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OHULILFDW



OHULILFDWLRQ O

O9HULILFDWLRQ RI WKH LPSOHPHQWHG VLPXODWLRQV DQG GDWD SURFHVV
FUHGLELOLW\RIWKHUHVXOWY REWDLQHGLQ WKLV UHVHDUFK )RU WKLV )
7TKHVH ZLOO EH GLVFXVVHG KHUH

1H[W WR YHULILFDWLRQ YDOLGDWLRQLVY LPSRUWDQW WR HQVXUH WKH PF
WLILHG WUDMHFWRU\ XQFHUWDLQW\ PRGHOV DQG WKH QXPEHU RI LGOH Gl
FDWLRQ FULWHULD LV QRW SRVVLEOH ZLWKLQ WKLY WKHVLY UHVHDUFK ,
GHVFHQWY WRZDUGV WKH ,$)V RI 6FKLSKRO $LUSRUW WR UHSOLFDWH WKH
GDWD ZRXOG EH UHTXLUHG 8QIRUWXQDWHO\ IRUWKLY UHVHDUFK LW LV
LWPXVWEH QRWHG WKDW WKH YHULILFDWLRQ DQG YDOLGDWLRQ RI WKH H
RXWVLGH WKHVFRSHRI WKLY UHVHDUFK 7KH %OXH6N\VLPXODWRU LV ZLG
WKLV UHVHDUEFK

TR VWDUW ZLWK DVVXPSWLRQV WDNHQ LQ WKLV UHVHDUFK ZHUH YHULILH(
HITHFWV RQ WKH UHVHDUFK RXWFRPHV 5HJXODWLRQV ZHUH FRQVXOWHG
UHDOLVWLF FRQWH[W ([DPSOHV RI WKLY DUH WKHDLUFUDIW VHSDUDWLRC

WLV LPSRUWDQW WR YHULI\ DOO FRUH FRPSXWDWLRQV E\ PHDQV RI XQLYV
FXODWLRQV ZHUH VXEMHFWHG WR XQLW WHVWYV WR YHULI\ WKH FRUUHFW
LQFOXGHV WKHFDOFXODWLRQVDGGHG WR WKH %OXH6N\VLPXODWRU DXW
H[SDQGHG WR DXWRPDWH WKH FDOFXODWLRQVDQG DSSO\WKHP WR PXOWI
DWH RXWFRPHV ZHUH VDYHG LQWR &69 ILOHV DQG PDQXDOO\UHFDOFXODW

$GGLWLRQDOO\ JUDSKY ZHUH FRQVWUXFWHG WR YLVXDOO\ YHULI\ FHUW
JUDSKVY ZHUH FRQVWUXFWHG WR DVVHVV WKH QHZO\DGGHG IL[HG )3%$ GHVI
DXWRSLORW ,WZDV FKHFNHG ZKHWKHU NH\IOLJKW SDUDPHWHUY KDG VH(
ELOLWLHV FDOFXODWHG IRUHDFKDLUFUDIW SDLU ZHUH VKRZQ DORQJ ZLW
7TKHVH ZHUH FRPSDUHG WR WKH 3URWHFWLYH =RQH 3= WR DVVHVV ZKHW
DOO VLWXDWLRQV

7KH QXPEHU RI VXFFHVVIXO LGOH GHVFHQWY ZDV YHULILHG E\ FDOFXODW.L
ZHUH DGGHG WR WKH SURFHVVLQJ FRGH WR FRXQW WKH GHVFHQWYVY ZKLO|
GbwWD ZHUH H{WUDFWHG IURP WKH &69 ILOHVY WKH\ ZHUH VDYHG WR DQG W
ZDVUHFDOFXODWHG XVLQJ WKHUDZ GDWD %RWKRXWFRPHV IURP WKHVH
YDOXHV HQVXUHG FRUUHFW FDOFXODWLRQV

7KHPRVWFRPSOLFDWHG WDVNLQ WKLV FRQWH[W LV WR YHULI\ZKHWKHU W
DGGLWLRQ LWLV LPSRUWDQW WR IXOO\FRPSUHKHQG WKH GDWD JHQHUD
TXHQWSURFHVVLQIJVWHSYV 7KHPRVWLQWXLWLYHZD\WRYHULI\ZKHWKHU
YLVXDOLVDWLRQ %HFDXVHRIWKLYVY DFXVWRPLQWHUDFWLYH GDVKERDU
GDVKERDUG DOORZV IRU IXOO FRPSUHKHQVLRQ RI WKH VLPXODWLRQV DQC(
SURYLGLQJD FOHDU YLHZRQ WKHFRUUHFWQHVV RI WKHLPSOHPHQWDWLR
RUDWHGRDIWRBDODUW RI WKLY GDVKERDUG HYROYHG IURP D VLPLODU GDVKI|
UbDGDU GDWD XVHG WR VHW XS WKH VLPXODWLRQV 7KDW GDVKERDUG LV |
EXW LW zZDV RI YLWDO LPSRUWDQFH WR YHULI\DOO ILOWHULQJ VWHSV WDI
VLPXODWLRQ VSDZQ SRLQWV IRUDOO DLUFUDIW



L OQWHUDFWLYH 'DVKERI
OLVXDOLVD

$VPHQWLREBDSEW®R/HKH LQWHUDFWLYHGDVKERDUG VKRZLQJWKH VLPXODWL
LV SUHVHQWHG LQ WKLV FKDSWHU 7KLV GDVKERDUG LV WKHPDLQ WRRO IF
WKH FRQIOLFW SUREDELOLWLHY EHWZHHQ DQ\ DLUFUDIW SDLU WR REWDL
UHVXOWV DQG WKH FRQIOLFW VFHQDULRVY HQFRXQWHUHG

