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Appendix B

This Appendix contains the graphical resu 1t~ of the

Monte Carlo analysis of this study. The plot~ wi)l be jr e—

sented in sets. All sets will include the dynamic state

error plots for:

V~~. - x-velocity for the missile in the inertial f rame

01 — Line - o f— s i J~t an~,1e sc..~n by the cw~:s~~.p

R - Range

H — Range raL (rc1ativ ~ closing Te~ ocJ 1..y ~~~~~ by

convention, H

— M~ ssi1e ’ z d t i ~ 1oped lat € :~ .l a’~ce1erat~.cr.

And wh~ r . es ci~ated , the p r~~ c -t c’r error plots for :

n - Propor~ iona1 navi~ a~ ion corAstan~
- Time constant of the f i r s t  or der lag

N/ S - Ratio of mass to cross sectional area

will be incl’. ded in the set. In addition to the error plots,

a tuning pJ.ot (covarianc e ~,atchirg) will be included for each

state and parameter. The smooth curve on the tuning plot

represents the square root of the fiiter-cal~~ 1~ to~1 covar-

lance. The “apparently noisy” curv e reprcs~•n~ s the sc!d are

root of the variance of the error calculated over the twenty

simulations . Also irxcludod , in variou s sets, are covarianc e

convergenc e pio Us (describ~ cl ir ~ Chapter Iv) .  The box in the

upper righ t hand corner ef each plot indicates whether th~

plot is a mean e!r or plot o~’ a covan iarice jiot. The order

of the missile a .~~li as the data set number are also in—

1
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eluded. The data set number indicate.~ the tuning parameters

used for a par-ticular run. The filter ini tial estimates , the

tuning parameters and a brief description cf the purpose of

each set will be included at the beginning of each sct. It

should be noted that the high-g scenario was used for all

cases except the one annotated low-g .

Organization

The sets will be arranged in the fo l lowi r~ order:

1—9 Zero or der ~i5~~~ilc f i l te r

.10-21 Third order missile ~~lter

22-31 Benchmark

32_~4i Fourth o~’der ei~ siie ~~i~~:r (A/P at. 0 s~c)

k2-51 Fourth order r1issile ~~ iter ( A/P at 3 sec )

52-61 Fourth or0er ~i~ si~ .; filter (A/~ at 5 see)

62-71 Fourth order nissile Pi]tcr (A/P at 0 sec -

complete linearizati3r of f)

72—81 Fourth order missile filter (A/i’ at ~ see -

using fourth order Runge-Kutta integration

package )

82-91 Sensi t ivi ty lysis  (n 6 . )

92-101 Sensitivity a~~1ysis (n = 3 . )
102-111 Sensitivity analysis 

~~2 
= .8)

112-121 Sensi tivity analysis (T2 = .1)

122-131 Sensitivity analysi ;~ CM = 2 . )

l32-1~ 1 Sensitivity analysis (M = 8 . )

l~4’2-151 F~~st order missile filter (1~f set equal to .b~ )

2



152-l6~ n estimat ion - n ini t ial ized at 3.
165-178 n estimation - n initialized at 6.

179-190 es t imai ion - Tf initia1i~ ed at 1.5

191-202 estimation - initi alized at .3
203-216 N/s estimation - i~;/s initialized at LI.5 .

217-230 N/S estimation - N/s initialized at 15.
231-2~4~4- n and estimation (high-g scenario)

2LI.5_258 n and ~~ estimation (low-g scenario)

259-276 n, i~f~ and r.Vs e~~~~ir. a~tiori

277—29k n, Tf. and ri/s estimation v;lth the dynamic
states m l  biali~~d with some error.

3



Zero Order tvj issi] e Filter

The initial state est imates  and the tuning para~ et ’ r~
for this ease are

v~~(O) = 1225.7 fps

9(0) = ‘4~.363345 radians

R(O) 10000. feet

R(O) = —2122. frs

a~,(O)  = 0.

n( O ) = 4.5

T~(O) =

M/S(O) = 29,197 s1uL~s/ft
2

1~
-
~~ 

--1’
‘-I- .E—5 0. 0.

~~~~
= a. 5oa. C.

Lo. 0. lOOj

100. 0. 0. 0. 0. 0. 0. 0. 
—

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

0. 0. 101. 0. 0. 0. C’. C.

0. 0. 0. LI . 0. 0. 0. 0.

~0 
=

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. O.

( 1

‘I.
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_ _ _ _ _ _ _ _ _ _

101. 0. 0. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0.

These ~‘lo~ -: ~v;re ~;en~ r .ted tc dono~ strate -t:~e per—

fo r~:n: i ~ e of ~~~ s P11 ter wS ib U.~ .-~oftware c~~~n; es r~ot ~ t ~

Appendix A. The parameters n and M/S were not estinateci ,

h ut  were  set  to t h e i r  cer~:e~ t valuer .

I
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Thi rd Order N i s s i le  Filter

The initial state estimates and the tuning parameters

for this case are

v~~(0) = 1225.7 fps

= 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL ( O )  0.

n ( O )  =

l f(O) — \/A -

N/S(0) = 29.197 slugs/ft
2

C. 0.

0. 500. 0.

L o. 0. 100.

oo. 0. 0. 0. 0. 0. 0. 0.

0. i.E-B 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0 0.

0. 0. 0. 4. 0. 0. 0. 0.
P0 =

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

15
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_
1O1. Cu 0. 0. 0. 0. 0. 0. 

—

0. 1.F-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

This desi~,n “ R s  use d as a;~ atter~ut ~n cstablishin~ 5.

benchmark . The filt~ r mo del inrlu du J th e exa c t struc ture of

the autopilot (found by assuming constant coefficients as de-

scribed ir Chapter III). Chapter III lists si:: sets of co—

efficients found at various times over the high—g scenario.

The plots that follow were generate d usi~ng the coeffi cients

for t 0. This set of coef ~’icients reduced the initial tran-

sients in the filter. This can be seen by comparing the

plots of the fourth or d er missile f i l ter  which use three

sets of autopilot transfer function coofPicients  to demon-

strate this point .

16
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Benchmark

The initial state estimates and the tuning parameters

for this case are

V
~~

(o) 1225.7 fps

= 4.363345 radians

R(O) = 10000. feet

R(O) =- -2122. fps

aL ( 0 )  = ° .

n(0) = 4 .5

Tf
(0)

M/ S(0) 29 .197 slugs/ft2

0. 0.

