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FOREWORD

This document was prepared by Special Committee 230 (SC-230) and approved by the RTCA Program
Management Committee (PMC) on June 22, 2023. It supersedes DO-220A with Change 1, dated August
17,2018.

RTCA, Incorporated is a not-for-profit corporation formed to advance the art and science of aviation and
aviation electronic systems for the benefit of the public. The organization develops consensus-based
recommendations on contemporary aviation issues. RTCA’s objectives include but are not limited to:

e coalescing aviation system user and provider technical requirements in a manner that helps
government and industry meet their mutual objectives and responsibilities.

e analyzing and recommending solutions to the system technical issues that aviatior facos as it
continues to pursue increased safety, system capacity and efficiency.

e developing consensus on the application of pertinent technology to fulfill usc= a1 d provider
requirements, including development of minimum operational performance standwrds for
electronic systems and equipment that support aviation; and

e assisting in developing the appropriate technical material upon which jositions for the
International Civil Aviation Organization and the Internatio.»al Telecommunication Union and
other appropriate international organizations can be based:

The organization’s recommendations are often used as the besis /or government and private sector decisions
as well as the foundation for many Federal Aviation Adm:zistiotion Technical Standard Orders and several
advisory circulars.

Since RTCA is not an official agency of the Unit.d States Government, its recommendations may not be
regarded as statements of official governmert pulicy unless so enunciated by the U.S. government
organization or agency having statutory jurizdici« n over any matters to which the recommendations relate.

“Disclaimer”

This publication is bacd o, material submitted by various participants during the SC approval process.
Neither the SC nor RTC: nas made any determination whether these materials could be subject to valid
claims of patent, copvright, or other proprietary rights by third parties, and no representation or warranty,
expressed or ‘mpiied 1s made in this regard. Any use of or reliance on this document shall constitute an
acceptance thercf ““as is” and be subject to this disclaimer.”
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EXECUTIVE SUMMARY

Since the introduction of DO-220, there have been many technological advances in the field of airborne
weather radar. DO-220A incorporated updates and corrections to the previous version. In addition to
modernizing the requirements and test procedures for the weather, ground mapping, and forward-looking
windshear functions set out in its predecessors, SC-230 added specifications for radar detection of
turbulence and atmospheric threat awareness. DO-220B adds requirements and test procedures for a
high-altitude ice crystal detection function. Any of these functions may be implemented individually or in
combination with any others. This document has been designed such that the requirements and test
procedures for each function are grouped into distinct sections to facilitate testing and showing «f
compliance.


https://www.stdhive.com/standards/rtca-do-220b2023-pdf/



https://www.stdhive.com/standards/rtca-do-220b2023-pdf/

TABLE OF CONTENTS

1 PURPOSE AND SCOPE 1
0 B 51 U3 (o Ta L 12 o)  H OO SOOI 1
1.2 SYSEEIM OVETVIEW ....eiuiiiiiniiiieitesteeitete sttt ettt ettt ettt sh et b e e bt et e bt et sbe et e b sbt et e e bt e st enbesbeentenees 2
1.3 Intended FUNCLION ....oouiiiiiiieiee ettt ettt ettt sb e sa e st e eabe e be e beesbeesaeeeneas 2
1.4 Operational Applications and GOALS ..........c.eeecuieiiiieriieeiieeie et eeaee e ebeesneaeenens 3
LA.1T  Weather DEteCTION ...cc.eeiiieieieiieieie ettt ettt sa et ee et e bt et e st eneentesees 4
1.4.2  Ground MaAPPINZ......coeeteruirieiinieet ettt sttt sttt ettt et bt et sb et e bt bt et e s b e sat e bt sbe e st e bt ebeentesbeeaee 4
1.4.3 Forward-Looking Windshear DEeteCtion ............cceeecuieeriiiiiieeiiieeciie et s e 4
1.4.4 Forward-Looking Turbulence DEteCtiON ..........ccceeveerieriireiieirieriierie e sreeaeesieeseesenesenesnnens e 4
1.4.5 Atmospheric Threat AWAIENESS .......cceeiereriierieniieiieierieeee ettt ettt &N 4
1.4.6 High-Altitude Ice Crystal Detection ........c.cceeieiiieiiieiiieiienierie et (e e et e 5
1.5 ASSUMPLIONS....vieeiuiieerieesiirerteeestreesteesteeessseesseeessssessseeessseessseesssseesssesssseessssesssssssssseesssenslierenssiensseeensns 5
1.6 TSt PrOCEAUIES .....cc.eieiiieiietieiieeite ettt ettt sttt ettt ettt snaesnbeenseenseeneeas YRR J 5
1.7 Definition Of TEIMS. ...ccueiitietieitiieiie ettt ettt ettt sttt et et esbee s teebeesbeesbeesaeeenees 6
1.8 Acronyms, Abbreviations, and InitialiSms...........ccceeveeeeeiiiriiieecie e, . YOS 6
1.9 RETETEICES ... ettt sttt sttt et e st eme e e e ene ohesetentesbeententeeneeeesees 8
LR B € 1< 1< 1 O S oSO STUP 8
1.9.2 Forward-Looking Windshear DeteCtion ............cceeecvieeriiiiciieeiiieeciie e ettt 8
1.9.3 Forward-Looking Turbulence DeteCtion ...........ccecveriierieeneiinies heeiieiieniiesieeseeesre e esseesseesenesenesnnas 9
1.9.4 High-Altitude Ice Crystal Detection ..........cecevirieriniiiieneeienit ettt e 10
2 EQUIPMENT PERFORMANCE REQUIREMENTS ANL T<ST PROCEDURES. .................. 11
2.1 General REQUITEMENLS. .......cceciierrieeciieerieeeiieerrees L eeraenreeeieeesveesteeesebeesseeessseesseeessseessseessseessses 11
2,101 ATTWOTTRITIESS -ttt ettt st ettt e et e bt e st e e e st et e seeemeeeesaeeneanneas 11
2.1.2  Intended FUNCHION ...oueiiiiiiiiiiei ettt ettt ettt sttt et be e bt e saeesmteemteenbeeseeneeens 11
2.1.3 Federal Communications Commission Fales ...t 11
B B b 1 (< o (0] 1515 o) | B SRS 11
2.1.5 Operation of Controls ..................[... B e eeeeteete ettt e e et e st e st e st e bt e et e e st e e st e R st e bt e ereesrnesreasens 11
2.1.6  AccesSibility Of CONIOLS. ... .ol oii ettt ettt ettt et beeseee s 11
2.1.7 Radome Design........cccceeevereres e D e etreerre e e et e et e e e s e e te e be e be e br e s e e s eeeree e ae e st eaaeeereesreenreenntenane 11
2.1.8  Equipment INterface TOIPTALILA . ..oiiiiiiiieieiiecece ettt ettt sbe e eseeneae s 12
2.1.9 Heading vs. Track Fran e Of Reference DiSCUSSION .......cc.eevueeriiriiiiiieiiieiiestierieeee e 12
2,110 EAFECTS OF T@ST..eeiit ittt ettt et e sttt st et e b e beesbe e s aeeeateenbeebeenbeens 12
2111 DESIZN ASSUIATN 1ot evieteeieesteeeteaseesseesseesseesssessseasseasseesssessaesssessseasseassessseesssesssesssessseessessssesssens 12
2.1.12  Understandabi.’ty ¢ [ Displayed Information ............cccecvevierieniieiiieeieeieseeseesee e 12
2,113 NONAINEETFETENCE 1 ...ttt ettt ettt b e be e sbe e sateeateebeebeenbee s 12
2.2 Equipmen: Petormance — Standard CONAitionS............c.veevverrierierieesireeieerieeseeseesresneeseeseesseessnens 13
2.2.1  Genera! EQupmMent CharaCteriStiCS....cuuuruierieriierierieeieeieesieesieeseessesseesseesseesseesssesssessesnseesseessnens 13
2.2.2  Airborne Weather and Ground Mapping Radar Requirements............ccceceereenieniriiensieenieenieeneeene 15
2.23 .For vard-Looking Windshear ReqUITEMENtS...........cccueerviieriieeriieeieeeieeeiee e ereeereesveeeaee e 19
224" Forward-Looking Turbulence Detection ReqUIrements ...........c.ccooveveerienenieneniniieneniene e 26
2.2.5  rAMOSPhETIC TRICAt AWATETIESS ...cueeiuiieiieitietieeiie ettt ettt et et e st e ete e bt e bt e s bt e saeesneeembeebeeseeseeens 27
2.2.6 High-Altitude Ice Crystal DEtECtiON .......ccueeeiiiiiiiieeiiiesiee et eee et e s esr e e eree e e e ssraeeaaeessseas 28
2.3 Equipment Performance — Environmental Conditions ............cccceveveeeieecieeniieneeniesreereereeseeseeesenens 33
2.3.1 Environmental Test CONAItIONS .......cooiririiriirieiiitieieieet ettt ettt st s nae e 33
2.4 Equipment Test PrOCEAUIES ........cccueiiiiiiiiiieiieiiesieee ettt et ettt e st esneeenteeseeseeseee s 36
2.4.1 Definitions of Terms and Conditions Of TeSt.........cceeceeririeririeere e 36
2.4.2 Required Test EQUIPIMENL.........cccieiitiiiiiiiecieiesiesie ettt esieesteesaessseesseesaessaesssesssesnsessseesseesseens 36
2.4.3 Detailed Test PrOCEAUIES .....cc.eeviiiiiiiieit ettt ettt ettt e st e st e snteenteenseeseessnens 37


