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Abstract  

A brief sketch of the development 'of 
the equations for a weighted 1c:ast squares  
es t imator  i s  given, the equations for both 
collective and recurs ive  es t imators  being 
included: Four possible problem sources  
that may be encountered in the application of 
the est imator a r e  identified. Various 

"success" parameters  a r e  defined in an 
attempt to predict  the success  with which , 

thc method has been applied. The applica- 
tion of thk estimation technique to the 
problem of computing various e r r o r  para- 
m e t e r s  associated with the ST-124M 
guidance platform is  dcscrit,c:d ;ln$ the 
numerical  rc:sults obtained using a mnnu- 
factured data case  a r e  presented. These 
r e su l t s  a r e  used to form conclusions about 
the  effectiveness of the "success" para-  
m e t e r s  and p re fe r red  approaches to the 
problem of system evaluation using tech- 
niques of estimation theory. 

I. Introduction 

Statist ical  treatment of data dates 
back to the l eas t  squares  techniques devised 
by Gauss. F r o m  this beginning, very 
sophisticated est imation techniques have 
evolved. Since each of these techniques 
requires  a l a rge  number of numerical  
cor.-iputations, the development of high speed 
computers has encouraged work in  this a r e a  
ana  in recent y e a r s  a great  number of 

investigators have reported their  work in 
the technical l i te ra ture .  References 1-6 
a r e  representative of such reports.  * The 
basic idea in  a l l  these techniques i s  to take 
a large  number of measurements ,  with 
attendant measurement inaccuracies,  of a 
part icular se t  of values and from this 
overdetermined system to compute the 
se t  of values that best represents  the 
result  of the measurement process .  The 
measurements  involved can be ei ther d i rec t  
measurements ,  where the pa ramete r s  of 
in teres t  a r e  measured o r  indirect measure-  
ments where known functions of the para- 
m e t e r s  of interest  a r e  measured.  There  
a r e  various ways of defining the c r i t e r i a  
that leads to the "best" est imate of the 
parameters .  This brief statement gives 
a background fo r  the definition of the 
problem to be treated.  

%The l i s t  of these works included in the 
present  work represent  ones that have 
become familiar  to the authors, The 
omission of any specific work f rom this 
l i s t  is not intended to reflect  the author 's  
opinion of i t s  usefulness. 



The Saturn Apollo ID and V vehicles 
use  the ST-124M platform a s  the hear t  of the 
guitiance system. This platform provides 
an  inert ial  reference frame, and accelcro- 
m e i e r s  from which intelligence for thc 
guidance computer i s  obtaincd. Certain 
e r r o r s  a r e  associated with the platform that 
lead to slightly inaccurate measurements  
with the resul t  that the vehicle will fly a 
t ra jec tory  that differs from the design o r  
nominal trajectory.  The measured devia- 
tions of the t ra jec tory  from nominal a r e  used 
a s  indirect  measurements  of the e r r o r  para-  
m e t e r s  that cause the deviation and a "best" 
es t imate  of these pa ramete r s  i s  computed, 
"l>estf '  in this case  being defined a s  tile 
wrtightrcl I r ; ~ a t  aclrliil.ea e~ t in l~c l t i .  'I ' III? 
l l ~ - l l l l l l l  ~ l ~ l ~ l l l l l u  1 1 1 -  I I M V  111 l l l l ~ ~ l ~ l  ~ ~ l ~ i - l l l ~ l l l  

!tlr*;tn~~r*!tt~i-t~La of I I I V  i - r r i ~ r  ~ ~ ~ ~ r i ~ t ~ ~ ~ ~ t ( ~ r f l  so  
that all avai lu l~lc  infortnation i s  used in 
obtaining the est imate.  However, problems 
a r i s e  in this procedure that have not been 
fully resolved. These problems can usually 
be t raced to one o r  m o r e  of the following 
sources:  

(1) The flight measurements  and the 
preflight measurements  a r e  
significantly different. 

(2) The effects of two o r  more  para- 
m e t e r s  on the trajectory a r e  so  
closely corre la ted  that a near 
singular situation develops in 
their  s i m u l t a n e o ~ ~ s  computation, 

(3 )  The net of c r r o r  parameters  
considered do not include cer ta in  
pa ramete r s  that have a signific- 
ant  effect on the trajectory.  

