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PURPGOSE: .

THE PURFOSE OF THIS FROGRAM 1S TO GRAPH THE IMPULSE AND

RAMP RESFONSES OF THE BEHDIX ALPHA-BETA TRACKING FILTER.
THE PRUGRAM SIMULATES THE OPERATION OF THE EENDIX ALPHA-BETA
FILTER _BEY USING _THE_ FOLLOWING SET _OF DIFFERENCE EQUATIOUS:

L XB¥=XPK+AXCXK-XPK)
IDEE=XDKRI+ (R/T) X (XK~ XPK)
XFE1=XBK+TX(XDKB) . ..

NHERE S PO S

T= SAMPLING INTERVAL

A= ALPMA_

B= BETA

Xt= KTH MEASUREMENT OF POSITION

xBi= SHUDTHED ESTIKATE OF FOSITION AT THE KTH TIME INDE

XL3E= SHOOTHED VELOGCITY AT THE KTH TIME INDEX

XI[XEl= SMGOTHED VELOCITY AT THE K-1 TIME INDEX

1PK= PRELICTED VALUE OF POSITION AT THE KTH TIME INDEX

XxPK1= PREDICYED VALUE OF POSITION AT THE K+31 TIME INDEX

THE INPUT TO THE FILTER 15 APPLIED TO XK. QUTPUTS ARE
ORTAINED FRUK_XPKs XEX, AND XDKE. THESE OUTPUTS ARE FLOTTED
AGAINST TIME FOR A6 INTERVALS.

TL CETAIN AN_IMEULSE BESFONSEs A_FULSE OF AHPLITUDE 1/T

Aﬂn WI1LTH T 1S APPLIED TO THE INPUT AT THE FIRST SAMPLING.

THE RAMP RESPUNSE 1S ORTAINED EY FEEDING THE FILTER AN INPUT

X

¥ ZER(L AT THE FIRST SAMPLING. THE INPUT LEVEL )5 THEN RAISED
EY THE VALUE OF_T EACH_SAMPLING FOR 1@ PERIOCDS.,  THE 1HPUT 1S

1S THEN HELL AT 2ERD FOR THE REMAINIMNG SAMPLES.

OFERATION: N o
10 GPERATE. TH1S PROGRAM_THE FOLLONING STEPS MUST BE
PERFORKED.

1. PUSH CNSL INT ON THE COMPUTER PANEL
e THE_COMPUTER_HWILL THEN READ . . S
$TXCONSOLE INTERRUPY
o e DEDS CC__ e e e e
e 2o IYPE SIMPRWE_

THIS WNILL START THE PROGRAM

e THRE FOLLOWNING WILL THEN APPEAR ON _THE SCREEN
ENTER VALUES FOR ALPHAYBETASAND T

" 2. "ENTER THE DESIRED VALUES: EACH SEPERATED BY A COKMA

e AsBrTC(CR) - e

THE. PROGFRAM _RILL _THEN FRODUCE A 6RAFH _ON THE TEKTRORIX A6lée

TERMINAL. THE COMPUTER WILL PRINT TYFE (CR) TO CONTINUE .
HHEN. A CARRAGE RETURM 1S PEFRESSED A NEW GRAFH WILL APPEAR.
THERE ARE A TOTAL OF SIX 6RAPHS. ONE WILL APFEAR AFTER EACH
AFTER THE LAST _CAREAGE RETURN_THE SCPEEN WILL EE ERASEDR AND
THE COMFUTER WILL EXIT THE PROGRAM.




. . THE_GRAPHS_NILL AFPFPEAR IN THE FOLLOWING ORDER:
.l IMPULSE._RESPONSE: SHOQTHED POSITION
2.  IMPULSE RESEUNSE: SHMQQTHED VELOCITY
. %._ 1WPULSE RESPOMSEs PREDICYED POSITION =
4.  RAME _RESPOUNSEL_SMOOTHED POSITION__
5. _ RANP_RESFONSE: SMOOTHED VELOCITY

ke RAWP_RESPUNSEs PREDICTED FOSITION

SELECTION OF _ALPHA_AND BETAs .
THE SELECTED VALUES OF ALPHA AND BETA ARE LISTED

UM AM ENCLOSEDR LETTER FROW BENDIX. FOR MORE INFORMATION = ===

ARQUT THE METHODS USED To CALCULATE ALFPHA AND BETA

OME_MAY_REFER _TO THE EENDIX TECHRNICAL NOTE BCD-TN-81-633, = =

FB-447-612 JUNE 1981 ALFHA-BRETA TRACKING ERRORS FOR
ORBITINE TARGETS..... S e e

. END._

[N P -




Date March 24, 1982  Letter No. " Baitmore. Marviend

To Tom Potthast

From A . I . s inS ky

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.