https://www.stdhive.com/standards/rtca-do-220b2023-pdf/

2.4.4  Flight Evaluation ACHVIIES ....ccceeriieiiieiieitiertieeie ettt et et estee st e siteeateebe e bt esseesneesnseenseenseeseassnens 60

3 MANUFACTURER CONSIDERATIONS FOR INSTALLED EQUIPMENT 63
3.1 Equipment INStAllation ...........ccverierieriieiiieieeieesiee e steste e ete e teestaesesessseesseessaessaessaessnesssesssesssennns 63
BiLi]  ACCESSIDIIIEY ..eeutieiieeie ettt ettt ettt ettt e b e bt e h et e e e et et e bt e bt e saeeeateenneenteenne 63
3.1.2  Aircraft Environment (SUbSECtION 2.3) .....cccciiiiiiiiiiieeiie ettt et e et eesere e sbeeeeraeenbeaens 63
3.1.3  Fallure ProteCtION ...c..coiiiiiiiiieiieeeetee ettt ettt ettt ettt ettt e sbeesaeesateeate e 63
3.1.4  Interference EfFECtS .......cooiiiiiiiieiee e 63
3.1.5  Inadvertent TUIMOLT.........oooiiiiiiee ettt ettt et e et e e s eve e ebeeeetbeesateeeaseeeabeaans 63
3.1.6  ATICTaft POWET SOUICE. ...cc.uiiiiiiiiiieieiee ettt ettt et et e s saee st e ~3
T R AT § 1< )l (<o 131 o) s PR S 64
3.1.8 Adjustment of Equipment (Paragraph 2.1.8) ....ccccoeeriiiiiiininiiienieieceeeeeteeseeee s 64
3.1.9  Warm-Up Period.......cocouiieiie ettt et ettt e e e e eta e e sabeeesbaeesnbaeenaaeesaeeis e, 64
3.2 Installed Equipment Performance Considerations ...........ccceecveereveeerveescreeenneescreesseeenslceseisnes eeans 64
3.2.1 Weather Radar TranSmiSSION LOSS .......cccueiiiuiiiiiiiiiiieiiieecie ettt e et e et e eeveeeteeesasees e eeasaeereaens 64
3.2.2 System Performance (Subparagraphs 2.2.2.9 and 2.2.3.3) ....ccccieviiiriiiieiiiecee ettt 64
3.2.3  Aperture BIOCKAZE .....c.veviieiieeiie ittt et e reeetaeearaeenreeens 64
3.3 Test Procedures for Installed Equipment Performance..............ccovvvevveriincenciiit oo e 65
3.3.1  Conformity INSPECHION ....c.evviruiiriiriieiiieeiteeri ettt et L et bt e e sbe e e e 65
3.3.2  Ground Test ProCedUIe ........c.coceeiiiiiiiiiiiiiieenieeniee et eieeieesieeset e ettt st 65
3.3.3  Flight Test PrOCEAUIES .......cccveviieriiiiieiieiieiierieesieeseesve e eieeeeessneses D fanreentaeseesseesenessnesnsesnseenes 66
4 AIRCRAFT OPERATIONAL PERFORMANCE CHARACT ¥ ni3TICS 69
4.1 Radome Maintenance Requirements ......................... &N 69
5 MEMBERSHIP.......uiiieiiinnniicscnssecscnssesscnsssssel sasone 71
APPENDIX A FORWARD-LOOKING WINDSHEAR TEST CASES A-1
A.1 General Windshear Scenario Test INformaion . ..ccueiieiieiiiiiciii e A-1
A.2 Considerations Associated with the/Js. ot the Windshear Test Set-Up .......ccceevcvveecirenrieineenee. A-1
A3 WiINAShEar SCENATIOS ....c.uiiuieieee et ettt ettt ettt ettt e et e e et se e e te e bt eneeseeeneenteseeeneenneas A-8
APPENDIX B PLOTS FOR FU2V/ARD-LOOKING WINDSHEAR DATA SETS...ccovceieinvnnnee B-1
B.1 Input Sounding Plotted oni Sliew T-10g p DIagrams........cocveeieeiiierieenienienee et B-1
B.2 North-South and Fast-vZest FBAR Contour Plots .......ccoeeiiiiiieiiieieeeeeeee e B-8
B.3  Radar Reflectivii,m CONMOUT PIOLS ....coeecvieiieiiecieriecieeieetet ettt e e B-23
B4 WINA VECIOTS. . .eiiii ceiiieiiieciee ettt ettt e ettt e ettt e et e e s taeesbeeestbeesabeeensaeessseeensesesseessseeesseennseeans B-28
B.5 Along-Patli Fiioht Scenario PIOtS .......cccooiiiiiiiiiie e B-37
APPENDIX C  ANALYTICAL TECHNIQUE FOR EVALUATION OF MISSED EVENTS &

