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Establishment of Highly Accurate Method of Flight State Estimation
by using CARATS Open Data and QAR Flight Data

1 [ZL&I

HATOMZEASA S AT A TlE, 7V T dEORBERIBEIC
X oM MEOHKIC X 2 BIEDOF A%, B A BEIE
LooH o722 EBIER 22 HFICELIAZBEE T DREROM
ZERAY AT MIET LR E Y 3 (Collaborative Actions
for Renovation of Air Traffic Systems, CARATS) | # & ¥ & &
B, BT OTEMEAL D 7o 8 EHIMIZEE O REZ] - (1 DT
BT — 4 CARATS Open Data Z#Eft L T\ 50, s —
Z 5RO E R E ORI R E A S LI, RET
— X ROBEMEREE T NV X VHEE AT O WERH DN, 2D
B2 AT Z ORITIRIBREORBE MBI Thiv il <,
HETEDREEL 1L H 222 S TUVR .

AREFIRIE, MiZEsth kv R a2 2T 7o L cRisks s
QAR (Quick Access Recorder)7 —# ZE & LT, CARATS
Open Data 2> 585D 51E% AW TIRITIREEEOHER 21T\,
FEEFM AT O Z LIS X o TS — % O B0 6 @O E
THATIRREEAHEE T2 FIEE ML T2 L2 A ET 5.
TSR, RIEEGE & ORI X DEHENROFHI & v o
TRATIREHEE 2 AW EEE oM EICERT 2 Z &0
Hfrsns.

2 FATIKEEHERE R
2.1 FIRT—2LETIL

AT R E LT BOMELE 1 RT. 72720, Z2H41C
B L CIEEBMsSEA AN ED D3 L F—a— RE AW T
W5, TSR, FES17ECTHD.

TITIRREHE T 121X, CARATS Open Data 2017 & FU 7z,
CARATS Open Data |3 EIZ—K L—F |2 L > CTRGENZT
—ZThHV, WL, KPR, &BE, KJESE, B /8
BLD 6 DOTFT =40 10 BEMTiRESNTRY, HiE
DFEESCEAEI B L HBEEN G TN TS, —J7, #E
FEEE ORIV T, AN NS <Gl T—% & LTH
AATZERE RS L 0 R A2 13 72 QAR T —Z 2 AWz, 73
B, QAR 7 — X IR ITHEENE L, FELFHTHD.

BEZBETDIZDOKRET —% & LT, [ET M
HEAE T GPV (Grid Point Value) 7 — % # M 7=, HiET
W}ET /L E LT, GSM (Global Spectral Model) (HAIK) &
MSM (Meso-Scale Model) Z# v /=. GSM & MSM TiZ,
MSM O i3 EE BRI <, R DM & S R
N DG, R CIL, KT — ¥ OBINE A 22, R
FINZHTET 2 Z & TEEOSIZBIT 5 EER L ORIED
% RORIEEHEE OFHICHW .

AT NI
PEAL - 28 AT LIRESESE 1220057 494 e
Table 1 Analysis Object
Route From FUK to HND
Aircraft type B777-200
Apr 17th to 23rd, 2017 (68)
May 8th to 14th, 2017 (25)
Jun 12nd to 18th, 2017 (38)
Jul 10th to 16th, 2017 (68)
Aug 14th to 20th, 2017 (18)
Period (Number  Sep 11th to 17th, 2017 (16)
of flights) Oct 9th to 15th, 2017 (69)
Nov 13thto 19th, 2017 (41)
Dec 11th to 17th, 2017 (41)
Jan 9th to 14th, 2018 (60)
Feb 5thto 11th, 2018 (36)
Feb 26th to Mar 4th, 2018 (37)
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Figure 1 Flight State Estimation
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Figure 2 Comparison of Ground Speed
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Table2 Error of Ground Speed

ME [nvs] RMSE [m/s]
method mean SD mean SD
GSI 0.5664 0.3228 15.2541 2.6368
EH 0.5664 0.3228 15.2541 2.6368
SH 0.5664 0.3228 15.2541 2.6368
PS 0.8024 0.3212 15.2804 2.6380
PT 39.1810 2.3468 48.2653 2.9562
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Table 3 Error of GS (1stage filter)

ME [nvs] RMSE [mv/s]
Name Order mean SD mean SD

Median 17 0.5636  0.3525 | 2.7405  0.4646
Gaussian 25 0.5826  0.3221 | 3.6802  0.5096
SMA 15 0.5754  0.3224 | 3.9309  0.5340
Emean 22 0.4607  0.3458 | 14.6001  2.7563
Emedian 21 0.3419  0.3970 | 14.7305  2.7338

Table 4 Error of GS (2stage filter)

ME [nvs] RMSE [mvs]
Name Order mean SD mean SD

Median 9,19 0.5714 03684 | 2.6654  0.4864
Gaussian 19,17 | 0.5757  0.3220 | 3.6673  0.5091

SMA 13,11 0.5761 03223 | 3.6725  0.5058
Median- 17,1 0.5634 03524 | 2.7704  0.4624

Smean

Median- 17,1 0.5640 03514 | 2.7733  0.4607

Emedian

Median- 11,11 0.5814  0.3507 | 2.5047  0.4406
Gaussian
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Table 5 Error of Wind Speed

ME [m/s] RMSE [nvs]
Model mean SD mean SD

ALL GSM | -1.0574 09187 | 3.0244  0.9480
MSM | -1.0760 0.7612 | 2.7089  0.7739

EwW GSM | -0.6632 0.8955 | 29135 0.9273
MSM | -0.8044 0.7416 | 2.5909  0.7547

NS GSM 0.0598  1.0831 | 2.9676  1.0009
MSM | 0.0569  0.8460 | 2.5827  0.6496
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Table 6 Error of TAS
ME [nvs] RMSE [nvs]
Model mean SD mean SD
GSM 1.0709 1.0007 3.8019 0.8475
MSM 1.1442 0.8177 3.5855 0.7260
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Figure 3 Comparison of True AirSpeed
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Table 7 Error of smoothed TAS

ME [m/s] RMSE [m/s]
Name Order mean SD mean SD

Median 17 1.1672  0.8184 | 3.3797  0.6617

Gaussian 13 1.1482  0.8181 | 3.3068 0.6722
SMA 9 1.1496  0.8182 | 3.3159  0.6667
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Figure 5 Comparison of Fuel Flow
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Table 8 Error of Fuel Flow

ME [kg/s] RMSE [kg/s]
case mean SD mean SD
1 0.0220 0.0549 0.5179 0.0776

-0.0263 0.0454 0.4141 0.0561
-0.0115 0.0530 0.3080 0.0365
-0.0237 0.0465 0.2955 0.0358
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Table 9 Error of Fuel Consumption

case FCEp.q [%] QD [%] Within®5%
[flights] (%)
1 0.9172 1.9720 461 (89.2)
2 -1.4431 1.5752 491 (95.0)
3 -0.8177 1.7162 479 (92.6)
4 -1.3026 1.5499 487 (94.2)
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Figure 6 Fuel Flow (Maximum error)
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Figure 7 The ratio of QAR mass to BADA mass
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