Update Rate Alpha Beta o;/ox 0;70x

(e
1 .250 .066 .491 .101
2 .370 .175 .613 .116
3 .465 .300 .690 . 125
4 .530 .431 .745 .132
S <580 .565 .788 .139
6 .620 .685 .820 .142
7 .645 .855 .861 .158
8 .665 .910 .872 .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° = .125°%/sec.

Reference: ©Page 4 of TN, FB-467-012

res
el AN
A. I. Sinsky

/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= B.66 BETA= 0.91 T= 8.80 SECONDS SFY=10.00
PREDICTED POSITION XP(K)

PROCESSED BY FAAR TECHNICAL CENTER ACT-1060J
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IMPULSE RESPOWSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B8.66 BETA= 8.91 T= 8.0 SECONDS SFY= 0.10
PREDICTED POSITION XPC(K)D

PROCESSED BY FAA TECHNICAL CENTER  ACT-100J




e v vvryvvyuery vy uvieyayrviyrnryyryrrrieueyyey vy oy

® o
° L 20 A0 GO G G S0 Sh G0 S G A G G AN SN A0 S0 S GR SN SN o |
- -
®* e
‘..1
—d d
" o

| S . | . W | /] A1 j S - L1 Al A A | N W S W | | S T 1 b At A b A b A 3% ) l:“

RAMP RPESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B.66 BETRA= 8.91 T= 8.80 SECONDS SFY=10.00
SMOOTHED VELOCITY XDC(KB)

PROCESSED BY FAR TECHNICAL CENTER ACT-100J
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RAMP RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHA= B8.66 BETA= 8.91 T= 8.60 SECONDS SFY=10.008
SMOOTHED POSITION X(K)

PROCESSED BY FAR TECHNICAL CENTER ACT-180J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= O.66 BETA= 0.91 T= 8.0 SECONDS SFY= 8.10

SHMOOTHED POSITION X(K)
PROCESSED BY FAA TECHNICAL CENTER ACT-100J
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IMPULSE RESPOMSE OF THE BENDIX ALPHA-BETAR FILTER
ALPHA= B.66 BETA= B8.91 T= 8.8 SECONDS SFY= 8.10

SHMOOTHED VELOCITY XDCKB)
PROCESSED BY FAA TECHNICAL CENTER ACT-180J
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RAMP RESPONSE_OF THE BENDIX ALPHA-BETA FILTER

ALPHA= @.64 BETA= 8.85 T= 7.008 SECONDS SFY=10.00

SMOOTHED POSITION XC(K?
PROCESSED BY FAA TECHMNICAL CENTER ACT-180J
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FAMP RESPONSE OF THE BENDIX RLPHA-BETR FILTER
ALPHA= A.64 BETA= @.85 T= 7.088 SECONDS SFY=18.00
PREDICTED POSITION XP<(K)

PROCESSED BY FAAR TECHNICAL CENTER  ARCT-180d
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RAMP RESPONSE OF THE BENDIX ALPHA-BETR FILTER

ALPHA= 8.64 BETR= B8.85 T= 7.088 SECONDS SFY=10.00
SMODTHED VELOCITY XDCKB?
PROCESSED BY FAA TECHNICAL CENTER  ACT-180J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B.864 BETA= B8.83 T= 7.0 SECONDS SFY= ©.10
PREDICTED POSITION XP(K)>

PROCESSED BY FRR TECHNICAL CENTER  RCT-100J




lllllllllll—l-1"l'“1‘—t_"1"1—1—1|1llllillllllllllll

- J
= -
| 4

- -
= L
- -

A& A & & 1} 1 N N S U U SE A A i i 1 _1 4 LA | T U W W W VN N U WS W U G S ,H

IMPULSE RESPOHSE OF THE BENDIX RLPHA-BETA FILTER
ALPHA= @.64 BETA= 8.85 T= 7.8 SECONDS SFY= 0.10
SMDOTHED VELOCITY XD(KB)>

PROCESSED BY FAA TECHNICAL CENTER ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B8.64 BETA= 9.85 T= 7.0 SECONDS SFyY= 0.10

SMOOTHED POSITION  XCK)D
PROCESSED BY FRA TECHNICAL CENTER ACT-180J
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RAMP RESPOMSE OF THE EENDIX ALPHAR-BETR FILTER
ALPHA= .62 BETA= B8.68 T= 6.00 SECONDS SFY=10.00
SMOOTHED POSITION X(K)J

PROCESSED BY FRA TECHNICARL CENTER  ARCT-1960J
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FAMP RESPONSE OF THE BENDIX ALPHA-BETAR FILTER
ALPHA= 9.62 BETA= 8.68 T= 6.00 SECONDS SFY=10.00
PREDICTED POSITION XP(K)