NUISANUCE ALERTS C-1
Gt DETOUCTION ittt ettt ettt et e bt e s bt e sat e et e e be e bt e nbeesaeeeaees C-1
RO 11 Fed (S S 1 E TS N USSP C-1
C.3" Velocity Measurement EITOT .........cccviiiiiiiirieiieeieeie ettt stesteeteeseesteeseaeseaesnseesseeseesseesnsesnses C-2
C.4  Errors in Hazard Factor Estimation Using the Least-Squares Algorithm ............ccccooiieiiinennnee. C-2
C.5 Errors in Averaging the Hazard Factor Estimates Along an Azimuth Line.........cccccccceevevveenneennnen. C-2
C.6  Averaging Over Adjacent AZImMUth LINeS.........ccccevviieriierierieiiieiteieeee et ere et C-4
C.7 Missed Detection and Detection Probability (Single Scan) ..........ccecceevieviiniiiiiniieiieneeeeeee, C-4
C.8  Nuisance AlCrt Probability .......c..ccccuiiiiiiiiiieiiieciie ettt tee e e et e e tae e sebeeeseaeesaveas C4


https://www.stdhive.com/standards/rtca-do-220b2023-pdf/

C.9 Multiple Pixel Detection REqUITEMENLES .........ccceeriiiriiieiiieiierieeie ettt ettt et et C-5

C.10 Requirement for Hazard Detection on More Than One Azimuth Scan ............ccceeevveecreeecnveennnen. C-6
C.11 Cumulative Probability of Detection and Nuisance Alert..........cccoceevierereerienenienineeieneeceeeee C-6
C.12  CalCUIALIONS ...ecuviieiiiectie ettt et e et e ettt e et e e et eeeabe e e tbeeseseeebseessseeensaeesseeessaeesseesnsesensseensrens C-7
C.13  Summary and CONCIUSIONS ........cccuiiiiieeitiieiiieeiteesteeeteeestteesbeeeteeesbeeeseeessseessseeesseesssesesseesssens C-8
L o T4 (T USRS C-9
APPENDIX D HIGH-ALTITUDE ICE CRYSTAL DETECTION TEST CASES......ccccccevervuerene D-1
D.1 Statistical Evaluation of Performance.............cccooooviiiiiiiiiiiiiciiccec e e D-1
D.2 Simulated Evaluation of Performance ...........ccccoiierieniiiiiiiiiieeeeseeste e D.1
APPENDIX E HISTORICAL INFORMATION AND DERIVATIONS ....ccoccevnuicsnicsanesnssantisesent E-1
E.1 Performance Index Equation Derivation ..........c.cceceveriereneniieninienenenieneseeeenenee e s e .. E-1
E.2  Conversion CalCulations. ..........cceiierieiieiiieie ettt sete sttt e sbe e e L. E-5
TABLE OF TABLES

Table 1-1: Airborne Weather Radar Equipment Classes and Applicable M nir.um Performance

StANAArds.......ceoveiiienieiie e e e 3
Table 2-1: K Factors and Two-way Attenuation VAlUES ..........cccevveersh ciiiieniieiieseeseesreereereeseesseesenens 17
Table 2-2: Minimum Performance Index vs. Maximum System Kange.........ccceccvereerieniiiieeiieeneeneeneeene 18
Table 2-3: WIndsShear ALTES .......cooeeiiiriiiiiiiieieieieies e ettt sttt 23
Table 2-4: Aircraft Class and Minimum Performance Level... ....o....ccoooiiiiiiiniiiiiieeeeec e 26
Table 2-5: Equipment Level (Minimum Operational Rar €€). ..........cocoevveririinininiieninieicnceiec e 30
Table 2-6: High-Altitude Ice Crystal SYmboIogy .......cocociiiiiiie e 31
Table 2-7: Performance Test Requirements for Environmental TestS.........ccccceeveviiirciieiiieenieeciee e, 34
Table D-1: Description of variables for each TASS weather model €ase........ccooevvvviveviieiienienieeieeeee, D-4
Table D-2: Summary of all Vent SCENATIOS .1t . euuiiiieiieieeie ettt ettt ettt sb e s e D-6
Table E-1: Conversion A2 to nautical MILES. ..o.eeiiiiiiiiiiiiienieeee ettt E-6
Table E-2: Avoidance and Penetration Talemlalions .......eeceeereieiieiiieiieieeeesee st E-7
Table E-3: Actual Installation Losses Difior, Lost AdJUSTMENTS .......cc.eevvieriiereercieeieeieesieeseeseesevesneeenes E-8
Table E-4: Avoidance V. PeNE atlii: e ittt sttt E-8
Table E-5: Conversion to DB Fanina......cooiiiiiiii ettt E-8
Table E-6: K Value CalCulaions .. .. oottt st st et e E-9
Table E-T7: K FaCIOT .....ii i i ettt sttt sttt b e e st et e st et e se e et e teeaeenseeneeneeeene E-9
Table E-8: Equivalent s fc r New Calculation Method ..........cocceeviiiiiiiiiiiiiieieeceee e E-10

