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PURPOSE:_ _ 
THE PURPOSE OF THIS PROGRAM IS TO GRAPH THE IMPULSE AND 

:R~ftP ~ESPONSES OF THE B£HDIX ALPHA-BETA TRACKING FILTER. 
:THE PJ\(IE;~AM SIMULATES THE OPEP.ATlON OF THE E:£NDI>: ALPHA-BETA 
:flLTEILE:Y llSlNG __ lt-4(_ FOLL(IWJNG_ SEJ _(IF DIFtERENCE EQUATI CtUS: 

XB:=XPKi:A*(XK-:-XPKt ____ _ 
XDKB=XDKBt+CB/Tl%<XK-XPK> 
XPKl=XBK+T*CXPt:~It> __ --,~-----·-

WHERE _ ________ _ _________ ___ ___ _ _ _ _ .. _____ _ 
1= SAMPLING INTERVAL 
A= ALPHA__ _ _ __________________________________ _ 
13= BETA 
1~:= KTH MEASUREMENT OF POSI TIOH 
IB~= SM~OTHED ESTIMATE OF POSITION AT THE KTH TlKE INDEX 
I[~~=-SMOOTHED YELQCilY_AT_1HE ~TH TIME INDEX 
liKB1= SMOOTHED VELOCITY AT THE K-1 TIME INDEX 
If'f:.:= f'P.ElilC_TEI~ _ _VALVE ___ Of __ f'OSITlON AT_ THE KTH _TlME INDEX 
XP~l= PREDICTED YALUE OF POSITION AT THE K+l TIME INDEX 

THE INPUT TO THE FILTER lS APPLIED TO XK. OUTPUTS ARE 
DBTAINi::r __ FF:iiK __ XPK L _X~~ L A.tlO __ Xr•_t::B. _____ THESE_O_UTPUTS __ 1\R~ _ f"LOTTED 
~GAINST TIME FOR 4& INTERVALS. 

l(.t_ OE'TAltt. AtL l M~VL.SLF:ESPONSE J_ ILPUL,SE OF_ AKPL l TUI:'E . 1/T _ 
AND WJ[TH T JS APPLJED TO THE INPUT AT THE FlRST SAMPllNG. 

tH£ Rf\MP RESP(IHSE lSV.OElTAl~ED ~y FE~DlHG THE flL TEA AN INPUT 
fif 1ER(I AT THE FJR~T SA~PLING. THE JNPUT LEVEL lS THEt~ RAISED 
I::Y THE \'ALUE_OL_T _EAOLSAMPll HG_ FOR _l $ PER 1 ODS. THE ltlPUT l S 
IS THE~ HELI AT ZERO FOR THE P.EMAINIHG SAMPLES. 

0f'£RA T l ON: 
"(!• (if'ERATE_.TtU~_f'f<O(:;R(\f'l_1tifLFO .. l.OWING_ STEPS _MUST BE 

f'£RFO:Rt1ED. 

l. PUSH CNSL JNT ON THE COMPUTER PANEL 
___ -----------~I.HE...COMPUTER_WlLL_IHEN READ. _______________________________ _ 

~~%CONSOLE INTERRUPT 
- . ·---·--- ·- _lit"!'S _(:(.': ___________ _ 

_ ______ 2 .. __ 1YPE__SIMPr<t~n:· ________________________________________ _ 
THIS WILL STAP.T THE PROGRAM 

- -- __________ JHE_fDLlOWING __ NlLL.IHEN_ APPEAR ON THE __ SCREEN 
ENTER VALUES FOR ALPHAt9£TAtAND T 

' -v· _,_.._._.,...._._..- _.._..__ ~_. .,,._, ._. -;.-•~ ... -..-•,-. .. ~ ., ' ·"-- - ,. __ ._.,. • • 

3. ENTER THE DESlRED YALU£5, EACH SEPERAT~D BV A COMMA 
_________ luJiL'LtCRL -- ---------------- ·---- ------- -· ------- ------

·THE- pJ<OSF:MLWlLLiliEN__f'R(I[IlJCE __ A__fiRAf'H_ON_ THE _TEKTRONIX 4EtHt ____ _ 
:TERMI~AL. THE COMPUTER WILL PRINT TYPE CCR) TO CONTINUE • 
. WHEN. It (:1\f~RAC"E __ REJl'P.~ •. JS. __ t'~PRI;.SSED . f:'. .NEW, __ ~RAPH WILL APPEAR. 
TH£R£ AR£ A TOTAL OF SIX GRAPHS, ONE WILl APPEAR AFTER EACH <CR>. 
AFTER THE. LASl_CARR,.,GE._RE_lVRtLlHE ___ ScCP.EEN_IU_LL B£ ERASEr• AND 
:THE C(!MP\.'TER WJLL EXJT THE PROGRAM. 