~~~~~ 
0. 500. 0.

L°• 0. 100.

ioo. 0. 0. 0. 0. 0. 0. 0. 
—

0. i.E—B 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. ~. 0. 0.
PAI-, 0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.
/
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~101. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

— 

0. 0. 0. 100. 0. 0. 0. 0.
-~~~ 

— 

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

-_ 
0. 0. 0. 0. 0. 0. 0. 0. 

—

A complete description of the a.d hoc design , u~;ed in

generating the fol lowin g plots , can be found in Chapter III.

Basically, the true commanded acceleration of the missile

was assumed kno-.vn por f~ctly and iia~~ ed direc tly to ‘Lbe au’to—

pUot in the filter irodel. The autopilot trrn~~ er func~ ion

used the coofiic:ients for t=O (refer to Cha~;tcr III).

plots were considered as benchmarks for the five dynamic

states of the fundamental filter design.

30

~~ t--5 _ .-5~~~~~~-5~~ — - — - 
-
- -- - - 5 - ~~~~~, __  -5 .. :: ______   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -  -5 - - --— --—‘- - .—---—-- ~~~~~~~~~~~~~~~~~~~~~~~

Li
U)..’ If)

0)
O h)  -

— L/)
0 1- I- C

5-. f ,i
U U

LI 0 hi
__J ci

Z Id 0
C C >  ~_ s 0
Li 2

C)
V.’

U. -  -
U)

Li I-

If)
C-i

C

IV’)
tiJ

~~~tiJ
If), :

0
N

-4

If)
0’)

0

0
0

I I

00 0S 00 S3 00~ 0 00S 3— OO~ O2-°

~~~~ 22.  X — V E L O C IT Y  THIRD ORDER IIISSILE

3].

-5--- 
-5— -5— -5— — - —  ——-5-5 —



-- -- -5. —-- —

~~ Lii
L I U~~~J U)
I— N ‘-. 0)
_.i _ t )
.-~ 0 U -

.5. U)
I- ‘s. I-. C
— 5-. C)
Li  X U ~~0 CC hi
.J~~ J ci

1 1 - 3
)( 0

‘-4

U —. -

If)
— Li I—

(1,

C

/

C
/ N

‘-4

If)
I0

C
ID

-~

00 0$’ 00 0C O O O ~ 00 0t  oo cF

Fig , 23. ~ — VE L O~~I T Y  SIO~” AS T HIRU DROER

32 
-

— - 5 - -- — - _



-- - 5 5 . ”— - - - - -5 ’..- - , ------ 
.5 ---

U)
Z N —  0)
1~i --s

.5. If)
0 e~ I- C

CO L- ~~Li U. t1 hi
Li I’i

Z C O
CC
L4 LJ 3 0C) -

Z t i — - .
U)

Iii I—

LI)
C-i

*

0
•*- -~

>~ 
u_i
(1)

to Li. J

C)
N
V.,

U,
a)

C.)

C)
C.,

— — I I - -

~I’O ~0~0 000 90 0- S l O ~~

~N U I O U ~

Fig. 24. At~~LE f1EASU~~~~t-~1 THiRD ORDER MISSILE

33

—----5- -5——



-
~

Li
I-- LJ L’) .J If)
Z 1 — N .-. 0)
LI .J — Vi
C — O h )  -

— L/)
1- C

U) )( U ~CC — U. Id
C)

~ ‘-.0

a
-4

Z 0 . -  - .
‘4-)

-

~~~~~

0

.
uj

_

_

k I:
~~~~~~~~~~~~~~~

v)
‘-p

‘4) LIJ

0
N

II)(a
0

I -

~0 0  301D 1 0 0  oo cF
~~~~~~~~~~ G N U I O U è ~

Fig. 25. ~ND ! E M:1ISURE~~1ENT Si~ MRS TU:RCi ORDER

34

_ _ _ _ _ _ _  -5— -5 —- -  -_- —  _____________



-5--,- -— -~~~—-—-5- -5 - —- - -. - — - —-5—- ’--- -’-- - .— ---—--—

—-5 --__‘—-___ _

D I’) -
— U)

)

I

I I
_ D

00 0E 00 S1 000 0O~~ I- 00’-DE--0

1JJ~ :J

Fig. 26. R A NG E T H I R D  ORDER M I S S I L E

35

-- -—--5—- — - -- —~~~ -5- - 5 - - -- —- 5 -~~



--5--- - - - -- - - 5  ‘~~~~~~~~~~~~~~ - -5—- — - -5—  — --5.’

“4
LI I-) _I I.1)
I- N .-. C))

— I’) - .-. ‘4)
C

h is - C)

(t i—I C)

1-2 C)

‘--5

~~~z r  -

~~ 1/)

Ii)
-
,

-
“4
.

~_ -5 5 /
—

~ /

~~~~~~~~~ Li.J_ _
Th / ~~

/ _~~ 
-

/

/

O0.0~ 00’St OD O L 0 0 S  oo~tF
I 3~~~ J

Fig. 27 . RANGE S I G M R ~ T H I R D  ORDER

36

U _ _--

~~~~~~

-- - - -  

_ _
— -5 

-5---——--



— --5----—.-—----— - - --5—— —-5- - —-5--- - --5- - —-------- - ------- -
-

Lii
U~~~ J If)
N . -
— C O - .

.5. U)
0 I— I— C

~~~~~~~~~~~~

I1 [if -

~~~~~

5/

to ::

0

I—,

It)
ç- 

/ ,,
S U,

0

_________________ 
_ _ _ _ _  _ _ _ _ _ _  

0_________________________________ - --—~~ —- —r— -
0S 1.. OO~ 0 0~~’L—

Fig. 28. RAN D E RA TE T H I R D  O RDF ~ M IS SI LE



__________

I~ hi
1) 1) _I U)
I — N .-  0)S__I — (1

- .