$WVWDUW XS DWLPHVOLGHUDQGD ZRUOGPDSDUHVKRZQ $0OO0RWKHU IL
WLPH WKURXJKRXWD IXOO KRXUGD\FDQ EHVHOHFWHG ZLWK D UHVROXW
RI'WKHVLPXODWLRQ DW WKDW WLPHLVY GLVSOD\HG 7KH WKUHH ,$)V DUH V|
GRWUHSUHVHQWYV DQDLUFUDIW 7KHDLUFUDIWDUH GLVWLQJXLVKHG E\F
WR FOHDUO\VKRZ WKH WUDIILF VWUHDPV WRZDUGV HDFK ,$) %\ FKDQJLQJ
WKH %OXHG6N\VLPXODWLRQ FDQ EHUHSQDXHE 7KH YLHZLV VKRZQLQ

JLIXUH 6QDSVKRW RI WKH GDVKERDUG DW VWDUW XS IRUD VHOHFWHG W
FRQILIXUDWLRQV

$W WKHWRS WKHVHOHFWHG VFHQDULR LY GLVSOD\HG ,Q WKLV FDVH WK&F
LVORDGHG 7KHILUVW WUDMHFWRU\ XQFHUWDLQW\ SDUDPHWHU VHW LV |
VKRZQ ODWHU



%\FOLFNLQJRQDQDLUFUDIW LWV GRWWXUQVUHGDQGLWVURXWHLVGLV
VKRZQ DV EODFNWULDQJOHV ,WV DOWLWXGHDQG VSHHG JUDSKV DUH VKI
LVLQGLFDWHG RQ WKHVHJUDSKVY E\DQQRWDWLRQV %\FOLFNLQJRQD VHI
VSHHG LQIRUPDWLRQ DSSHDUDV ZHOO )RUGHPRQVWUDWLRQ SXUSRVHV
IURP WZR GLIITHUHQW URXWHY DUH PHHWLQJ DURKUH WKH ,$) 7KLV LV GHSI

JLIXUH $OWLWXGHDQG VSHHG JUDSKV IRUWZR VHOHFWHG DL

"KHQ WZR DLUFUDIW DUH VHOHFWHG WKH WUDMHFWRU\ XQFHUWDLQWLHYV
DQG WKH UHVXOWLQJFRQIOLFW SUREDELOLWLHY DUHFRPSXWHG 7KH FRC
SORWWHGRYHUWLPH LQ)YB)SDKWWHIUDSKRZQIARU WKH VDP)HDLWHUDIW VH
&OLFNLQJRQDQ\YDOXHRIWKHFRQIOLFW SUREDELOLW\JUDSK JHQHUDW H
WKHJUDSKEHORZ 7KLVHOOLSVRLGVKRZVWKHSRVLWLRQDOGLIIHUHQFH
WLPH EDVHG RQ WKH WUDMHFWRU\ XQFHUWDLQWLHV ZLWK D FRQILGHQ
LV GLVSOD\HG LQ WKH WRS ULJKW FRURHM WKW KHR GOAKERBUBEDELOLW\ F

+HQFH WKH XQFHUWDLQW\ HOOLSVRLG LV IXOO\JUHHQ ,W FDQ EH VHH
KDV D SRVVLELOLW\ R1060J R/S SUKHIKERIWDIRR QWD O G LV W 5Q@FH I X I R W H\XQDDF O
DLUFUDIW SRVLWLRQV IRUWKH VHOHFWHG DLUFUDIW RQ WKH VHOHFWHG
PDS $GGLWLRQDOO\ WKHDOWLWXGHDQG VSHHG DW WKH ORRNDKHDG WL
VSHHG JUDSKYV






	List of Figures
	List of Tables
	Nomenclature
	A Scientific Article
	 Introduction
	 Background
	 Trajectory Uncertainty
	 Idle Descents
	 Fixed-FPA Descents

	 Preliminary Research
	 General Outline
	 Assumptions
	 Simulation Platform
	 Preparations
	 Obtaining Trajectory Uncertainty Model Parameters
	 Uncertainty Simulation Setup
	 Resulting Trajectory Uncertainty Models

	 Main Experiment Design
	 Research Design
	 Assumptions
	 Developing Criteria for Idle and Fixed-FPA Descent Applications

	 Experimental Setup
	 Speed Schedule Assignment
	 Simulation Overview

	 Results
	 Criteria from Idle Descent Performance
	 Idle Descents under Criteria

	 Discussion
	 Research Findings
	 Limitations from Assumptions
	 Operational Potential
	 Recommendations for Future Work

	 Conclusion
	References
	Appendix
	 Aircraft Data for Trajectory Uncertainty Simulations
	 Descent Criteria Simulations
	 Trajectory Uncertainty in Cruise
	 Peak Hours from Radar Data
	 Descent Data


	B Verification
	Verification Methods
	Interactive Dashboard for Data Visualisation

	C Literature Review & Research Definition
	Introduction
	Research Foundations
	Research Objective
	Research Questions
	Expected Results

	Airspace and TBO
	Dutch Airspace Structure
	Trajectory-Based Operations

	Trajectory Uncertainty
	Track Error Definitions
	Sources of Trajectory Uncertainty
	Trajectory Uncertainty Quantification Techniques
	Wind Uncertainty
	Conflict Detection
	Possibilities with ATS B2 ADS-C

	Idle and Fixed-FPA Descents
	Descent Physics
	Idle Descents
	Fixed-FPA Descents
	Knowledge Gap

	References