(4) The assumption of l inear 
relationships between trajcctory 
deviations and the e r r o r  para- 
m e t e r s  i s  not valid. 

The development of the equations 
used in the computa t iws will be outlined and 
methods that at tempt to eliminate some of 
the above problems will be given. Finally, 
rlun\c*ric;lI r e t i l ~ l t ~  oI)taill(~d 111 tvnt C I I H ( -  

will be revicwcd. 

11. Statistical   or mu la ti on^' * 
The weighted leas t -squares  adjust- 

ments  a r e  made on the basis o i  observed 
velocity deviations betyeen the nominal 
trajectory and the trajectory a s  determined 
by the tracking measurements.  A basic 
assumption in the derivation which follows 
i s  that the tracking data contains no 
systematic e r r o r s ,  although the equations 
developed could easily be modified.to,jn- 
clude the effects of such e r r o r s .  Based 
on this assumption the observed velocity 
deviations a r e  expressed mathematically 
by a f i rs t  o rde r  Taylor expansion about a 
zero  nominal value: 

-- - -.- 
LVl - I \ ( ; ,  I<(; I I , ,  ( 1 )  
- 

where AVi i s  the vector velocity deviation 
f o r  t ime ti, B G ~  i s  a (3Xk) matr ix  of par-  
tial derivatives of the velocity deviation 
with respect  to the e r r o r  pa ramete r s  ( k ' i s  
the numberof  e r r o r  pa ramete r s  being con- 
sidered),  KG i s  a (kXl_Lcolumn mat r ix  of 
e r r o r  and q i  i s  a (3x1) column 
mat r ix  representing no i seon t r ibu t ions  to 
the measurements.  The AVi a r e  obtained 
by differencing telemetry and tracking 
measures  of velocity for each t ime point. - 
KG i s  defined by the e r r o r  model equations 
being used. The part ial  derivative ma t r ix  
B G ~  i s  computed using these equations. 
The noise vectors over a given flight a r e  
assumed to have zero  mean and a-known 
stand;lrcl clcvintion. One Curthrr assump- 
tion simplifies the proccdurc greatly. 
This assumption i s  that the three  noise 
components associated with a given mea-  
surement a r e  uncorrelated and that there  
i s  no correlat ion from one measurement  
to the next. 

Measurements of the c r r o r  pa ramete r s  
a r c  madc pEior to each flight and these 
measurements  a r e  included in the total 
amount of information to be used in ob- 
taining the bes t  est imate of these e r r o r  
parameters .  These "ap r io r i "  measur -  
ments  a r e  denoted by KG, which i s  a 
(ItXj) co1t1111n ~ n n t r l x .  



The weighted least  squares estimate 
is the partizular se t  of values for the com- 
ponents of that minimizes the function 

where Wi and WK a r e  the weighting 
Go 

matr ices  for the flight measurements and 
the preflight measurements respectively. 
Further interpretation and discussion of the 
weighting matr ices  a r e  given in a later 
section. Close examination of the function F 
shows thatmit i s  the sum of the weighted ' 

equares of the n o i ~ e  c o ~ n p o n t ~ ~ i t s  of tlit, flight 
t t t r : tn t~~. t . t~~et~l t~  ~ ) I I I M  .I IVI-111  W I I O M V  c+lfvt.L i n  
to constrain the solution to lie in a re j ion 
determined by the specific valdes of and 

0 

The desired weighted least-squares 
solution is obtained by determining the partial  
derivatives aFlaKGi and setting these 

expressions equal to zero, Such an operation 
i s  cffcctccl by solving for Qi  from Equation 
( 1  ), sul>etituling this cxl>rcssion into ICclurrtion 
(2). and finally performing the required 
differentiations. The resulting equations, 
when solved for the er 'ror parameters,  
become 

where 

defines the covariance matrix.of the guidance 
c r r o r  pnr;lmetcrs. 