TABLE OF FIGURES

Figure 2-': Winashear Alert REZIONS ......cc.cooiiiiiiiiiiiieiieetee ettt s 22
Fignre2-2. Windshear System Icon EXamples.........coooiiiiiiiiiiiiiieiee e 25
Fignre 2-3: Example Symbology for High and Moderate IWC...........cccoocvieiiieiciiieciiecieee e, 32
Fig.re 2+4: “Alternate Symbology for High and Moderate IWC ..........cccoiiiiiiininiinieeeec e 32
Fijure 2-5: Indicated Range Error Test Configuration ............oocueereereerieiieeie ettt 39
Migure 2-6: Minimum Displayed Target Range Test Configuration...........cccecueevienienieniiiienieecenceneene 40
Figure 2-7: Windshear Test CONfIGUIAtioNn ..........cccciiieriiiieieiee ettt s 48
Figure 2-8: System Simulation MethodOLOZY ........ccevieiiiiriiriiieereeee e 54
Figure A-1: Formation of Combined Clutter and Rain Return ...........ccccceeevvieviiecciiieiiieciee e A-4
Figure A-2: Generation of Microburst Radar Return Data ............coccoviiiiiiinininieeeee e A-5
Figure B-1: Skew-T Diagram of Atmospheric Sounding for Data Set #1 ..........ccccooininieniinieniiiiee B-1

v


https://www.stdhive.com/standards/rtca-do-220b2023-pdf/

Figure B-2:
Figure B-3:
Figure B-4:
Figure B-5:
Figure B-6:
Figure B-7:
Figure B-8:
Figure B-9:

Figure B-10:
Figure B-11:
Figure B-12:
Figure B-13:
Figure B-14:
Figure B-15:
Figure B-16:
Figure B-17:
Figure B-18:
Figure B-19:
Figure B-20:
Figure B-21:
Figure B-22:
Figure B-23:
Figure B-24:
Figure B-25:
Figure B-26:
Figure B-27:
Figure B-28:
Figure B-29:
Figure B-30:
Figure B-31:
Figure B-32:
Figure B-33:
Figure B-34:
Figure B-35:
Figure B-36:
Figure B-37:
Figure B-38:
Figure B-39:
Figure B-40:
Figure B-41:
Figure B-42:
Figure B-43:
Figure B-44:
Figure B-'5:
Figere D.40:

Fioure B-47

Figue B-48:
Figure B-49:
vigure B-50:
Figure B-51:
Figure B-52:
Figure B-53:
Figure B-54:
Figure B-55:

Skew-T Diagram of Atmospheric Sounding for Data Set #2 .........ccccoocevvviiriieniinienieeee, B-2
Skew-T Diagram of Atmospheric Sounding for Data Set #3 ..........ccceeeeiiiviieniieecie e, B-3
Skew-T Diagram of Atmospheric Sounding for Data Set #4 .........ccccoovvvvvivevvevienierieeeeee, B-4
Skew-T Diagram of Atmospheric Sounding for Data Set #5........cccccoovivviriieniinieneee, B-5
Skew-T Diagram of Atmospheric Sounding for Data Set #6..........cccceeevvevviieriiecciieeieeen. B-6
Skew-T Diagram of Atmospheric Sounding for Data Set #7 .........cccccvvvvvvveviieveeneeriecreene, B-7
Data Set/Time #111: East-West FBAR at 300 Meters Elevation..........cccccccoevuveveevvvereeennnen.. B-8
Data Set/Time #111: East-West FBAR at 50 Meters Elevation........cccccccccceeevvvviiveeeeeiininnns B-8
Data Set/Time #237: North-South FBAR at 300 Meters Elevation .............cccccooevvvveveeeen.n. B-9
Data Set/Time #237: North-South FBAR at 50 Meters Elevation ..............ccoovvvveeveuvereenn.. B-9
Data Set/Time #237: East-West FBAR at 300 Meters Elevation........cccccccccoovvvvvnnenneennn. B-10
Data Set/Time #237: East-West FBAR at 50 Meters Elevation..........ccccccooovvvvinennnn .B-10
Data Set/Time #349: North-South FBAR at 300 Meters Elevation ..............cccoeevuvveeiiin. o-11
Data Set/Time #349: North-South FBAR at 50 Meters Elevation ...........cccccceovveeeeenlinneen, B-11
Data Set/Time #349: East-West FBAR at 300 Meters Elevation....................0 .. . B-12
Data Set/Time #349: East-West FBAR at 50 Meters Elevation........ccccccccc i, B-12
Data Set/Time #351: North-South FBAR at 300 Meters Elevation ...........0...oooovvnieenne... B-13
Data Set/Time #351: North-South FBAR at 50 Meters Elevation ........cv ... covvvuuveeeeennnn. B-13
Data Set/Time #351: East-West FBAR at 300 Meters Elevation..........o........ eeevvvveenennn. B-14
Data Set/Time #351: East-West FBAR at 50 Meters Elevation...............cccoeeevvneeeenne. B-14
Data Set/Time #436: East-West FBAR at 300 Meters Elevatiyi.....vcevevviiiiiiiiiiiieeen, B-15
Data Set/Time #436: East-West FBAR at 50 Meters Elevation... «iiccccccccvviiivivviiiennnennn. B-15
Data Set/Time #540: North-South FBAR at 300 Mete.s E levation .............ccooeeveuvvveeeennen. B-16
Data Set/Time #540: North-South FBAR at 50 Meters E. -vauon ...........cccoeeveeveeeneeeennne. B-16
Data Set/Time #540: East-West FBAR at 300 Mete -s Elavation.......cccccccevvivivvinnennnnnnn. B-17
Data Set/Time #540: East-West FBAR at 50 24etcrs Licvation.......ccocuvvvveeeeeeeeeiniveeeeeenn. B-17
Data Set/Time #545: North-South FBAR at 200 Me.ers Elevation ...........cccceeeeveuveeennen.. B-18
Data Set/Time #545: North-South FBAR a 50 Meters Elevation ...........cccccccoovveuuvveeeennn. B-18
Data Set/Time #545: East-West FBAR at 30u ileters Elevation........ccccccccooovvvvvinnnennnnnn. B-19
Data Set/Time #545: East-West FBZ R at 50 Meters Elevation..........ccccccooevveveieneeeennne. B-19
Data Set/Time #614: North-South TRAR at 300 Meters Elevation .........ccoeevveeeveeeeeennnn.. B-20
Data Set/Time #614: North-Souu. F BAR at 50 Meters Elevation ..........ccccoeovvvvvuvvveenennn. B-20
Data Set/Time #614: East-W e« FBAR at 300 Meters Elevation.........ccccccccooovvvvnvveennennn. B-21
Data Set/Time #614: East-Wesi rBAR at 50 Meters Elevation..........cccceevveveeeeieneeeennne. B-21
Data Set/Time #727: Eact-West FBAR at 300 Meters Elevation......oc.evvvvveiiiiveicinenneennnn. B-22
Data Set/Time #727: East ‘West FBAR at 50 Meters Elevation........cccccvvvveiiiiieiinieneneennn. B-22
Data Set/Time #1'1: Fadar Reflectivity ......cccccvvviieviierieieciecie e B-23
Data Set/Time #237: Radar Reflectivity .......cccceeviveriierieieiecieeeeeeeeee e B-23
Data Set/Timic #549: Radar Reflectivity .......coceeiiieiiiiiieieeeeeeeeeeee e B-24
Data Set/1:me #351: Radar RefleCtiVItY .....cc.eeeviiiriiiiiieciiecee et B-24
Dat~ Set/Timu #436: Radar ReflectiVity ......cccocvveciieciieiieiecieceeeeeeeee e B-25
Daa Se'Time #540: Radar Reflectivity .......cooiieiieiiieiieieeeeeeeeeeee e B-25
Lota Set/Time #545: Radar RefleCtiVILY ...occviieciiieciie et B-26
Data Set/Time #614: Radar Reflectivity ........cccoevuiiviienienieiecie e B-26
Data Set/Time #727: Radar ReflectiVity ........cccceeviveviieiieierieeieeieeeeeee e B-27
Data Set/Time #111: Horizontal Wind Vectors at 50 Meters Elevation ..........ccccuvveeeee.... B-28
Data Set/Time #111: East-West Vertical Wind Vectorsat y =0 Km ........ccccevevveveennenne B-28
Data Set/Time #237: Horizontal Wind Vectors at 50 Meters Elevation ............cc............ B-29
Data Set/Time #237: East-West Vertical Wind Vectorsat y =-1.38 Km.........ccceceeee. B-29
Data Set/Time #349: Horizontal Wind Vectors at 50 Meters Elevation ..........cccccuuveee...... B-30
Data Set/Time #349: North-South Vertical Wind Vectors at x = 8.49 Km........cccveee.e... B-30
Data Set/Time #351: Horizontal Wind Vectors at 50 Meters Elevation ..........cccccuvveeee.... B-31
Data Set/Time #351: East-West Vertical Wind Vectors at y =-5.07 Km.........ccceeeunennee. B-31
Data Set/Time #436: Horizontal Wind Vectors at 50 Meters Elevation ............ccc............ B-32

