from

Flight Paths ARLON and
Great circle course connecting ARLON
Flight Xo: O[NM] Xri 150[NM]
Distance Ax: 10[NM]
Speed Vinin: 200[kt] Vinax: 300[kt]
(CAS) AV: 10[kt]
280[kt]
Case4 L
Tnitial Veas,: (%;m 8 Ho: 35,000[ft]
Conditions (Case 4)
mg:  190[ton] to: O[s]
Terminal Veas c+ 210[kt] Hg: 5,200[ft]
Conditions me: - tr: -
. . aa ag tsep
Tcl(rjéeﬂ‘.:z ?;iltlt Case 1: 0 0 0
and arrival Case 2: 0.5 0.5 0
time interval Case 3: 0 0.3 0
Case 4: 0 0.3 90
Aircraft type B777-200
Performance BADA version 3.14
model
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Fig.9 Optimal velocity profile (Case 2)
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Table.4 Numerical results of optimization calculations

Fuel Flight time Objective
Case Aircraft consumption g [s] function
[kgl value [-]
A 750 1777
! B 750 1777 1499
A 781 1650
2 B 781 1650 5211
A 750 1777
3 B 762 1696 2020
A 750 1777
4 B 727 1683 1982
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FNOELRE, BIERRIMRE, Wilo g & LTEH
7= CAS Z Rt FEMBEEAE 23 e/ & 72 D IR OFAH 1T,
[Voa Vos]| = [280,300] & [Voa Vog] = [300,280], 7 7 4% % 1%
[a4, ag] = [0,0.3] & [ay, ag] = [0.3,0] TH 7.

#7, R LEV, T XTOWHDMAA DI L TR
BASE % fc /N & 9 % B A4 %013[0,0.3]142[0,04], & L< X
[0.3,0], [0.4,0]DNWTINNDEE THoTz. 2D LnHEH
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Table.5 Objective function value
Vo

250 260 270 280 290 300
250 | 2312 | 2290 | 2100 | 2080 | 2060 | 2041
260 | 2290 | 2270 | 2249 | 2228 | 2040 | 2021
270 | 2100 | 2249 | 2229 | 2208 | 2020 | 2000
280 | 2080 | 2228 | 2208 | 2189 | 2169 | 1981
290 | 2060 | 2040 | 2020 | 2169 | 2151 | 2131
300 ]| 2041 | 2021 | 2000 | 1981 | 2131 | 2114

Table.6 Time weighting coefficient of Aircraft A

Vos

250 | 260 | 270 | 280 | 290 | 300

250 [ 0,04 0 0 0 0 0
260 | 0.4 [004] 0 0 0 0

v 1270 03 | 04 [004] 0 0 0
%A1 980] 0.3 | 04 | 04 |0,04]| O 0
290 03 | 0.3 [ 03 | 04 [004] 0O
300] 03 [ 03] 03 ] 03 | 04 [0,04

Table.7 Time weighting coefficient of Aircraft B
Vor

250 | 260 | 270 | 280 | 290 | 300

250 1 04,0 | 0.4 0.3 0.3 0.3 0.3

260 0 0.4,0 | 04 0.4 0.3 0.3

v 270 0 0 0.4,0 | 04 0.3 0.3
0A 1 280 0 0 0 04,0 04 0.3
290 0 0 0 0 040 | 04

300 0 0 0 0 0 0.4,0
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Table.8 Terminal time interval of aircraft
Vos
250 | 260 | 270 | 280 | 290 | 300

110,
250 | 115 | 113 | 93 93 97 | 106
107,

260 | 113 | oo | 108 | 113 | 92 | 100
270 | 93 | -108 | 107 | 112 | 91 99
-107

Voa 107
280 | -93 | -113 | -112 | 2| 107 | 94
99,
290 | 97 | 192 | -91 | -107 | oo | 108
100
300 | -106 | -100 | -99 94 | -108 | -0

Table.9 Optimal CAS of aircraft A for the initial speed of

aircraft A and B
Vos
250 | 260 | 270 | 280 | 290 | 300
225,
250 945 225 | 225 | 225 | 225 | 225
225,
260 | 245 945 225 | 225 | 225 | 225
270 | 240 | 245 22155’ 225 | 225 | 225
Voa 225
280 | 240 | 245 | 245 > | 225 | 225
245
225,
290 | 240 | 240 | 240 | 245 945 225
225,

300 | 240 | 240 | 240 | 240 | 245

245

Table.10 Optimal CAS of aircraft B for the initial speed of

aircraft A and B
Vo
250 | 260 | 270 | 280 | 290 | 300
245,
250 295 245 | 240 | 240 | 240 | 240
245,
260 | 225 9295 245 | 245 | 240 | 240
270 | 225 | 225 22‘;% 245 | 240 | 240
Voa 245
280 | 225 | 225 | 225 > | 245 | 240
225
245,
290 | 225 | 225 | 225 | 225 295 245
245,