The equations above will be referred 
to a s  the collective least  squares solution. 
By considering these expressions using 
N data points and N t 1  data points and making 
l iberal  use of various matr ix  indcntities, a 
rccuraive estimator can hc obtained. The 
equations for the recursive estimator take 
the form 

and 

The subscript i used with KG o r  C 

indicates that data up to and including the 
ith data point have been used in the 
con i l~ t t a t io t i~ .  For the other clrtnntitles 
iltt* l3t1~)14~'~\1~1 1 ~ l l t ~ ~ ~ ~ l ~ t * ~  t l ~ l ~ ; l  t t b l '  :I llil1'li- 
cular data point. It i s  noted here without 
proof that equations 4, 5, and 6 can be 
obtained by either the Kalman method o r  
by the maximum likelihood method if the 
appropriate assumptions a r e  made. 

111. Required Data 8 

The equations of the previous section 
a r e  used to compute the weighted leaet 
sclunrcs cstinintcs of thc c r r o r  paramc 
Thc d;ita uecd in t l ~ c  computations a r e  
briefly described below. 

Preflight Estimatcs and their Variances 

Thr prcfliglit cstini;itcs a r e  obtained 
froni I;~I)or;~lory nic-;~w~~rc-~i~ctlts  itntl prc- 
I I  I ~ I ~ I I I I I I S  Tliry a r c  
r v ~ ~ r c ~ a c ~ i l ~ d  by n (k x 1) colu~iin matrix 
whcrc k i s  the number of pnramytcrs to be 
considcrcd in the computation. 

the 

symbol used for the vector of preflight 
estimates. 

The variances of the preflight estimates 
a r c  the squares of the standard deviations, 
Oi associated with the measurements.  The 
inverse of the variance is used to obtain the 
weight matrix assigned to the preflight 
estimates. This weight matrix i s  given by 



where Ci a r e  pa ramete r s  used to change 
WK in a convenient way. 

Go 

Dclta Vrlocitics and their  Variances 

1111,  v r ~ l r ~ t  ILy I I I ~ ~ ; I R I I I * P I I I I ~ I I ~ U  I I ~ P I ; I I I I I * ~ I  I I ~ I I I I I  

Lclctt~ctry  dot;^ nntl fro111 e r r o r  f'r.c?c Lr;~rl<it~g 
data.  Thus, the ent i re  velocity discrepancy 
is  assumed to be due to systematic e r r o r s  in 
the guidance sys tem with random noise 
e r r o r s  superimposed. There  i s  one such 
vector for  each time point for  which data i s  
available. 

- The variances associated with thc 
AV's a r e  obtained by estimating the width 
of th_e envelope of the curve obtained when 
thc AV's a r e  plotted against  time. Thc 
variances a r c  the squares  of one-half the 
envelope width. Variances a r c  assigned to 
regions of the curve.  The weight ma t r ix  
assigncd to a part icular AV i s  the i n v c r ~ e  of 
the variance asaigned the region of thc AV 
ve r sus  time curve from which that AV i s  
taken. The weights obtained in  this way 
a r e  diagonal (3 x 3) ma t r i ces  and a r e  de- 
noted by Wi. 

Pa r t i a l  Derivative Matrices 

The ma t r i ces  of par t ia l  derivatives 
B a r e  computed using the e r r o r  model 

Gi 

equations of the following section. The 
nominal acceleration profile is ,used for this  
purpose s o  the part ial  derivative ma t r i ces  
a r e  valid only a s  long a.s the t rue  t ra jec tory  
does  not differ greatly from the nominal. 
However, for post flight evaluation the 
par t ia l  derivatives a r e  usually computed 
using inflight measurements  of acceleration 
s o  this prol>lcnl docs not exist. 

Each BG matr ix  has  dimensions 3 x k ,and 
the re  i s  one such ma t r ix  for  each t ime 
point considered. 

IV. E r r o r  Model Equations 9 

The e r r o r  model equations relate 
e r r o r s  in acceleration to the various 
e r r o r s  associated with the guidance plat- 
form. The most  complete e r r o r  model 
consists  of 30 e r r o r  t e rms .  However, 
the t ra jec tor ies  flown by vehicles -kSIfig the 
ST-124M platform during r e sea rch  and 
dcvclopmc.nt trst ing do not have significant 
c r o s s  rangc accelerations s o  that t e r m s  
proportional to the crosa-range accelera-  
t I d I '  I I I I ~ ~ I I I I ' U I I ,  OlI~tlr ~ ~ P I - I I P  fiollr('bn 
I1ctvv I ' f i ~ l !  t l l ~ l ~ l ~ l l l \ l ! l ~ ~ l  t \ i  I'V I ~ v I ~ I I v ~ * I ~  
I I I F I I ~ I I I I I ~ ~ ~ I I ~ ~ .  '1'11~ I * v ~ \ I I I  I *  t l~al  tlw l\it~nLwr 
of c r r o r  Lc r~ns  co~ls idcrcd has bccn rcduced 
to 18. The e r r o r  t e r m s  considered a r e  
related to e r r o r s  in the inert ial  accelera-  
tion by the equations 