Horizontal Wind Vectors at 50 Meters Elevation
vi


https://www.stdhive.com/standards/rtca-do-220b2023-pdf/

Figure B-56:
Figure B-57:
Figure B-58:
Figure B-59:
Figure B-60:
Figure B-61:
Figure B-62:
Figure B-63:
Figure B-64:
Figure B-65:
Figure B-66:
Figure B-67:
Figure B-68:

Figure B-69:
Figure B-70:

Figure B-71:
Figure B-72:
Figure B-73:
Figure B-74:
Figure B-75:
Figure B-76:
Figure B-77:
Figure B-78:
Figure B-79:
Figure B-80:

Figure B-81:
Figure B-82:
Figure B-83:
Figure B-84:
Figure B-85:
Figure B-86:
Figure B-87:
Figure B-88:

Figure B-89:
Figure B-90:

Figure B-91:

Figure B-92:
Figure B-93:

Figure B-94:

Figure B-95:
Figure B-96:
Figure B-97:
Figure B-98:

Data Set/Time #436: East-West Vertical Wind Vectors aty =0 Km .....c.ccoceeceevincenenens B-32
Data Set/Time #540: Horizontal Wind Vectors at 50 Meters Elevation ..........c..cccceeuee.e. B-33
Data Set/Time #540: North-South Vertical Wind Vectors at x =3.79 Km.........cccceceene. B-33
Data Set/Time #545: Horizontal Wind Vectors at 50 Meters Elevation ............cccccoe........ B-34
Data Set/Time #545: North-South Vertical Wind Vectors at x =4.262 Km..................... B-34
Data Set/Time #614: Horizontal Wind Vectors at 50 Meters Elevation .............cccceeen.... B-35
Data Set/Time #614: North-South Vertical Wind Vectors at x = 14.471 Km................... B-35
Data Set/Time #727: Horizontal Wind Vectors at 50 Meters Elevation ............c.cccoc........ B-36
Data Set/Time #727: East-West Vertical Wind Vectorsaty = 1.0 Km ........c..cccvveennennee. B-36
FLWS Scenario 1: Data Set/Time #111, Aligned for Takeoff on Track 90...................... B-37
FLWS Scenario 2: Data Set/Time #111, Straight-In Approach on Track 90.................... B-37
FLWS Scenario 3: Data Set/Time #237, Straight-In Approach on Track 180.................. B-38
FLWS Scenario 4: Data Set/Time #237, Straight-In Approach on Track 90, Below

Alert Threshold SHEar..........ocviiiiiiiiiice e B-38
FLWS Scenario 5: Data Set/Time #237, Go-Around on Track 270........ccccccoevvvvvvvvnnnennnn. B-39
FLWS Scenario 6: Data Set/Time #349, Straight-In Approach on Track 90, Below

Alert Threshold SREar........c.ooeiiiiiiieeeeee et B-39
FLWS Scenario 7: Data Set/Time #349, Straight-In Approach on Track 360.................. B-40
FLWS Scenario 8: Data Set/Time #351, Aligned for Takeoff on Track 360.................... B-40
FLWS Scenario 9: Data Set/Time #351, Aligned for Takeoff on Track 90...................... B-41
FLWS Scenario 10: Data Set/Time #351, Takeoff Gear-Up Height on Track 90............. B-41
FLWS Scenario 11: Data Set/Time #351, Straight-In Approach on Track 360................ B-42
FLWS Scenario 12: Data Set/Time #351, Straight-In Approach on Track 45 .................. B-42
FLWS Scenario 13: Data Set/Time #351, Straight-In Approach on Track 90.................. B-43
FLWS Scenario 14: Data Set/Time #351, Straight-In Approach on Track 135................ B-43
FLWS Scenario 15: Data Set/Time #351, Straight-In Approach on Track 270................ B-44
FLWS Scenario 16: Data Set/Time #351, Straight-In Approach on Track 315, Two

Windshears on This Path ...........coccoeriiiiiiiiiic e B-44
FLWS Scenario 17 (Right Turn): Data Set/Time #351, Curved Approach Right Turn

with Localizer on Track 90 .........cccooiiiiiiiiiieee e B-45
FLWS Scenario 17 (Left Turn): Data Set/Time #351, Curved Approach Left Turn

with Localizer on Track 90 .........ccooiiiiiiiiiiieiee ettt B-45
FLWS Scenario 18: Data Set/Time #436, Aligned for Takeoff on Track 90.................... B-46
FLWS Scenario 19: Data Set/Time #436, Straight-In Approach on Track 90.................. B-46
FLWS Scenario 20: Data Set/Time #436, Worst-Case Drift Angle Approach on Track