Li.I I&. — U)
i-- ‘-. I-- ~:CC C)

C~~~~~~~0~~~~

a
-4

C U. -
.5-. . ‘4)

4 — It)

•4 -

0
p *5~~~i~

L o s -

U,

0

oD~~ t 00 6 00 9 0 0 E
3JS/133.J

i~~~ . 29. R 1~~~~~GE RA TE SIGI - AS TH i RD DRDU R

38

L - -



_ _ _ _ _ _ _ _ _ _ _ _ _

C) CC I— C
C)

L Li (4 l~Iii .J CC Iii
Li C)z U o ~~~C C U ’ % O

C 0
- .. JZ ~~~ U)1,4 4-

Ii,

1

-

~~~~~~~~~~~

Ii,

C
N

-4

U)
‘a

C)

C
0
C)

00 9  00C 00’O 00~~ —
J O f lh IN-O~~~ W ~ !Q~~~~fl

Fig. 30. i ‘1 ACCELERATION THIRD OR DE R ~i1SSILE

39

- —- - -5 - 5- - - - - -- 5 - — - - 5 - —



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ 5 -~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

Li.’
Is~~~Id)~~~~1 It)

lsi I— CJ~~~ C))
U — -0

U).- ~~~ I— i.~t~ — ci
U. )C C S
> -. hi

Iii- C)
u~~~~ 0~~~U~~~~~. o

0
4-,

5 .
. J OZ C  ‘4)

‘-
—5

0

LI
~ 

Li_i
L~) ~~~

C

C
N

-4

(0

C

C,
C)

1 - I - I ~~~~~~~~~~~~~~~~~ 
S

0 0 P  0 0 C  003 OtY t 00400

JOfl h1~~~~OL ~J

Fig. 31. LAT ACCE1.EF~RTION SIDMHS TH1RL) OR0~ R

40



_ _ _ _ _ _ _ _  _ _  _ _-  - ‘

Fourth Or der Mi~ si1e Fi1t ’~r (~~~~~~~~~~ at 0 sec)

The initial state e’st imY~es and the tuning parameters

for this case are

v~~(o) 1225.7 fp s

9(0)  = 4.363345 radians
T

R(0) 10000. feet

R ( 0) = -2122. fps

aL ( o )  = 0.

n ( O )  = 4 .5

Tf(0) N/~
M/ S(0) 29 .197 slugs/ft 2

fk. E_ 5 0. 0.

~ 
0. 500, 0.

Lo. o. 100.

TLoo. 0. 0. 0. 0. 0. 0. 0. 
—

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.
—V 

0~ 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—
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101. 0. 0. 0. 0. 0. 0. 0.

0. 1.E—6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 
- 

0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

These pl o ts were ~~~ rated by t~~c- ~our Lh order fi~ ter

with  the coe ffic ients  of the au topil ot t ransfer  fu :-~c~~~o~ dc--

terrnined at t=0. These plots were compared to those results

of the fourth order filtc~ u s i n-  awtop i iot  CO~~ ff ~~C~~~r~ fltS  f ca’

t=3 and t=5. The irite~ i was to de t- r~~ac if tdcre was cay

dist n~~ ishab1€’ d~ ffe r c~~ce in filter ic r form ance f or the

various sets of a~ topilo~ co f f l c ien~;s. A compl ete descrip-

tion of the filter autopilot and its coefficients can be

found in Chapter Ii:.
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Fourth Order Missii~ Filter (~~~~~~~~~~ 
at ~ sec )

The initial state estimates and the tuning parameters

for this case are

V~~(o) 1225.7 fps

= 4.363345 radians

R(o) = 10000. feet

R(o) = -2122. fps

a~ (O) = 0 .

n(0) =

Tf(0) = N/A

M/S(O) = 29.197 slugs/ft2

17~
E_5 0. 0.

~ 
0. 500. 0.

Lo. 0. 100.

00. 0. 0. 0. 0. 0. 0. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -



5-

101. 0. 0. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. .500. 0. - 
0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

The se plots ‘iiere gen-~r at ed by the fourth order fil ter

with the coe.fficient~ o~ the au topi lot  trans fe r func ti on de-

termined at t=3. These plots were compared to those resul ts

of the fourth order fi lt e r  u~ ing c~uicp iio t  coe ffic~ieLts for

t-~0 and t=5. The intent was to dc tern ir.e if there was any

di stinguishable difference in filter perfo::~~nc~ fec the

various sets of autopilot coefficients . A complete descrip-

tion of the filter autopilot and its coefficieiits can be

found in Chapter III.
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Fourth Order Missile Filter (~~~~~~~~~~~ 
at ~ see)

The initial state estimates and the tuning parameters

for this case are

V~~(o) = 1225.7 fps

0(0)  = 4.363345 radians
T

R(0) = 10000. feet

R(0) = -2122. fp~

aL(O) = 0 .

n(O) = 4.5
T1(O) = N/A

M/S(0) 29.197 slugs/ft
2

0. 0.

R =  J 0. 500. 0.

Lo. o. 100.

oo. 0. 0. 0. 0. 0. 0. 0. 
—

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

Pr. =
~~~.1 

0. 0. 0. j . 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. Oe 0. 0.

_
0. 0. 0. 0. 0. 0. 0. 0. 

—

- 
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~1O1. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E—6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. —.

These plots were generated by the fourth order filter

with the coefficierr’Us of the autopilot transfer function de-

termined at t=5. These plots were compared to those results

of the fourth order filter’ using autopiict coefficients for

t=O and -t = 3. The intent was to determine if there was any

distinguishable differenc e in filter performance for the

various sets of autopilot coefficients . A complete descrip-

tion of the filter au topilot and its coeff ic ients  can be

found in Chapter III.
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Fourth Order Mis~ i1e Filter (complete l inear iza t ion of f )

The initial state estimates and the tuning parameters

for this case are

v~~(0) = 1225.7 fps

= 4 .363345 radians

R(0) = 10000. feet

R(0) = —2122. fps

aL(0) = 0 .

n(0) = 4 .5

Tf(O) = N/A

M/S(0) = 29.197 slugs/f t2

FE_S 0. o . J
a=  o. 5oo. 0.

L°• 0. iooj

100. 0. 0. 0. 0. 0. 0. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

—0 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.-
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~lOl. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

— 
0. 0. 0. ~.OO . 0. 0. 0. 0.