-------------------- ----- ----·---------··------ ·-·----------

__ 1. . .1 MPVLSE. __ F\E.SP<mSE. t_SI'IOOTHE D _ .P.OS I.l l ON 

2 ... ___ 1MPULSE. .. RESPC!NSEL..S.1400IHE1.\_YELOCIJY ______ . 

.. ___ 5,.__ ____ RAKE'-RESPC!.MSE..L-5.140CHHED. __ .\'ELOCliY ___________ ····-··---~------

- _____ 6 •L-... RAMf __ RESF_CtNSE..!____EREILtClE_IL~OSlll_ON.______ __ ___ _ __________ _ .. 

SELEC"tlOM Of __ ALfl'HfL.f'.ND_f.!f::J~t-~-~--~·····-·- ............. ···--- .. 
lHE SELECTED YALUES OF ALPHA AND BETA ARE LISTED 

OM AM- ENCLOSED __ L.ET_TEfLFRtttl __ ~£NDl_X_,._ _ _E_OR J40RE_ l NFORMAJ 101. _ 
ABOUT THE METHODS USED TO CALCULATE ALPHA AND BETA 
,OME-- MA.'l .... R£EER ___ T0._1H[___f!£.N[!_l_LlE.CtUU_CAL._NOIE _ t:t.D-_J tl-:- 81 ::_{133 • ... 
FB-4b7-~12 JUNE 1981t ALPHA-BETA TRACKING ERRORS FOR 
O.RBl 'llNE' ".TARC->ETS"---,.··- ·-------.. ------- --·-··"- .... 

__ ENIL __ _ ___ _ 

---·------ ----- - -· 

.. ·-- ----·---------

~---. ----------------------

... ··- ·------------------------

------------------------------------ ----------- -- -

-------------

-------------- ·---- ______ .. , ... .,. ·- ......... . 

·------ ----------------------- ----- --
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Date March 24, 19 82 L.atter No. Baltimore. Maryland 

To Tom Potthast 

From A. I. Sinsky 

Subject Expected Smoothing of Alpha-Beta Filter in TCAS Simulation 

The following table lists the expected standard deviation 
reduction ratios for the optimum alpha-beta values 
selected by Steve Guarino. The smoothed position and 
velocity values are listed. 

Updat!! Rai:e 
~ (s~f0 

1 
2 
3 
4 
s 
6 
7 
8 

Alpha 

.250 

.370 

.46S 

.S30 
-:sao 
.620 
.64S 
.66S 

Beta 

.066 

.l7S 
• 300 
.431 
.S6S 
.68S 
.ass 
.910 

crxJcrx 

• 491 
.613 
.690 
.74S 
.788 
• 820 
.861 
.872 

a if ax 

.101 

.116 

.l2S 

.132 

.139 

.142 

.lSS 

.149 

Example: If angle measurement standard deviation is 1°, 
then for update rate of three seconds, the 
standard deviation in smoothed angle is 
0.69 x 1° = .69°. The standard deviation in 
angle rate is 0.125 x 1° = .12S 0 /sec. 

Reference: -page 4 of TN, FB-467-012 

/kgm 

cc: T. L. Gabriele 
s. Guarino 
A. J. Spuria 
J. E. Reed 
D. C. Hecht 

------- -·--·-· --------------------------------------- ·-· ·-
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.66 BETA= 0.91 T= 8.00 SECONDS SFV=10.00 
PREDICTED POSITION XP(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

.. 
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IMPULSE RESPOHSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.66 BETA= 0.91 T= 8.0 SECONDS SFY= 0.10 
PP£DICTED POSITION XP<K> 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

A 
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.66 BETA= 0.91 T= 8.00 SECONDS SFY=10.00 
St100THEO UELOC I TY XO< KB ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

.,. 

.. 
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.66 BETA• 0.91 T• 8.00 SECONDS SFV-10.81 
SMOOTHED POSITION X<K) 
PROCESSED BY FAA TECttUo:t.. CENTER ACT-leeJ 

.. '.,. 

.. 

. .. 
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.66 BETA= 0.91 T= 8.0 SECONDS SFY= 0.10 
SMOOTHED POSITION X(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

.. ..: •. • • .. ~ 4- ... 



IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.66 BETA= 0.91 T= 8.0 SECONDS SFY= 0.10 
SMOOTHED UELOCITY XD<KB) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

" 
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.64 BETA= 0.85 T= 7.00 SECONDS SFY=10.00 
St100THED POSIT I ON X< K ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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F.~t1P RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.64 BETA= 0.85 T= 7.00 SECONDS SFY=10.00 
PREDICTED POSITION XP<K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAi1P RESPONSE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.64 BETA= 0.85 T= 7.00 SECONDS SFY=10.00 
SMOOTHED VELOCITY XO<KB) 
PROCESSED 8'( FAA TECHNICAL CENTER ACT-100J 

.. 
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Ir1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.64 BETA= 0.85 T= 7.0 SECONDS SFY= 0.10 
PREDICTED POSITION XP<K> 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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IMPULSE RESPOt1SE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0. 64 BETA= 0. 85 T= 7 .. 0 SECONDS SFY= 0. 10 
St100THED VELOCITY XD< KB ) 
PROCESSED 8'( FAA TECHNICAL CENTER ACT -1 00J 
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It1PULSE RESPONSE OF THE BENDIX ALPHA-SETA FILTER 
ALPHA= 0.64 BETA= 0.85 T• 7.0 SECONDS SFV- 8.18 
Sr100THED POS ITI OH X< K) 
PROCESSED BV FAA TECHNICAL CENTER ACT-188J 
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RAt1P RESPONSE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.62 BETA= 0.68 T= 6.00 SECONDS SFY=10.00 
SMOOTHED POSITION X<K> 
PROCESSED 8'( FAA TECHNICAL CENTER ACT -1 00 .... 1 
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F~At1P RESPONSE OF THE BEtlliX ALPHA-BETA FILTER 
ALPHA= a. 62 BETA= 0. 68 T• 6. 00 SECONDS SFY-10. 80 
PREDICTED POSITION XP(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAt1P RESPO~~SE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.62 BETA= 0.68 T= 6.00 SECONDS SFY=10.00 
St100THED VELOCITY XD< KB ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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It1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0. 62 BETA= 0. 68 T= 6. 0 SECONDS SF~'= 0. 10 
PREDICTED POSITION XP< K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

~ 



It·lPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.62 BETA= 0.68 T= 6.0 SECONDS SFY= 0.10 
St100THEO VELOCITY XD< KB ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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Ir1PULSE RESPO~~SE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.62 BETA= 0.68 T= 6.0 SECONDS SFY= 0.10 
St100THED POSIT I ON X< K ) 
PROCESSED 8'( FAA TECHNICAL CENTER ACT-100J 



.. I • I I I I I I I I ~-TI -r-r , I I I I I I I I I I I I I I I I I I I I I I 4 

0 
0 0 

RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.58 BETA= 0.56 T= 5.00 SECONDS SFY=10.00 
PREDICTED POSITION XP<K> 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAI"1P RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.58 BETA= 0.56 T= 5.00 SECONDS SFY=10.00 
St100THED POSIT I ON X< K ) 
PROCESSED 8'( FAA TECHNICAL CENTER ACT-100J 
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F.:Ht·lF' RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
~~PHA: 0.58 BETA= 0.56 T= 5.00 SECONDS SFY•10.00 
PREDICTED POSITION XP(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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It1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.58 BETA= 0.56 T• 3.0 SECONDS SFV• 0.10 
PREDICTED POSITION XP<K) 
PROCESSED BY FAA TECHHic.:L CENTER ACT-100J 
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.58 BETA= 0.56 T= 5.0 SECONDS SFY= 0.10 
SMOOTHED VELOCITY XD<KB) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.58 BETA= 0.56 T= 5.0 SECONDS SFY= 0.10 
SMOOTHED POSITION X(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

.. 



• • ••• 
• 

• • • 

RAMP RESPONSE OF THE BEtlliX ALPHA-BETA FILTER 
ALPHA= 0. 53 BETA- 0. 43 T• 4. 00 SECONDS SFV-18. ee 
SMOOTHED POSITION )(( K) 
PROCESSED BY FAA l'ECHiiCAL CENTER ACT-leeJ 
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R~MP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.53 BETA= 0.43 T= 4.e0 SECONDS SFY=10.00 
PREDICTED POSITION XP(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAt1P RESPOHSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.53 BETA= 0.43 T= 4.00 SECONDS SFY=10.00 
SMOOTHED VELOCITY XD<KB) 
PROCESSED 8'( FAA TECHNICAL CENTER ACT -100J 

.. 
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It1PULSE ~:ESP0~4SE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.53 BETA= 0.43 T= 4.0 SECONDS SFY= 0.10 
PREDICTED POSITION XP(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