000 ettt ettt a e et e h e et e bt ea e e te st et e bt ehe e teteent e seeneente st entenseenn B-47
FLWS Scenario 21: Data Set/Time #540, Takeoff Gear-Up Height on Track 270- ......... B-47
FLWS Scenario 22: Data Set/Time #540, Straight-In Approach on Track 360................ B-48
FLWS Scenario 23: Data Set/Time #540, Worst-Case Drift Angle Approach on Track

3000 ettt ettt ettt a et ettt e bt eht et et e ene e seeneenteaseeneenseenn B-48
FLWS Scenario 24: Data Set/Time #540, Go-Around on Track 360............cccoeeeuvveveeeenn. B-49
FLWS Scenario 25 (Right Turn): Data Set/Time #540, Curved Approach Right Turn

with Localizer on Track 270 .......cooceeiiiiiiiiiiiieiee et B-49
FLWS Scenario 25 (Left Turn): Data Set/Time #540, Curved Approach Left Turn

with Localizer on Track 270 .......cccooioriiiiiiiieeeete e B-50
FLWS Scenario 26: Data Set/Time #545, Straight-In Approach on Track 360................ B-50
FLWS Scenario 27 (Right Turn): Data Set/Time #614, Curved Approach Right Turn

with Localizer on Track 180 .......cccoooiiiiiiiiiniieeee e B-51
FLWS Scenario 27 (Left Turn): Data Set/Time #614, Curved Approach Left Turn

with Localizer on Track 180 .......cccciiiiiiiiiiiiiiiieee e B-51
FLWS Scenario 28: Data Set/Time #614, Straight-In Approach on Track 360................ B-52
FLWS Scenario 29: Data Set/Time #614, Straight-In Approach on Track 45 .................. B-52
FLWS Scenario 30: Data Set/Time #614, Straight-In Approach on Track 90.................. B-53
FLWS Scenario 31: Data Set/Time #614, Straight-In Approach on Track 180................ B-53

Vil



Figure B-99: FLWS Scenario 32: Data Set/Time #614, Straight-In Approach on Track 225................. B-54

Figure B-100: FLWS Scenario 33: Data Set/Time #614, Straight-In Approach on Track 270.............. B-54
Figure B-101: FLWS Scenario 34: Data Set/Time #614, Straight-In Approach on Track 315.............. B-55
Figure B-102: FLWS Scenario 35: Data Set/Time #727, Aligned for Takeoff on Track 270................ B-55
Figure B-103: FLWS Scenario 36: Data Set/Time #727, Straight-In Approach on Track 270.............. B-56
Figure C-1: List of Parameters for Calculation of Detection and Nuisance Alert Probabilities Shown

1N SUDSEQUENT FIGUIES. ..euviiiiiiieiiecie ettt sttt steeseaesraessbeesbeessaessaessnennnas C-9
Figure C-2: Radar Single Pulse Signal-To-Noise Ratio versus Radar Range for Three Values of

LN 1o B G i (107 1 4 PSP C-10
Figure C-3: Standard Deviation of a Velocity Measurement Based on FFT Processing of 128

Pulses. The Weather Spectral Width =3 m/s. ....cccooiiiininiiiniiec C-10

Figure C-4: Standard Deviation of 1000 Meter Averaged F-Factor (or FBAR) Using FFT
Processing of 128 Samples. No Averaging Over Adjacent Azimuth Lines Is Used.

Figure C-5: Sketch Indicating the Technique for Calculation of Detection and Nuisance Alert
Probability: Must-Alert F-Factor = 0.13 And Must-Not-Alert F-Factor = 0.085. ........ C-11
Figure C-6: The Probability of a Missed Detection of a 0.13 Averaged Hazard Plotted versus Range.

...................................................................................................................................... C-12
Figure C-7: The Probability of a Nuisance Detection of a 0.085 Averaged Hazard Plotted versus

RANEGE. ettt et e e nteesnee e C-12
Figure C-8: Detection and Nuisance Alert Probability Plotted versus The Single Pulse Signal-To-

NOISE RALIO. .ottt ettt sttt et s nbe C-13
Figure C-9: Ratio of Detection to Nuisance Alert Probability Plotted versus Single Pulse Signal-

TO-NOISE RAIO.....ciiiiiiiciiciecee et C-13
Figure C-10: Ratio Plot Similar to Figure C-9, Except That the Post-Processed Signal-To-Noise

Ratio Is Used as The Ordinate. Use A Signal-To-Noise Ratio Threshold of

Approximately 7.5 dB To Maintain the Ratio of One Nuisance Alert Per 10 True

N 1<) TP SRR C-14
Figure C-11: Cumulative Probability of Missed and Nuisance Detection For -5 dBZ Weather

Reflectivity and an SNR Threshold Of -3 dB........ccccceviiiiiiiieieeeceeeeee C-14
Figure C-12: Cumulative Probability of Missed and Nuisance Detection For 0 dBZ Weather

Reflectivity and an SNR Threshold Of -3 dB.........coociiiiiiiiiieeeeee C-15
Figure C-13: Cumulative Probability of Missed and Nuisance Detection For +5 dBZ Weather

Reflectivity and an SNR Threshold Of -3 dB........cccccvviiiiiiiiieieececeeeeee e C-15

Figure C-14: Probability of a Missed Detection of a .13 Hazard for the NASA System Using a
Hazard Area Threshold Of 0.2 Sq. Km. and Requiring Two Consecutive Scans
Prior To Declaring an ALCTL. ..........cccvervirerieriieriierieseeeeeeteesteeseeseessaesssessseesseesseesseens C-16
Figure C-15: Probability of a Nuisance Detection of a 0.085 Hazard for the NASA System Using
a Hazard Area Threshold Of 0.2 Sq. Km. and Requiring Two Consecutive Scans

Prior To Declaring an ALCTt. .......cccveeeeviiiiiieie ettt re e e beesaeee e C-16
Figure C-16: Cumulative Probability of a Missed and Nuisance Detection for the NASA System

with an SNR Threshold Of -3 dB and a Weather Reflectivity of -5 dBZ..................... C-17
Figure C-17: Cumulative Probability of a Missed and Nuisance Detection for the NASA System

with an SNR Threshold of -3 dB and a Weather Reflectivity of 0 dBZ. ...................... C-17
Figure C-18: Cumulative Probability of a Missed and Nuisance Detection for the NASA System

with an SNR Threshold of -3 dB and a Weather Reflectivity of +5 dBZ..................... C-18
Figure D-1: Ice Crystal Detection System Simulation Methodology ..........ccoccvevvivivieiiienierierieeieeieene, D-2

Figure D-2: Scenario 1: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The black
arrow denotes the aircraft flight path and the black ‘X’ indicates the target location.

