—

AD-AOG 760 AIR FORCE INST OF TECH WRIGHT=-PATTERSON AFB OMIO SCHeeE .
A PRACTICAL THREE DIMENSIONAL: 11 STATE EXTENDED KALMAN :f,_,:,’,'_f:;g;b,

DEC 786 C W HLAVATY

UNCLASSIFIED AFIT/06C/EE/T8~-T=VOL=2




P

"m 10 %M

i
e 2
1-

e
22 fhes

AT
TR

= [Ie

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963 A







lr

AFIT/GGC/EE/78-7

ADAO0G4 76

£

0DC

(7

- -

ffgi/,_é PRACTICAL THREE DIMENSIONAL, 11
STATE EXTENDED KALM/N FILTER FOR
USE IN A FIRE CONTROL SYSTFM

/ AGAINST WNON--THRUSTING MISSILES o

S,
[ sy o
/
/

(e

O ¢ ) |} eJ
P G T

USAF

_Approved for public relecase; distribution unlimited

.. BDT

jpj' Charles w./lllavaty

FEB 22 191

A

r

14

o




e

AFIT/GGC/EE/78-7

A PRACTICAL THREE DIMENSIONAL, 11
STATE EXTENDED KALMAN FILTER FOR
USE IN A FIKE CONTROL SYSTEM

AGAINST NON-THRUSTING MISSILES

THESIS VOLUME II

Presented to the Faculty of the School of Engineering

of the Air Force Institute of Technology

Air Training Command
in Partial Fulfillment of the
Requirements for the Degree of

Master of Science

by
Charles W. Hlavaty, B.S.E.E., M.S.
Capt USAF
Graduate Electrical Engineering

December 1978

Approved for public release; distribution unlimited.

S— B




Appendix C . .
Appendix D . .

Appendix E . .

Volume II

Contents

ii




Appendix C

The appendix contains the graphical results of the Monte Carlo
analyses of the Double Filter. In each test, the filter states are
initialized to the initial true values. The tuning parameters used

in the filter are (Note: The state vector is

s T
[vmx» et’ R’ R, Al’ n, 'l'f, m/S] -

3.E-5 0 0
R = 0 500 0
0 0 100

L]
where the measurements are on et, R, and R. For angle measurements

only,
R = 3.E-5

100 0 0 o o 0 0 0]

0 1.E-8 0 0 0 0 0 0

0 0 101 0 0 0 0 0

P, =10 0 0 4 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 .4 0 0

0 0 0 0 0 0 .009 0

0 0 0 0 0 0 0 5
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250 0
0 1.E-6

0 0

0 0
T=ts 0
0 0

0 0

| 0 0

o

500

o0 O O ©

0 0]
0 0 0 0 0
0 0 0 0
200 0 0 0
0 10 0 0 0
0 0 .5 0 0
0 0 101 0

0 0 0 .009]

The results of the trajectories tested are arranged as follows:

Figurc

C-1 to C-18
C-19 to C-36

C-37 to C-54

C-55 to C-72

Double

Subject

Filter with four measurcments
Set One

Set Four, Three Dimensional
Set Four, Two Dimensional
Filter with two measurements

Set Four

C——
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Appendix D

Appendix D contains the computer software used to evaluate the
11 state filter. The only subroutine that is not contained in this
appendix is Subroutine MINV - a matrix inversion subroutine. The
software is organized as follows:

Unit Page

Progham BLERH o oueaiaa sisiv s e olsmalsieslsin s sis vialesaioiaisevia i el s es sion iy
(Executive program)

Subroutine Traj.ceececssosssscsscssssssssscascsnsscancasass 84
(Truth models)

Subroutine NOLlS€ .ssssesesesssssssscssscssassssscassnssesses 97
(Generates noise values)

Subroutine TIN...sesesescesessssosssssscssssessesossnsnsssse 99
(Rotates vector as per Appendix A)

Subroutine CroSS sseesesersesssssesscasssscescssssnssassnss 100
(Crosses two vectors)

Subroutine DXCOVAY ¢sssssesesscesasocssssasssnsessesasseserss il
(Propagates the filter)

Subroutine Fmal ,iseessvsvessssossssscesssccscssnsesscnsess103
(Bvaluates filter's partial derivative equations)

Subroutine DXGaln sesesssesssssssscscscscscsvsssssssnsannssel0s

(Computes Kalman filter gain)
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Subwenrtive DEBEFIRE L & s vowhniidbbnssbnssne xusanesessrasssann D00
(Computes the covariance update)

Subroutine D:-:SPl.us........................................107
(Computes the state update)

SO EERe TOEH s unui 5o san kit vssismesnennhmrsinnsannmes i 100
(Reads filter initialization values)

Subronting MY cessessssisssnssesssansestnassysevnssssesen 109
(Multiplies two matrices)

Sibrowtine MIBAN « doewe et aavsvsres vavinsdness 5o vnemnsses s 00
(Transposes a matrix)

Subroutine MEUB «yansosnes senensssrentannnsstesdsnavaosenss 111
(Subtracts two matrices)

Subrontine MADD seunssssssssbunsssnsrssesnnnsasserasvnsenss 142

(Adds two matrices)
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Appendix E

This appendix contains the graphical results of the Monte Carlo
analyses of the 11 State Filter. For each K Set trajectory, the filter
states are initialized to the initial true values. The tuning

parameters used in the filter for all K Set trajectories are (Note:

The state vector is [0,, 0,, w,, w,, Rtm’ ﬁtm’ ALl’ AL2’ Ney Tes
(m/s) ()"
[3.E-5 0 0 0 0 o |
0 3.E-5 0 0 0 0
0 0 3.E-5 0 0 0
- 0 0 0 3.E-5 0 0
0 0 0 0 5.E~4 0
‘Lo 0 0 0 0 1.E-4 ]
[4.,£-6 ) 0 0 0 0 g 0 © 0
0 4.E.6 O 0 0 0 0o 0 o 0
0 0. SB8 © 0 0 0 0 o0 0
0 0 0 3.E-5 O 0 g 0 0 0
0 0 0 0O S5.E-4 O 0 0 o o
P,=| © 0 0 0 0O 1.E-4 O O 0O 0
0 0 0 0 0 0 .,009 0 0 0
0 0 0 0 0 0 0 4 o 0
0 0 0 0 0 0 0 0 .05 0
| o 0 0 0 0 0 0 0 0 1.E13]
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