k Z = B  + a  (6 t 6 t t 6  ..V t 6  V )  
z x Y Y y l x  x ylj ;  y 

- a  (6 t b x t t b .  , t + 6  :.V t 6  V )  
Y x  x l x  x l x  x XI? y 

where Aax, Aa , kt a r e  the e r r o r s  in the 
' Y  

iner t ia l  acceleration compm ents; and the 
sys tem e r r o r  pa ramete r s  (which correepond 
to the elements of the K matr ix)  a r e  
defined a s  follows: G 

Bi = biaa e r r o r  of the i-accelerometer 

Si = ecale factor e r r o r  of the 1-accelerometer 



6 .  = misalignment e r r o r  associated with have the effect of the other K-2 parametere  
1. 

rotation about the i-axis indirectly included. 

bi = platform constant drift rate about the P ij is similar to Pij,  but i t  is computed 

i-axis from the W K ~  (=CKG-1) matr ix  and i s  a 

M..  = non-orthogonality between i and j axes measure  of the dependence of the ith para- 
1J (positive if axes form an angle greater  than mete r  on the jth paTameter when the other 

90 degrees) K-2 parameters  remain fixed. 

6 i/j.. = platform "g-sensitive" drift  about the 4 is  designed to show to what extent the 
i-axis due to acceleration parallel to the 
j-axis effects of the ith parameter can be re-  

presented by a combination of . all.,other .:. 

The partial  derivative elements a r e  the time parameters.  
integrals of the coefficients of the e r r o r  t e r m s  
in ccluations (8). The equations for  the computation of the 

(.or rrl41I lo11 c.t~c-l'l'lcIr~rt# cr re: 
' J ' l lc :  t~~; l l l~c: t~~;~t ic ; l I  c r r o r  rnodcl dc- 

scribed in the preceding paragraph was 
derived for the ST-124 platform currently in P.. = 
use on Saturn vehicles. A detailed 

1J 

mathematical development may be found in 
Reference 9, in which small-angle assump- 
tions were  not made. Equations (7)  rep- 
present  the result  of assuming small-angle I 

e r r o r s  and simplifying the results obtained P = 
in  Reference 9. i j  

V. Success Paramete r s  6 

and 
It has bccn statcd that certain 

problems occur in the estimation procedure 
that have not been fully resolved. This pit= 1 -  1 
section presents definitions of several  i (C ) (W ) 
"success" parameters  designed to determine ii KG ii 
the success with which the platform e r  o r  
parameters  have been estimated. 

F 
The correlation coefficients should 

indicate cases  in which trouble i s  expected. 
Correlation Coefficients In the case where eithcr of the correlation 

coefficients i s  unity, no solution to the 
Thrce different correlation coefficients a r e  problem exists since some of the matr ices  
computed. These are:  to be inverted will be singular. In cases  

where the correlation coefficients a r e  
P i j  = ordinary correlation coefficient, large  there i s  a possibility of compensating 

1 e r r o r s  being introduced into the solution. 
fJ.. = partial  correlation coefficient, 

1J 
I I  F i g u r e - f a e r i t  Parameter  

p i  = multiple correlation coefficient. 
Thc figure-of-merit pararnetcr is 

0 . .  i s  dcaigncd to show to what cxtcnt tht! tlcsigricd to show thc relative cffcct of the 
-ef?@?t%--of the ith parar c tcr  canlw rt?prcsc.ntcd preflight data and thc in-flight data-on the 

t K by the cffccts of thc j parnmctcr o r  vicc solution for tha c r r o r  paramctcrs.  This 
versa .  Howcver, the Pij a r c  computcd uning ~xirnnicter  ie  dcnotcd by (FM)i and is 
tllu cpvariance matrix,  C ancl ;IH it rcw111t cornputod according to 