Figure D-3: Scenario 1: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location.............cccceeueneee. D-9

viii



Figure D-4: Scenario 1: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatION. .......c.cccvirieiiieiie et s D-10
Figure D-5: Scenario 1: IWC at the aircraft altitude with a three nautical mile averaging filter
applied in the direction of the aircraft flight track binned according to indication
criteria thresholds. The black arrow denotes the aircraft flight path and the black
‘X’ indicates the target IOCAtION. ........cueecvieiieiierierie ettt see e be e eaeseneennes D-10
Figure D-6: Scenario 1: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three nautical mile
averaging filter applied in the direction of the air flight track binned according to
indication criteria. The black arrow denotes the aircraft altitude and flight direction

and the black ‘X’ indicates the target 10cation. ..........ccccueeevieeciiieciie e D-11
Figure D-7: Scenario 1: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-12

Figure D-8: Scenario 2: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The black
arrow denotes the aircraft flight path and the black ‘X’ indicates the target location.

Figure D-9: Scenario 2: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location.......................... D-14
Figure D-10: Scenario 2: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........coceeiiiiiiiiiiee e e D-15
Figure D-11: Scenario 2: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatION. .......cceevcvieiiiieiiie ettt e e D-15
Figure D-12: Scenario 2: The vertical cross sections of a) simulated reflectivity, b) IWC, c¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target l0Cation. ...........cceeverierieeiiieiiereecee e D-16
Figure D-13: Scenario 2: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-17

Figure D-14: Scenario 3: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

LJOCALION. ...ttt ettt ettt st bttt et D-19
Figure D-15: Scenario 3: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location. ..............ccccn..... D-19

Figure D-16: Scenario 3: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........cceeviiiiiriiiieie et D-20
Figure D-17: Scenario 3: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........ccceevieiiiiii et D-20
Figure D-18: Scenario 3: The vertical cross sections of a) simulated reflectivity, b) IWC, c) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target I0CatioN. ........cccvvieriierciieeciieciee e D-21
Figure D-19: Scenario 3: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-22

X



Figure D-20: Scenario 4: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

JOCALION. ...ttt ettt st e b et et bttt ene e e D-24
Figure D-21: Scenario 4: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location.......................... D-24

Figure D-22: Scenario 4: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CaAtiON. .........cocueiiriiiiiniiieiee et s D-25
Figure D-23: Scenario 4: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10Cation. .........ccoceeiiiiiiiiiei e D-25
Figure D-24: Scenario 4: The vertical cross sections of a) simulated reflectivity, b) IWC, c¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target 10CatioN. .........cceeveeriieriieiieiie e D-26
Figure D-25: Scenario 4: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-27

Figure D-26: Scenario 5: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

JOCALION. ...ttt ettt sttt sttt st ettt D-29
Figure D-27: Scenario 5: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location. ............c.cc.c....... D-29

Figure D-28: Scenario 5: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatION. .........cccceevieiiiriiir et D-30
Figure D-29: Scenario 5: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........cccieviiiiiiciieie et D-30
Figure D-30: Scenario 5: The vertical cross sections of a) simulated reflectivity, b) IWC, c) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target I0Cation. ........ccceeevvieriiieeiieciee e D-31
Figure D-31: Scenario 5: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-32

Figure D-32: Scenario 6: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

JOCALION. ¢..e ettt ettt st b e st be ettt et nas D-34
Figure D-33: Scenario 6: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location..............ccccceuee. D-34

Figure D-34: Scenario 6: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........coceiiiiiiiiiiee et D-35
Figure D-35: Scenario 6: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatION. .......cceevcvieeiiiiiiie et et D-35
Figure D-36: : Scenario 6: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication

X



criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target I0CatioN. ........cccveeviierciieeeiieeciee et e D-36
Figure D-37: Scenario 6: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-37

Figure D-38: Scenario 7: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

(oo 15 (o) HO OSSOSO D-39
Figure D-39: Scenario 7: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location..............cccceueee. D-39

Figure D-40: Scenario 7: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10Cation. .........ccoceeiiiiiiiiiei e D-40
Figure D-41: Scenario 7: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatIoN. .......cceevcvieeiiieiiiecie e e ae e D-40
Figure D-42: Scenario 7: The vertical cross sections of a) simulated reflectivity, b) IWC, c) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target loCation. ...........cecverieriiriieiieeesee e D-41
Figure D-43: Scenario 7: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-42

Figure D-44: Scenario 8: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

(oo 1503 s FO OO OO UOT PR UPRUPRRR D-44
Figure D-45: Scenario 8: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location..............cc..c....... D-44

Figure D-46: Scenario 8: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........cccieviiiiiiciieie et D-45
Figure D-47: Scenario 8: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........ccceeviiiiiriciieie et D-45
Figure D-48: Scenario 8: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target I0CatioN. ........ccceieviierciieeiiiecee e D-46
Figure D-49: Scenario 8: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-47

Figure D-50: Scenario 9: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

JOCALION. ...ttt ettt ettt st b e sttt ettt et et e D-49
Figure D-51: Scenario 9: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow denotes
the aircraft flight path and the black ‘X’ indicates the target location.......................... D-49

Figure D-52: Scenario 9: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatION. .......cceevcvieeiiiiiiie et et D-50
Figure D-53: Scenario 9: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatION. .......c.ccvveiieiieiie et seae e e enns D-50
Xi



Figure D-54: Scenario 9: The vertical cross sections of a) simulated reflectivity, b) IWC, c) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target 10Cation. .........ccccveeeiiiiiiieerii e

Figure D-55: Scenario 9: IWC and three-NMI-averaged IWC along the flight track at the aircraft

altitude. The dashed black line and black ‘X’ indicate the target location. ................

Figure D-56: Scenario 10: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

LOCATION. ...eeeeeee ettt ettt e e e e s e e e e e e e eeesee e aaaeereeeseseasaaateeeeeseseeeaaaeees

Figure D-57: Scenario 10: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow

denotes the aircraft flight path and the black ‘X’ indicates the target location...........