PROCESSED BY FRA TECHNICAL CENTER ACT-180J
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RAMP RESPOMSE OF THE BENDIX ALPHR-BETA FILTER
ALPHA= .62 BETA= 0.68 T= 6.08 SECONDS SFY=18.00
SMOOTHED VELOCITY XDCKB)

PROCESSED BY FAR TECHNICAL CENTER ACT-180J
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IMPULSE RESPOMSE OF THE BENDIX ALPHR-BETA FILTER
ALPHA= B.62 BETR= 8.68 T= 6.0 SECONDS SFY= 0.10
PREDICTED POSITION XPC(K)>

PROCESSED BY FAAR TECHNICAL CENTER ACT-100J
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IMPULSE RESPOMSE OF THE BENDIX ALPHA-BETAR FILTER
ALPHA= B.62 EBETR= B8.683 T= 6.0 SECONDS SFY= 8.10
SMOOTHED VELOCITY XD(KB?

PROCESSED BY FRA TECHNICAL CENTER  ACT-180J
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IMPULSE RESPOMSE OF THE BENDIX RLFHA-BETAR FILTER
ALPHA= B .52 BETR= B8.68 T= 6.8 SECONDS SFY= 8.10

SMOOTHED POSITION X(KD
PROCESSED BY FAA TECHNICAL CENTER ACT-100J
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RAMP RESPONSE OF THE BENDIX RLPHA-BETA FILTER
ALPHR= 8.583 BETA= B8.56 T= 5.00 SECONDS SFY=10.09
PREDICTED POSITION XP(K>

PROCESSED BY FAA TECHNICAL CENTER  RCT-1860J
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pAMP RPESPDONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= .53 BETR= 8.56 T= 5.88 SECONDS SFY=109.00
SMODTHED POSITION X(K?D

PROCESSED BY FRAR TECHNICAL CENTER  RCT-180J
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FAMF RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
HLPHA= .53 BETA= 0.556 T= 5.0608 SECONDS SFY=10.00
PREDICTED POSITION XPCK)

FROCESSED BY FAR TECHNICAL CENTER ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= 98.53 BETA= 8.56 T= 35.8 SECONDS SFy= 0.10
PREDICTED POSITION XP<(K)

PROCESSED BY FAA TECHNICAL CENTER ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHA= B8.58 BETR= 8.56 T= 5.8 SECONDS SFY= 0.180
SMOOTHED VELOCITY XOD(KB)> :
PROCESSED BY FRA TECHNICAL CENTER ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHA= B.53 BETR= 8.56 T= 5.8 SECUONDS SFY= 0.10
SMOOTHED POSITION X(K? '

PROCESSED BY FRA TECHNICAL CENTER ACT-100J
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= 0.53 BETA= 0.43 T= 4.68 SECONDS SFY=10.00
SMOOTHED POSITION X(K)

PROCESSED BY FARA TECHNICAL CENTER ACT-180J
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RAMP RESPONSE OF THE BENDIX ALPHA-BETR FILTER

ALPHA= B.53 BETA= 8.43 T= 4.00 SECONDS SFY=10.00
PREDICTED POSITION XP(K)>

PROCESSED BY FrRA TECHNICAL CENTER ACT-180J
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RAMP RESPOMNSE OF THE BENDIX ALPHA-BETR FILTER
ALPHA= B.53 BETA= 0.43 T= 4.00 SECONDS SFY=10.0Q
SMOOTHED VELOCITY XDCKB)D

PROCESSED BY FAA TECHNICAL CENTER  ACT-180J
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IMPULSE RESPOMSE OF THE BENDIX ALPHA-BETR FILTER
ALPHR= ©.53 BETR= 8.43 T= 4.0 SECONDS SFY= 9.18
PREDICTED POSITION XP(K?>

PROCESSED BY FAA TECHNICAL CENTER  ACT-100J
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IMPULSE RESPOMSE OF THE BENDIX ALPHA-BETR FILTER
ALPHA= B8.53 BETRA= B8.43 T= 4.8 SECONDS SFY= 0.10
SMOOTHED VELOCITY XDC(KB)

PROCESSED BY FAA TECHNICAL CENTER  ACT-180J
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IMPUULSE RESPOMSE OF THE BENDIX ALPHR-BETA FILTER
ALPHA= B.53 BETR= 8.43 T= 4.0 SECONDS SFY= 9.108

SMOOTHED POSITION X(K?>
PROCESSED BY FAA TECHNICAL CENTER RCT-186J
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RAMP RESPONSE OF THE BENDIX ALPHA-BETH FILTER
ALPHA= B.46 BETA= 0.38 T= 3.00 SECONDS SFY=10.00
SMOOTHED POSITION RC(KD