— 

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

These plots were generated to jus t i fy  the assumptions ,

tha t 9T’ V m~ 
and ‘

~m could be considere d cor~si~ant over the

me asurement period of 0.02 seconds. The fourth order filter

was used with the coeff i c icn t s  of thc autopilot chosen f o r

t=O. The F—ma tL ’ix within the filtc~r conta~~ s a coir~plete

l inearization of Th~ f-vector. A comparison of the~-e p~ots

with those for “Fourth Order r~issile Fil ter , A/P at t=O”

(Figures 32 through 41), can be made to determine the dif-

ferenc e when the above mentione d variables are considered

constant over the measurement period.
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Fourth Order r.:i~ siie Fli ter (using Runge-Kutta integration)
The initial state estimates and the tuning parameters

for this case are

v~~(o) 1225.7 fp s

9(0) 4.363345 radians
T

R(0) ~~l0000. feet

R(o) —2122. fps

aL(O) 
0.

n( O ) =

N/A

M/S(O) 29.197 slugs/ft2

~~ E-5 0. 0.

~~~~

= J 0. 500. 0.

Lo. 0. 100.

oo. 0. o . 0. 0. 0. 0. 0. 
—

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

0. 0. l0~J.. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. C. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. o. 0.

0. 0. C. 0. 0. 0. 0. o. 
—
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~

~l0l. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. -0. 0. 0. 0.

These ~Jots •.-:cre genera-ted to determine if the fil ter

performanc e via~ degradc~i by u~ in~ a fi r s t  order Euler ir~te —

gration routine . The results shown here used a Runge-Kutta

routi ne ari a c~~n he co~~ are d to ~~re-~: ~2 through 61, v;hich

were generated with th e Eel e~’ routin6 . The coeff ic ients  of

the autopilot were chc:e:i f~ r t= 5, since these coef fi c i cnt s

caused the greatest  transients in the dynamic states of the

filter (compared to t=0 and t~ 3, as described in Chapter III).

It was decided that a favor~.b1e conparison for this case

would be the best test for the Euler routine .
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Sensitivity Analysis (n_=_6.)

The initial state estimates and the tuning parameters

for this case are

v~~(o) 1225.7 fps

= 4.3633145 radians

R(0) = 10000. feet

R(o) = -2122. fps

aL(O) 
0.

n(0) = L~~5

Tf(0) N/A

M/S(O) = 29.197 slugs/ft2

~~E-5 0. 0.

~ 
0. 500. 0.

Lo. 0. ioo.

100. 0. 0. 0. 0. 0. 0. 0. 
—

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. LI. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.__ 0. 0. 0. 0. 0. 0. 0. 0. 
—
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101. 0. 0. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.
— 

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

This set of p1o~ s was gener at ed  by se t t ing the propor-

tional rxav i~ a t ior~ ccri~~t;~tnt , n , to 6 in the t ruth model . The

four th  order f i l t e r  was used with  n set to ~ .5 in the f i l te r .

Only the dynarn i~ a~u~ of the missi le  model w e r c ~ ~~ t ima tLd

by the f i l t e r .
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Sensitivity Analysis (n =
~ 

3.)

The initial state estimates and the tuning parameters

for this case are

v~~(O) 
= 1225.7 fps

Q~o) = 4.363345 radians

R(0) = 10000. feet

R(0) = —2122. fps

aL(0) = 0 .

n(0) = 4 .5

Tf(0) 
= N/A

M/S(0) = 29.197 slugs/ft2

~ZV.E_5 0. 0.1

~~~~

= 0. ~500. 0.

Lo. 0. iooj

ioo. 0. o. 0. 0. 0. 0. 0. 
—

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

E E E E.
- 
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_
10l. 0. 0. 0. 0. 0. 0. 0. —

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500 . 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0.

This set of plot3 was generated by setting the propor-

tional navigation constant , ri , to 5 in the tru th model . The

fourth order f i l ter  was used with n set to 4.5 in the fil ter.

Onl y the dynamic s~ a±es of the mis~~~~~ model were  esi lmatt~d

by the filter.
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Sensitivity Analysis (12 .8)

The initial state estimates and the tuning parameters

for this case are

V~~(0) = 1225.7 fps

0(0) = 4.363345 radians

R(0) = 10000. feet

R(0) = —2122. fps

a~ (0)  = 0.

n(0)  4 .5

T~(O) = N/A

M/S(0) = 29.19 7 slugs/f t2

.E-5 0. 0.

0. 500. 0.

Lo. 0. ioo.

oo. 0. 0. 0. 0. 0. o. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.
—V 

0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—
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101. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. —

This set of plots was generated by setting the tine

constant of the guidance system , -r2 to .8 seconds in the

truth model . in the filter was set to 0.3 seconds. The

fourth order f i l te r  was used and onl y the dynamic states of

the missile model were est imated.
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Sensitivi~~ Analysis (:2 =

The initial state estimates and the tuning parameters

for this case are

V~~(0) = 1225.7 fps

~L0) = 4.363)45 radians

R(0) 10000. feet

R(0) = —2122. fps

aL(0) = 0 .

n(0) = 4 .5

Tf(0) 
= N/A

M/S(0) 29.197 slugs/ft2

~~E-5 0. 0.

~ 
0. 500. 0.

Lo: 0. 100,

100. 0. 0. 0. 0. 0. 0. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.
—V 

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.
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‘ioi . 0. 0. 0. 0. 0. 0. o. 
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0. 1.E—6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

This set of t aots  was generated by setting the time

c onstant oi~ the guidance sys tem , T2, to .1 seconds in the

truth model. -r-2 in the fil ter was set to 0 .3  seconds. The

fourth ord ?r f i l t e r  was u E e d  and oily the dynamic s~;at~~ of

the m issile model were es t imated.
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_ __

Sensitivity Ana1ys~is (M 2.)

The initial state estimates and the tuning parameters

for this case are

V~~( o )  = 1225.7 fps

= 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL(O) =0 .

n(0) = 4 .5

T~(O) 
N/A

M/S(0) = 29.197 slugs/f t2 H

0. 0.

~ 
0. 500. 0.

L°. 0. 100.

100. 0. 0. 0. 0. 0. 0. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.
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101. 0. 0. 0. 0. 0. 0. 0.

0. 1.E—6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0.
• 

0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0.. 0. 0. 0. 0. 0. 0.

This set of plots was generated by setting the mass in

the truth model to 2 slugs. The fourth order filter was

used with the mass of the missile in its model set at 4.

Both , filter and truth model used an S (for M/S) of

.137 ft2. Oily the dynamic states of the missile model were

c timnated.