300 | 225 | 225 | 225 | 225 | 225 295
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Relative trajectory of B to A

Closest point

Fig.12 Positional relationship of the aircrafts in the
horizontal plane0
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Table.11 Numerical conditions

Initial position of 150[NM] from ARLON and

Flight Paths Great circle course connecting ARLON
Flight Xo: 0[NM] Xp: o 150[NM]
Distance Ax: 10[NM]
Speed Vinin® 200[kt] Vinax:  300[kt]
(CAS) AV: 10[kt]
Initial Veas,: - Ho:  35,000[ft]
Conditions mo:  190[ton] to: 0[s]
Terminal Veas,:  210[kt] He:  5,200[ft]
Conditions my: - ty: _
Position A 137.1025, 34.4240
Initial 1: B 139.9833, 35.2570
Positions Position A 137.1025, 34.4240
2: B 138.9130, 32.9195
Weight Position ap ag tsep Diy
coefficient
and Case 5: 1 0 03 90 5
arrival time
interval Case 6: 2 0 03 90 5
Aircraft B777-200
type
Performanc .
¢ Model BADA version 3.14
: /@»
— 36 g e
o
k=] ;
Q35 [7
= U A
S
- 34 :

e

(]
w

136 137 138 139 140 141 142
Longitude [deg]

Fig.13 Equidistance circles and flight paths from ARLON
(Position 2)
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LR AT 1.

4.3 fEFHR

X 14 [ ZERFEREIE S (NM] 2 A L7288 Tdh B Case 5 D
AL ORE 2R, Case 5 I2BWTIE, BEMEHCOKIHD
BIERFHIHING L Case 4 & RGMHTH D08, XANTRTHIZE
KR OFHE2ERET 2720 DEtERE L. FORER,
A O NIEFE X 270 [kt] TH Y, ZDH-140 (NMIZFW T
240 [kt] THRAT L, THLUBIZER WD TIEK S £ T 220 [kt]~230
[kt]OMEEE L TWD. —F, B IOV TIE A E )
300 [kt] T, Z& Dk 240 [kt]O—E CAS THRITL TV 5. i
I% Case 4 [Z81F72 BEOEE 07 7 AV EREKTHD.
Case4 LU LT, ABOBENE RoTND I EnDM
. 2028, sNORHRHOR(13b)E2 AW TIHT 5
ZEMTED. MATHIRE 0 L B, BIEHKRE Lo R
DEALHE, T2bbLHERE, H5WVIXEREE K& <Xk
V). Case4 & Case 5 IZBWCHIHINLE & RITREEIZFE U Ch
52 E0E, RUHEFHZTI-OiE, mESEE S J7m~
Bt OEEE RE S TOHBEEZITAEI V. 2D &I,
OB EZEE RELSTEHZLLRFZTHY, Cases TR
% A SO R A L O-140 [NM]OHAIZEB N T/hE L
DL BBENMTONI- B 26N,

3009
Aircraft A
L= d s + 0.3)dig
f'uA bt f(uu O | Aircraft B
280 ©  Terminal point
E 260 *\\
; \\
=240 - \ L
\/A\/A\ A ]
220 i
200 ' : ‘
-150 -100 -50 0

x [NM]
Fig.14 Optimal velocity profile (Position 1)
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Fig.15 Optimal velocity profile (Position 2)

Table.12 Calculation results of aircraft safety control

Fuel Flicht time Objective
Case Aircraft consumption & [s] function
[kg] value [-]
A 750 1777
> B 750 1777 1499
A 781 1650
6 B 781 1650 3211

WIT, ez 7ol CRIF 2~ AT 2 2 O BIEHIT K
LT, ARLON DOEIERFHMINEZ 90[s]LA Ltk L7ehs b, 7
MRAE N B/ N e 72 D K 9 R EABEBEOMAS bEOHEH %
1Tolz. THUT XV Bk 70 C AT 2 BI85 L, A
BOREE 20 U TR CAS OlAEHE, BLUEAMREK
DAEDLEEIRAOMNI LIz, 3T720bb, EEOEMEEE
FE ORISR L, ol NIHE 2 522 Z & &2 AlRElc L
vz b,

BIZERER I BE A3+ TR S 72 WA IOV T, AKEmE
PICB T D EEHE DT E TORMABTEEA L, Wigo
ERGBIBRR O L T 5 2 L TTHE BB TS FiEE
ER, BEOBIMA~SEAN L, 52 R S Hze E
TORRIAREZEH TS Z & T, A EEL LI-BIEEO
FHHIENFRETH 5.

AAFIENT THRE L7 BIE ORI F 151, [0 ANIBIFZ],
BIERL B L OBIENEF 72 EOFRERICB T 2FE 2 O&M:
REFZBEGICHEATE 52 &Nz, 3 Lok
WTHINLEEBE LIk REE T n 7 7 A VEHEAT
XD ERVAT DRI DBCHERIR RN S AT
L2 E0D, MAEORILBIERER L AT AOHEE|C
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