Figure D-58: Scenario 10: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’

indicates the target 10Cation. .........cocciiiiiiiiiiiieee e

Figure D-59: Scenario 10: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’

indicates the target 10CatioN. ........cceevcviiiciieiiieeie et s

Figure D-60: Scenario 10: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target 10CatIoN. .......cccevcvirciieriierieree e

Figure D-61: Scenario 10: IWC and three-NMI-averaged IWC along the flight track at the aircraft

altitude. The dashed black line and black ‘X’ indicate the target location. ................

Figure D-62: Scenario 11: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

O CAEION. ...ttt st s s nnnnnnnnnnnnnnnnnn

Figure D-63: Scenario 11: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow

denotes the aircraft flight path and the black ‘X’ indicates the target location...........

Figure D-64: Scenario 11: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’

indicates the target 10CatioN. ........cccccueeciieriierierie e

Figure D-65: Scenario 11: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’

indicates the target l0CatioN. .........coceiirieriiiiiereee e

Figure D-66: Scenario 11: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target 10Cation. .........cccveeviiiiiiieiiie e

Figure D-67: Scenario 11: IWC and three-NMI-averaged IWC along the flight track at the aircraft

altitude. The dashed black line and black ‘X’ indicate the target location. ................

Figure D-68: Scenario 12: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

(o 15 (o) 1 FER OO RRRRR

Figure D-69: Scenario 12: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow

denotes the aircraft flight path and the black ‘X’ indicates the target location...........

Figure D-70: Scenario 12: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’

indicates the target 10CatION. .......cceevcviiiiiieiiiecie et e

xii

..D-51

..D-52

..D-55

..D-55

..D-56

..D-57

..D-60

..D-60

..D-61

..D-62

..D-65



Figure D-71: Scenario 12: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........ceoiiiiiiiiiiiee et D-65
Figure D-72: Scenario 12: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target I0Cation. ........cccveeviierciieeciiecee e e D-66
Figure D-73: Scenario 12: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-67

Figure D-74: Scenario 13: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

oo 1501+ FO TR D-69
Figure D-75: Scenario 13: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow
denotes the aircraft flight path and the black ‘X’ indicates the target location............. D-69

Figure D-76: Scenario 13: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatIoN. .......cceevcviieiiieiiieeie e D-70
Figure D-77: Scenario 13: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatIoN. .......cc.eevcvieeiiieiiie et e D-70
Figure D-78: Scenario 13: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target loCation. .........c..ceceererieiienenienenieeneeeeee e D-71
Figure D-79: Scenario 13: IWC and three-NMI-averaged IWC along the flight track at the aircraft
altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-72

Figure D-80: Scenario 14: Simulated reflectivity (i.e., RRF variable) at the aircraft altitude. The
black arrow denotes the aircraft flight path and the black ‘X’ indicates the target

(oo 15 T03 s FO OO OO U TP PP D-74
Figure D-81: Scenario 14: IWC (i.e., PRCP variable) at the aircraft altitude. The black arrow
denotes the aircraft flight path and the black ‘X’ indicates the target location............. D-74

Figure D-82: Scenario 14: IWC at the aircraft altitude binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........ccievieiiiriiiiee e e D-75
Figure D-83: Scenario 14: IWC at the aircraft altitude with a three-NMI averaging filter applied in
the direction of the aircraft flight track binned according to indication criteria
thresholds. The black arrow denotes the aircraft flight path and the black ‘X’
indicates the target 10CatioN. .........ccceiiiiiiiiiiee e e D-75
Figure D-84: Scenario 14: The vertical cross sections of a) simulated reflectivity, b) IWC, ¢) IWC
binned according to indication criteria, and d) IWC with a three-NMI averaging
filter applied in the direction of the air flight track binned according to indication
criteria. The black arrow denotes the aircraft altitude and flight direction and the

black ‘X’ indicates the target loCation. ..........ccecververciinciieriierie e D-76
Figure D-85: Scenario 14: IWC and three-NMI-averaged IWC along the flight track at the aircraft

altitude. The dashed black line and black ‘X’ indicate the target location. .................. D-77
Figure E-1: Target PulSE VOIUIME .........coociiiiiiiiiie ettt ettt et et tre e v e e et eenbaesnneeenes E-4

xiii



This Page Intentionally Left Blank



1.1

DO-220B

PURPOSE AND SCOPE

Introduction

This document contains Minimum Operational Performance Standards for Airborne Radar
Systems that may include any combination of the following functions: weather detection,
ground mapping, forward-looking windshear detection, forward-looking turbulence
detection, atmospheric threat awareness capability, or high-altitude ice crystal detection.

These standards specify system characteristics that should be useful to designers,
manufacturers, installers, and users of the equipment. The requirements defined in
Subsection 2.1 and Paragraphs 2.2.1, 0, 2.2.5, and 0 of this MOPS are applicable to both
rotorcraft and fixed-wing aircraft. Paragraph 2.2.5 can be used to address the indication of
turbulent conditions or microburst events ahead of the aircraft for rotorcraft. This document
does not directly define the MOPS for forward-looking windshear or turbulence detection
capability for rotorcraft.

Compliance with these standards is one means of assuring that the equipment will perform
its intended function(s) satisfactorily under all conditions normally encountered in routine
aeronautical operation. Any regulatory application of this document is the sole
responsibility of appropriate governmental agencies.

Section 1 of this document provides information needed to understand the rationale for
equipment characteristics and requirements stated in the remaining sections. It describes
typical equipment operations and operational goals, as envisioned by the members of
Special Committee 230, and establishes the basis for the standards stated in Sections 2 and
3. This section also contains definitions and assumptions essential to proper understanding
of this document.

Section 2 contains the Minimum Performance Standards for the equipment. These
standards specify the required performance under standard environmental conditions. Also
included are recommended test procedures necessary to demonstrate equipment
compliance with the stated minimum requirements.

Section 3 describes the performance required of installed equipment. Tests for the installed
equipment are included when performance cannot be adequately determined otherwise.

Section 4 describes the operational performance characteristics for equipment installations
and defines conditions that will assure the equipment user that the expected operational
environment will allow safe and reliable operation of the equipment.

Appendix A, a normative appendix, describes the windshear database developed for the
certification testing of airborne forward-looking windshear detection systems, and defines
the test scenarios used for this testing. It also includes considerations associated with the
use of the windshear test set-up

Appendix B, an informative appendix, includes plots associated with the windshear data
sets.

Appendix C, a normative appendix, describes the analytical technique for evaluation of
windshear missed events and nuisance alerts.

Appendix D, a normative appendix, describes the atmospheric database developed for the
certification testing of airborne forward-looking ice crystal detection systems, and defines
the test scenarios used for this testing.

Appendix E, an informative appendix, contains historical information and derivations that
may be useful to the radar designer.
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