I

150

L _ _ _



_ _ _  -

(‘3 k )
Ci _J
— . 4  0)
D CI)

K >-  U)
0 I- * C

I . J O k . LJ
.J .0

C h iN E
P

h u E  / 0I
5 3.. ‘4

(13 K
U)

U)
\ 

N

*

0

00’Sl. OS’L~ 000 DS~LE— O0~SL—
3 3 G/IJ J J

Fig. 122. X—VE LOC Z TY FOURTH ORDER MISSILE

151

- - - - - -  - - —- ---- --- -—----- - --- - —-- - - ----~~--—‘- -----



---— --—— ———----—-— - ---— - -~~~~ - - - - - - - - —-~~ —- —~~ —-- -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —--~—

----- -
~~- —~~~~~~- ----- - -- —— -—--—----~—~~-

-————-—

K In - L i )
h i N . J  U)

C)J O
.4 . .

U)
. 4 - I l
U X . J K
O - .L  Li

Li • 0

> K II 0
I I- C

IC I - C
CE I I-  ‘—4

(5 113

V I E L

U)
N

*

0

• U_i ¶
U,
S.—

U) LLJ
Io~~~~

0
N

‘-4

I I I

oo o t o oo ~ oo~o~ 00 01 ocrif
33S/133J

Fig. 123. X—VEL O C ITY SIGIIAS FOURTH ORDER

152

_____ _ _ _  - -  ~~ —_~- -4_~~~~ T1. _ _ _ _ _ _



I/3- kJ
I - N . J  U)

0)‘j o i n
C 113 - .

K U )  — U)
O K
K~~~~~ lI
h i C E L  I.)

hi . 0
Z E N K
CE I S O

0E d I - Z  ‘-4
Z Q 3 K

U)C E O
EL

LI,
C’)

*

0
*1 5
.
(f”—)

Li_i

10 t1J
IDE

a
N
‘4

U)
to
0

0
0

I I I •s i o  ~o~o 0 0 0  ao o—
GN U IO U ~~~I 

-

Fig. 124. ANGLE MEASUREMENT FOURTH ORDER MISSiLE

:1.53

—-- _-- _ - - -- -•-- - - — -
~~

--. -—. - . -----• - - - -- _ -- - ------- - - - . .-.- — . - - -‘ -,- —4



—-- --- .

~~~~

- - - . -_

~~~~~~~

-----

~~

-- - - _.-

~~~~ 

———-- ----

~

- _ - _ - _ - - _ - —--

~~~~~~~~~

- - - - -— -- - --- __

K in k)
3.- LJ N J  U)
Z I -~~~ a)
E~~~~ 111 - .
U k.  ~. U)

C E — k .
Li) Li)
C D N

K II
I - C

C 3 C E  I I -  ‘4
Z C V 3 K

U)

U)
N
.

*

0
• 1v~~—~LU

(1)
S.—

0
N

‘4

U)

0

0
0

po~0 ~0~o ~o
!o io~oSN I3 IOUH

Fig. 125. ANGLE MEASUREMENT SIGMAS FOURTH ORDER

154

~

-------- ----- -— --- - - - - - -- --- ----

~

---

~

- -  — - - -- - -- --- - - - --- - - ----------________



_ _ _ _ _  _ _

i n k)
NJ  U)

C)

C
K - ’  It
K • ‘ K

-- . 0
Z L
C.; -

1 .—
I I-

U)
N

*

0

H  

_ _ _ _ _

0o•~~ oD .~~t 00~ 0 00•S~— oo~o~—~1311

Fig. 126. RANGE FOURTH ORDER MISSILE

155



—----- . - .  .~~~—- -- -~~--- - - - - - - - -

K i n- k)
I L JNJ  It)
i- -i — C)J O  11)
.4 ci) ..
L .-. U)

C — k .  Li)
Li.I . 0

I - C  a

CIA - K
I’)

CA- C L  

::

0

I I

0 O 0~ 00 S1 00 01 D0.S OO tF
1311

Fig. 127. RANGE S1GMAS FOURTH ORDER

156 

- - - -~~~~~~~- - _ _



-—------- -—- -— — ——----- - - - - - —~~~-.-

In- k)
N . J  U)
.4 .-. 0)D C I )  - .1/3

E l.) .-.

Li L I.)
hi • 0Z ( S N E

CE Z H 0
L J C E E  0E E l- C

( I-
(OK -

It)
C E O
C I..

U)
N

*

0
* 1-S.

-
I’”---)
(i_i
(I)

5fl LI_i
IDE

• • I—4

0
N

‘4

U)
to

0

0
______ 

0
II - eI I ‘P I a0D0~ 00 01 O(Y0 00 01- 0O0~ —

339/1311

Fig. 128. RANGE RATE FOURTH ORDER MISSiLE

157

____ -4



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.‘

K IA- I.)
I . J N . J  U)

C). J D V)

~~ 2 U)
~ - S. * C
CE — II

‘ - Li i
hi Li • 0(3~~~~~ N K
C E ll O
K I - C

CE I I-
(S i n

CI) C L

U)
C’)

*

-~~

1 

•

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
00•~ I 0 0 6  0 0 9

3 3 9/ 1J 3 .J  .

Fig. 129. RANGE RATE SIGtiAS FOURTH ORDER

158 1:
_ _



- _ -

VI I.,
NJ  U)

Z — ~~~ . 0)c o in
.4 Cl) U)

K K II
K hi .J K
Lii

hi • 0
C U N K
CE U II C

C I - C
b - lI -  ‘-4
CE1 /)K

U)C E O
C L

II,
N

*

0
*1~~S.

U_i
U)

IDE

0
N

‘-4

LI)
to

0

0
0

I - I I •

009 00~~ 00 0  00 E— 00.9_a

JOflhINO~JW ~JO~i~~3

Fig. 1)0. LAT ACCELERATION FOURTH ORDER MISSiLE

159

__________________  _ _ _



Ki n- k)
L i N . J  U)

U I- -. — 0)U J O i n
C e-. it)

— S. • C
K — II

IC .1K
Lii .0

U~~~~~N K
U K Il 0
C E b -  C

I - C
I - C E  I I-  ‘4

U)s - C E O
It) C li.

U)
C’)

*

0
* 1—S.