PROCESSED BY FAR TECHNICAL CENTER ACT-100J
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FAMP RESPONSE OF THE BENDIX ALPHAR-BETR FILTER
ALPHA= B.46 BETA= B8.38 T= 3.00 SECONDS SFY=18.00
PREDICTED POSITION XP(K)

PROCESSED BY FAR TECHNICAL CENTER ACT-106J
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B8.46 BETA= 0.30 T= 3.00 SECONDS SFY=10.00
SMOOTHED VELOCITY XIXKB)

PROCESSED BY FARA TECHNICAL CENTER ACT-180J
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! IMPULSE RESPOMSE OF THE BENDIX ALPHR-BETAR FILTER

3 ALPHA= B.46 BETA= 8.38 T= 3.8 SECONDS SFY= ©8.10

! PREDICTED POSITION XPC(K) *
PROCESSED BY FAAR TECHNICAL CENTER RCT-1060J
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IMPULSE RESPOMSE QF THE BENDIX ALPHA-BETA FILTER
ALPHA= B.46 BETR= B.38 T= 3.8 SECONDS SFY= 8.10
SMOOTHED VELOCITY XD(KB)

PROCESSED BY FRA TECHNICAL CENTER  ACT-180J
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IMPULSE RESPOMSE OF THE BENDIX ALPHR-BETA FILTER
ALPHA= B3.46 BETR= B.30 T= 3.8 SECONDS SFY= 0.10
SMOOTHED POSITION X(K)D

PROCESSED BY FAAR TECHNICAL CENTER  ARCT-100J
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RAMP RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHAR= 8.37 BETA= 0.17 T= 2.00 SECONDS SFY=10.80
SMOOTHED POSITION X(K)>

PROCESSED BY FAA TECHNICAL CENTER ACT-100J
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RAMP RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHA= @.37 BETA= 0.17 T= 2.00 SECONDS SFY=10.00
PREDICTED POSITION XPC(K?

PROCESSED BY FAA TECHNICAL CENTER ACT-180J
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FAMP RESPONSE OF THE BENDIX ALPHAR-BETR FILTER
ALPHA= B.37 BETR= 8.17 T= 2.00 SECONDS SFY=10.00
SMOOTHED VELOCITY XDKKB)D

PROCESSED BY FAA TECHMICAL CENTER  ACT-180J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= 9.37 BETA= 8.17 T= 2.0 SECONDS SFY= ©.10@
PREDICTED POSITION XPCK)

PROCESSED BY FAA TECHNICAL CENTER  ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHR-BETA FILTER
ALPHA= .37 BETA= 0.17 T= 2.0 SECONDS SFY= 0.10
SMOOTHED VELOCITY XD(KB)

PROCESSED BY FAA TECHNICAL CENTER ACT-1008J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B.37 BETA= 8.17 T= 2.8 SECONDS SFY= @.19

SMOOTHED POSITION XCK)D
PROCESSED BY FAA TECHNICAL CENTER  ACT-108J
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RAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= 0.25 BETA= 0.€6 T= 1.00 SECONDS SFy= 1.080
SMOOTHED POSITION XC(K)

PROCESSED BY FRAR TECHNICAL CENTER ACT-1G0J
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FAMP RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= B8.25 BETA= 8.06 T= 1.08 SECONDS SFY= 1.00
PREDICTED POSITION XPC(K?)

PROCESSED BY FRA TECHNICAL CENTER  ACT-100J
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RAMP RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHA= 8.25 BETAR= 0.86 T= 1.080 SECONDS SFY= 1.00
SMOOTHED VELOCITY XDCKB)

PROCESSED BY FAR TECHNICAL CENTER ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHAR-BETA FILTER
ALPHA= B8.25 BETA= 8.866 T= 1.0 SECONDS SFy= 0.10
PREDICTED POSITION XPC(K)D

PROCESSED BY FARA TECHNICAL CENTER ACT-100J
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IMPULSE RESPONSE OF THE BENDIX ALPHA-BETA FILTER
ALPHA= #.25 BETA= B.86 T= 1.8 SECONDS SFY= 9.10

SMOOTHED VELOCITY XDCKB)?
PROCESSED BY FAR TECHNICAL CENTER RCT-1068J
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IMPULSE RESPOMSE OF THE BENDIX ALPHR-BETR FILTER
ALPHG= B.25 BETAR= .86 T= 1.8 SECONDS SFY= 0.10
SMOOTHED POSITION  X(K)D

FPROCESSED BY FAA TECHNICAL CENTER ACT-100J