.. 
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It1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.53 BETA= 0.43 T= 4.0 SECONDS SFY= 0.10 
SMOOTHED UELOCITY XD<KB) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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It1PULSE RESPOHSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.53 BETA= 0.43 T= 4.0 SECONDS SFY= 0.10 
St100THED POSIT I OH X< K ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAMP RESPONSE OF THE BENDIX ALPHA-BET~ FILTER 
ALPHA= 0.46 BETA= 0.30 T= 3.00 SECONDS SFY=10.00 
St·lOOTHED POSIT I ON X< K ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.46 BETA= 0.30 T= 3.00 SECONDS SFY=10.00 
PREDICTED POSITION XP<K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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RAMP RESPONSE OF Tt£ BENDIX ALPHA-BETA FILTER 
ALPHA= 0. 46 BETA- 0. 30 T• 3. 00 SECONDS SFY-10. 00 
SMOOTHED VELOCITY XD< KB) 
PROCESSED BV FAA TECI+IICAL. CENTER ACT-100J 
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I r1PULSE RESPO~~SE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.46 BETA= 0.30 T= 3.0 SECONDS SFY= 0.10 
PREDICTED POSITION XP<K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

·-
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It1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.46 BETA= 0.30 T= 3.0 SECONDS SFY= 0.10 
St100THED UELOC I TY XD< KB ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-lOOJ 

• 
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Ir1PULSE P..ESPO~~SE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.46 BETA= 0.30 T= . 3.0 SECONDS SFY= 0.10 
SMOOTHED POSITION X<K> 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

• 



Fi I I I I I. I I I....-,-.,.-, IiI I I I I I I I I I I I I I I I I I I I I I •• 

• 

• 

• 
• • •• 

• ••• 
• • 

RAt1P RESPONSE OF Tt£ Balli X ~ETA FILTER 
ALPHA= e. -:g BETA- 0. 17 T• 2. 00 SECONDS SFY-10. 88 
St100THED POSITION )(( K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

• 
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.37 BETA= 0.17 T= 2.00 SECONDS SFY=10.00 
PREDICTED POSITION XP<K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

... 



1 1 1 1 , 1 • r~--.-.- r,-,. · -1 -r~--, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1 1 1 1 1 , 1 ; 

• 
• 

• 

• 
• 

• • • • 
• 

• • • 
• 

RAt1P RESPONSE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.37 BETA= 0.17 T= 2.00 SECONDS SFY=10.00 
St·100THED UELOC I TY XO< KB ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

• 
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It1PULSE RESPOHSE OF Tl£ BENDIX ALPHA-BETA FILTER 
ALPHA= 0. 37 BET Am 0. 17 T• 2. 0 SECONDS SFv- 0. 19 
PP£DICTED POSITION XP<K> 
PROCESSED BY FAA TEa+IICAL. carrER ACT-108J 

• 
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H1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0. 37 BETA= 0. 17 T• 2. 0 SECONDS SFY• 0. 10 
St100THED VELOC I TV XD< KB) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

• 
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It1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.37 BETA= 0.17 T= 2.0 SECONDS SFY= 0.10 
St·lOOTHEO POSIT I ON X< K ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

.. 



1-,-11-TI I I I I I I 

• 
• 
• 
• 

• 
• • ••• ••••••• 

RA~1P RESPONSE OF 11£ BENDIX ALPHA-SETA FILTER 
ALPHA= 0. 25 BETA- 0. 06 T• 1 . 00 SECONDS SFY- 1 . 18 
S~100THED POSITION )(( K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-108J 

... 

• 
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.25 BETA= 0.06 T= 1.00 SECONDS SFY= 1.00 
PREDICTED POSITION XP<K> 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 

~. 
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RAI'1P RESPO~~SE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.25 BETA= 0.06 T= 1.00 SECONDS SFY• 1.00 
St'lOOTHED UELOCITY XD<KB) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.25 BETA= 0.06 T• 1.0 SECONDS SFV• 0.19 
PREDICTED POSITION XP(K) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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Ir1PULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER 
ALPHA= 0.25 BETA= 0.06 T= 1.0 SECONDS SFY= 0.10 
St·100THED VELOCITY XD< KB ) 
PROCESSED BY FAA TECHNICAL CENTER ACT-100J 
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I r1PULSE RESPOt-~SE OF THE BEND I X ALPHA-BETA FILTER 
ALPHA= 0.25 BETA= 0.06 T= 1.0 SECONDS SFY= 0.10 
St100THED POSIT I ON X< K ) 
PROCESSED 8'( FAA TECHNICAL CENTER ACT-100J 
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