• (-)
Li_i
(I)

‘I
) it, UJ

IDE

_ _ _~~~~~~~~~~~

0
N

‘-4

U)
to

0

0
0

I I

D0~~ 00~3 0 0 1  OO tF
JOfl h IN O~~~~~W

Fig. 131. LAT ACCELERATION S1GMAS FOURTH ORDER

160



—~~~~~
.- - -- - -----—----

~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -

~~~~ 
-
~~~~~~~~~~~~

- -
~~~~~~~~~~-~~~~~~~ - -

Sensitivity Analysis (M 8 .)

The initial state estimates and the tuning parameters

for this case are

V
~~

(0) = 1225.7 fps

= 4.363345 radians

R(0) = 10000. feet

R(0) -2122. fps

aL(0)  = °

n( 0) = 4 .5

T~
( O)  = N/A

M/S(0) = 29.197 slugs/ft
2

0. 0.

~~~

= 0. 500. 0.

L°• 0. 100.

100. 0. 0. 0. 0. 0. 0. 0.

0. ]..E-8 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.
—0 0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. o.
0. 0. 0. 0. 0. 0. 0. 0.
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101. 0. 0. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 100. 0. 0. 0. 0.

0. 0. 0. 0. •5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0, 0. 0. 0. 0. 

—

This set of p1o~ s was generated by setting the mass in

the truth model to 8 slugs. The fourth order filter was

used with the mass of the missile in its model set at 4.

Both, filter and truth model used an S (for Mi’S) of

.137 f t 2 . Oily the dynamic states of the missile model were

estimated.
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Firs t Order Missile Filter (If set equal -to ~~~
The initial state estimates and the tuning parameters

for this case are

V~~(O) = 1225.7 fps

~(0) = 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL (o) = 0.

n( 0) = 4 .5

rf (O)  = .85 seconds

M/S(0) =29.197 slugs/ft2

~~~~E-5 0. 0.

~~~
= 0. 500. 0.

Lou- 0. 100.

oo. 0. 0. 0. 0. 0. o. 0. 
—

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0,. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—
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250. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500 . 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

These plots were generated by the first order filter

with a time constant of .85 seconds. The value of was

found from an iterative process by comparing filter per-

formance for various values of Tf. .85 seconds was found

to produce the least error in the dynamic states o1 the mis-

sile model . Only the dynamic states were estimated in this

case.

1714.



—---------— _-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- .-- .-_- -~~~~~--.- 

~~~~~

.-

~~~~~~

---

— L i )
(O.J It)

0 1 /)
K > -  — U)
13 1- CA- C
E 1 )
K U  . E

0 0 0 5 00 S3 00.S~ - 00 ’O S —°
339/1311

Fig. 11+2. X—VELOC !IY FIRST ORDER MISSILE



r ---- ---.- -
~~~
— - -

~~
-- - - ------

~
--•-... 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
-
~~~~

-—--

r

K
Ut ) ..) U)
b - _ i -  C)

— IS)
I-.. ~ - U) C
.4 .-U X  . K
0—  Li)
J U I-. 0
hi~~~~~ C E K

C
I b- b-
* UI-

‘4

(0 3—

U)
C”)

a
*1~~S.

-
Iv”-)
Li
(1)
S.—

IDE
• • .—_I

I—

0
N

‘-4

I I I

00 0’P CD.O~ 000 3 00 01 OO rF
339/j_ 33J .

Fig. 143. K—VELOCITY SIGMAS FIRST ORDER

176



- -, —--~~ — —---——-----.- - —— - — 
- . _ _

~ —.j -g~~~~-.~ 
- -

It)
C — —  0)
U I-  It)
C C C I)  - .

K U  .-. U)

0 K - V I Z
K -- U) .K
U C E  I.)

Ui b- 0
Z E C E K

0
*1_S .

LI_i
I

I
/ IDE

/
/ 

N

‘-4

U)
to

a
a

I I I -

s i .o 
~cro ocvo go o- si .o—°

1-01’ G N U I 0 U ~ J

Fig. 141+. ANGLE MEASUREMEN T F I R S T  ORDER M I SSIL E

177

-— -—----——- --- - - - -



_ _ _  _ _ _ _ _ _ _ _ _ _  
_ _ _  -- -

K — Li)
l- .si (D J U)

0)Lii .J I- (/3
C — 0 U)
U k .  — U)
K S.s. U)

(A - I C  .K
CE- . U
k) kJ I— D

U 4- 5—
.J 54 3—

‘4
Z~~~~ K

CE L
WI-

U)

N

*

0
*1_S.

~~0Li
(I)

ILl
IDE

a
N

‘4

If)
to

0

. 
0
0

- 
E0~0 ~o~o io~o oo~~FI_01’ 9NUIOI3~~~J

Fig. 11+5. ANGLE MEASUREIIENT SIGMAS FIRST ORDER

178

_ _ _ _ _ _ _ _ _  - -.  .-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  — -. - - - - -- -  --~~~~~~~-~~~-~~~--- ,- - -~~~-—- --~~- - --

U,
— . 4  0)
I- I t)
0 1 /)  - .

K — LI)
C i n C
K U 13
K t~ - K
IIJ Z  U

C E b -  C
C E  (I K
CE ~) I
Li 4—
C UI-

U
U)ç C.)

*

0

I I ~~~~~~~~~~
-
~~~~~~~

‘

• 

I
00 0E 00 S1 00 0 00~S1—

1311

Fig. 11+6. RANGE r-1RST ORDER MISSILE

179

-



P., 
_ 

-,-—-,--—-.—, — —-—-- — -w---. — 
—.,--- --- - -—-- - - - 

E L )
U t)_ J U)
5-- -. .-. 0)__t 4-- C,,
— C C I )  -

U)
C

C . -  I.)
IJ~~ 0
K C -

I - I -  atil l-
‘4

C K .

I’)
W I -

lt)

• 

0

H 

- 

1
OO•03 00 21 00 01 003 00Dm

1311

Fig. 147. RANGE SIGt~RS FIRST ORDER

180 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-
~~~~~-~~~

— Lii(A- ..) IS)a)
0 1 / 3

— U)
C I - V I C

.. .
K - K  .K  -
I.) U

U I - C
Z C C E E
C E Z  0
(.3 CE 3--

I!)
I-.

U)
N

*

a

U_i
(I,

10 UJ

0
N

‘4

If)
) to

0

0
a

I I I •

00 91 0 9 L  0 O 0  0S~ L- DO’SI-°
339/1311

Fig. 11+8. RANGE RATE r I RST ORDER MISSILE

181

_.~.~...__A__ ~~ — -.--—.—~~~- - -— - ~--.- ...



K — U i5 4 W _ i  U)
I- ..- — 0)It,

5.3 k. — U)

K - IC
.4 U

1 4 5 4 4- 0

C E  13
K 14 4--

5$)
(A- I-

I I 

•

~~

CD~~~1 00~ 6 0 0 9  O0~ E DO tF
339/1311

Fig. 149. RANGE RATE SIGMAS FIRST ORDER



r 
- - - - -- --.- 

— U
5 0 _ i  II)

0)
0 4 - 1/3
— 0 1 / 3  - .

C
K-k) - K -U _ i  Lii

U I - CZ U C E K -
C E U  0
U C E I -  0C Lii i-

I - W I t )  ‘4
CE K- - .

Ii’)
I-.

U)
C.)

*

0
*1_S.

I I

0 0 9  00~~ 0 0 0  O0~~— 00 9-
J O f l h l N O U N  ~~~O~~I~~JJ .

Fig. 150. LR T ACC E LERATION FIRST ORDER MiSSILE

183



K - - .U
14 5 0 _ i  U)

UI- — -. 0)U _i I- V
C — C U )  - .

.4 (1)

C E X  •K -

> -.  Iii
lu-i l- C

O K  C

5.3 4-
‘4

K -
LI)

(A-- I-

( U ,
N

-

‘~~

_ 

~~N

*1_S.

Li
U)

(S) L1J

a
N

‘4

(/,
to

a

aa
I 

- • .

0O .t  00~~E 0 0 3  0 0 1  OO LF
J O f l h I N 0 13 W

Fig. 151. LAT ACCELERATION SIGMAS FIRST ORDER

184



___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

n Estimation - n Initialized at ~~
The initial state estimates and the tuning parameters

for this case are

V~~(0)  = 1225.7 fps

4.363345 radians

R(0) = 10000. feet

R(0) = —2122. f ps

aL(0) = 0 .

n(0) 3.

Tf(0) = .85 second s

M/S(0) = 29.197 slugs/f t2

(5 E_5 0. 0.1

~ 
0. 500. 0.

0. iooj

100. 0. 0. 0. 0. 0. 0. 0.

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

0. 0. 10].. 0, 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 5. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—

185



150. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. .01 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 0. 0. 0. 0. 0. 0. 0. 0. 
—

This set of plots was generated by the first order f ii—

ter when estimating n, which was initialized at 3 in the

filter. The true value of n in the truth model was 4.5.

The other parameters in the filter model were not estimated.
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n Estimation - n Ini tialized at 6.

The initial state estimates and the tuning parameters

for this case are

V~~(0) = 1225.7 fps

0(0) = k.3633k5 rad ians

R(0) = 10000. feet

R(0) = -2122. fps

aL (0) = 0.

n(O) = 6.

= .85 seconds

M/s(0) 29.197 slugs/ft2

0. 0.

0. 500. 0.

L 0. 0. 100.

100. 0,. 0. 0. 0. 0. 0. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. k. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 5. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.
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I
1,50. 0. 0. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0.
• 

0. 0. .01 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

This set of plots was generated by the first order fil—

ter whe~t estimating n, which was initialized at 6 in the

filter. The true value of n in the tru th model was LI. .5.

The other parameters in the filter model were not estimated.
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Estimation - initialized at ~~~
The initial state estimates and the tuning parameters

for this case are

V~~(0) = 1225.7 fps

~T(0) = k.3633k5 radians

R(0) = 10000. feet

R(0) = —2122. fps

aL (0)  = 0.

n(0) =

= 1.5 seconds

M/ S(0) = 29.197 slugs/ft2

0. 0.

~ 
0. 500. 0.

L°. 0. 100.

ioo. 0. o. 0. 0. 0. 0. 0. 
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0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. k. 0. 0. 0. 0.

0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0, 0. 0. 0. 0.

0. 0. 0. 0. 0. 0~ .2 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—
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• 250. 0. 0. 0. 0. 0. 0. 0. 
—

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. .1 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. .001 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

These plots were generated by estimating Tf with the

first order filter. Tf 
was initialized at 1.5 seconds

with its truth model value defined as 0.85 seconds The

truth model value was determined from an interative search

as described in Chapter IV.
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Estimation - Initialized at ~~

The initial state estimates and the tuning parameters

for this case are

V~~(o) = 1225.7 fps

91
(0) = 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL (0) = 0 .

n(0) = 4 .5

T1(0) = .3 seconds

M/S(0) = 29.197 slugs/ft2

~~E—5 0. 0.

~ 
0. 500. 0.

Lo. 0. 100.

100. 0. 0. 0. 0. 0. 0. 0.

0. l.E-8 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. Li. . 0. 0. 0. 0.
I0. 0. 0. 0. 1. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. .2 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—
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0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. .1 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. .001 0.

0. 0. 0. 0. 0. 0. 0. 0.

These plots were generated by estimating T
f 
with the

first order filter. Tf 
was initialized at 0.3 seconds in

the filter with its truth model value defined as 0.85

seconds. The truth model value was determined from an

iterative search as described in Chapter IV.
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Estimation - ~~~ Initialized at ~~~~~~

The initial state estimates and the tuning parameters

for this case are

v~~(0) 
= 1225.7 fps

0(0) = 4.363345 radians
I

R(0) = 10000. feet

R(0) = -2122. fps

aL(0) =0.

n(0) = 4 .5

rf (0) = .85 seconds

M/S(0) = 45. slugs/ft2

E-5 0. 0.
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0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

— 
0. 0. 0. 0. 0. 0. 0. .5. 

—

These plots were generated by the first order filter

when estimating the N/s ratio. The initial value of this

ratio set in the filter was 45.0 slugs/f t2. The true value

was set at 29.197 slugs/ft2. This parame ter along with

the five dynamic states of the missile model were the only

estimates of the first order filter in this case.
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~~~ 
Estimation - ~~~ InitiaU~zed ~~
The initial state estimates and the tuning parameters

for this case are

v~~(o) = 1225.7 fps

9(0) = 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL(0) = °

n (o) = 4.5
= .85 seconds

M/S(0) = 15 slugs/ft2

0. 0.

0. 500. 0.

0. 0. 100. 5

100. 0. 0. 0. 0. 0. 0. 0. :1

0. 1.E—8 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0, 0. 0. 5.
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0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. 3. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 5.

These plots were generated by the first order filter

when estimating the M/s ratio. The initial value of this

ratio set in the filter was 15.0 slugs/ft2. The true value

was set at 29.197 slugs/ft2. This parameter along with the

five dynamic states of the missile model were the only esti— -

mates of the first order filter in this case.
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~~~ 
Estimation (hi~ch-~ scenario)

The initial state estimates and the tuning parameters

for this case are

v~~(o) = 1225.7 fps

~~o) = 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL(0) = 0.

n(0) = 6.

Tf (0) = .3 seconds

M/S(0) 29.197 slugs/ft2

~~E-5 0. 0.

~~~~
= 0. 500. 0.

Lo. 0. 100.

100. 0. 0. 0. 0. 0. 0. 0.

0. l.E-8 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. Lj. , 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0, 0. 5. 0. 0.

0. 0. 0. 0. 0. 0. .2 0.

05 0. 0. 0. 0. 0. 0. 0. 
—

- 
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Th~o. 0. 0. 0. 0. 0. 0. 0. 
—

0, 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0, 0. 0. 0. 10. 0. 0. 0.

0. 0. 0. 0. 0. .01 0. 0.

0. 0. 0. 0. 0. 0. .001 0.

— 
0. 0. 0. 0. 0. 0. 0. 0. 

—

These results were produced when estimating n and Tf
together with the five dynamic states. Since these para-

meters only appeared together in the model of the guidance

strip, they were considered the most difficult combination

to estimate simultaneously. n was initialized at 6., and -

was initialized at 0.3 seconds. The true values of n

and were 4.5 and 0.85 seconds respectively.
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n and Estimation (low-R scenario)

The initial state estimates and the tuning parameters

for this case are

v~~(o) = 1225.7 fps

= 11..363311.5 radians

R(0) = 10000. feet

R(o) = -2122. f1,s

aL(0) = 0

n(0) = 3.

T~(O) = 1.5 seconds

M/s(0) = 29.197 slugs/ft2

E-5 0. 0.

0. 500. 0.

0. 0. 100.

100. 0. 0. 0. 0. 0. 0. 0.

0. 1.E—8 0. 0. 0. 0. 0. 0.

0~ 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. 11.. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0. 0. 0. 5. 0. 0.

0. 0. 0. 0. 0. 0. .2 0.

0. 0. 0. 0. 0. 0. 0. 0. 
—
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250. 0. 0. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. o.

0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. 10. 0. 0. 0.

0. 0. 0. 0. 0. .01 0. 0.

0. 0. 0. 0. 0. 0.. .001 0.

0. 0. 0. 0. 0. 0. 0. 0.

These plots were generated as a test case to determine

if the parameters could be estimated for a low-g scenario.

Only n and Tf were estimated along with the five dynamic

states of the missile model. These plots can be compared

with Figures 231 through 2L~4 which were generated using

the high-g scenario. The n and in the filter , “or this

set, were initialized at 3.0 and 1.5 seconds respectively.

The true n was ~4.5 and thr true value for ~rf was defined as

0.85 seconds.

I
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and ~~~ Estimation

The initial state estimates and the tuning parameters

for this case are

v~~(o) 1225.7 fps

OT(0) = 4.363345 radians

R(0) = 10000. feet

R(0) = -2122. fps

aL (O ) = °

n(O) = 6.

T~(O) .3 seconds

M/ S(0) 15. slugs/ft2

~~E-5 0. 0.

~ 
0. 500 . 0.

Lo. o. 100.

ioo. 0. o. 0. 0. 0. o. 0. 
—

0. 1.E—8 0. 0. 0. 0. 0. 0.

0. 0. 101. 0. 0. 0. 0. 0.

0, 0. 0. 4. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0,

0. 0. - 0. 0. 0. 5. 0. 0.

0. 0. 0. 0. 0. 0. .2 0.

0. 0 0. 0. 0. 0. 0. 5. 
—
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0. 0. 500. 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.

0. 0. 0. 0. 5. 0. 0. 0.

0. 0. 0.~ 0. 0. .01 0. 0.

0. 0. 0. 0. 0. 0. .001 0.

— 0. 0. 0. 0. 0. 0. 0. 3. 
—

These plots were generated to demonstrate the first

order filter ’s ability to estimate all three parameters and

all five dynamic states simultaneously. The states were

not initialized with any error. The parameter were ini-

tialized in the filter as follows

n(0) = 6 .0  , true value = 4.5

Tf(0) = 0.3 seconds , true value = .85 seconds

M/S(0) = 15. slugs/ft2 , true value = 29.197 slugs/ft2
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n, 
~~~~

, and ~~~ Estimation wit h Ini tial Sta te Errors

The initial state estimates and the tuning par ameters

for this case are

V~~(0) = 1000. fps

9~
(0) = 4.343345 radians

R(0) = 9000. feet

R( 0) = -1900. fps

aL (0) = 15. g ’s

n( 0) = 6.

1’~(O) = .3 seconds

M/ S(0) = 15. slugs/ft2

13 E_5 0. 0.

0. 500 . 0.

0. 0. 100.

100. 0. 0. 0. 0. 0. 0. 0.

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

0. 0. 101. 0. 0. 0. 0. 0.

0. 0. 0. Li.. 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. 0. 0. 0. 0. 0.

0. 1.E-6 0. 0. 0. 0. 0. 0.

0. 0. 500 . 0. 0. 0. 0. 0.

0. 0. 0. 200. 0. 0. 0. 0.
9 =

0. 0. 0. 0. 10. 0. 0. 0.

0. 0. 0. 0. 0. .5 0. 0.

0. 0. 0. 0. 0. 0. .001 0.

0. 0. 0. 0. 0. 0. 0. .009

This was the final evaluation of the first order filter.

The states and parameters were both initialized with large

errors. The initial values of the filter’s states are

gl en on the previous page . The true values for each are

listed below .

V~~ (0) 1225.6 fps

= Li. . 363345 radians

R(0) = 10000. feet

R( 0) = -2122. fps

aL(0)  = 0 .

n( 0) = 11.5

T~ (O)  = .85 second s

M/S(0) = 29.197 slugs/f t2 - 
-
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