KG' 



There  will be one such parameter  for each 
of the e r r o r  model parameters .  The values 
range from 0 when the flight data have no 
effect on the solution to 100 when the pre-  
flight es t imates  have no effect. A value of 
29. 3 indicates that the flight data and the 
preflight data contribute equally. A value of 
10.6 indicates that the preflight es t imates  
contribute twice a s  much a s  the flight data so  
t l ~ d t  ~ ~ i i ~ . i i ~ i i e t e r e  will] d C i K ~ ~ r n - o f - ~ ~ ~ n r i t  I ~ u u  
I I I J I I I  10, f, '11,- 111'11 I I I I I ~ I I I I - I ~ I - I I  1 1 1  111- 111111-10- 

I I I I I I I , I J  I t y  1111. 1 1 1 ~ 1 1 1  l l i ~ l i * ,  A V ~ I I I I ( U  111' ' 11 ,  I! 

Irlrll~.;llnn 111;11 111(* I ' I I K I I L  cl;il.ii c ~ o t ~ l r \ l ~ ~ ~ l . c ~ s  
twice a s  much a s  the prcfliglit cstirnatcs so  
that  pa ramete r s  with a figure-of-merit 
l a r g e r  than 53. 2 will affect the solution even 
though high correlat ion with other para-  
m e t e r s  exists. 

Thc:nc* nulrrcrici~l viilucs ;I rc! obtained 
by noting the variance relationship 

1 1 1 
2 2 2 ' 

O i  total = Ui flight + Ui preflight 
(11) 

which holds whon a single pitramrtcr i s  
estimatc:d o r  whc:n there  i s  no corrc:l;~tion 

is the  refl light est imate of the stan,dard 
deviatipn of the ith e r r o r  parameter  and 

(C ) ,< i s  the standard deviation resulting 
KG .I1 

f rom the estimation process .  

'JI. Numerical Results  

In this section a numerical  tes t  c a s e  
is examined to show the approach followed 
in trying to determine a method for 
detecting and circumventing the previously 
l isted ~ r o b l e m a r e a s .  F o r  this tes t  case  a 
s e t  of typical numerical  values for the ' e r ro r  
pa ramete r s  was used with the part ial  
derivatives generated for  a p a r t i c ~ l a r  flight 
to  generate a se t  of manufactured AV1s. The 
nominal teat  caec was then computed using 
these  XV'e and BGie with typical value6 for  

Wand  WK . The " a p r i o r i "  es t imates  
Go 

for the e r r o r  parameters  were  chosen to be 
one-tenth the values used in manufacturing 
the zV1s.  The nomi?al case  data was then 
varied to determine the part icular combina- 
tion of tes t  data that yielded the c loses t  
agreement with' the known solution. The 
success  pa ramete r s  were  a l so  computed 
in  an  attempt to determine their  
effectiveness. 

F igures  1-4 show the behavior of the 
es t imates  of four of the e r r o r  para-  
m e t e r s  a s  the relative weight of the flight 
data i s  tlecrnased (tlria decrease  in weight 
4 1 1  Il1n l l l ~ l l l  lldl't l u  d l ~ * ~ l i l i l ~ l l l u l i ~ ~ l  lay 
I I ' I > I  I * V ~ I F I \ I I ~  l l 1 r7  v i1111r -  ( 1 1  l l ~ t -  C :  l ~ , ~ r a t ~ \ ~ ~ I r r m  
t i l '  I I I ~ I I ~ I I I I I I I  I ) .  ~ ~ ' I ~ I I I * ~ ~ ~  ' * - t {  M I I ~ I \ V  l \ i v  

t-c.curslvc (It-vt.lol~~r~c-111 ol' llic s;\trrr pi1 tea- 
me te r s .  One would suspcct  that for l a rge  
relat ive weighting of the flight data the 
est imate would approach the t rue  solution 
while for small  relative weighting of the 
flight data the est imate would approach thr 
I1a priori" value assipncd to tlrc paramctr 
l'lris i s  tllr observed bcllavior. 

I-Iowcvcr, for intermediate values of 
the rclntiv? weights the est imate i s  not 
;I w~ightc t l  nvcraEc of tlrr cxt rcmc values 
a s  onc worlld suspcct but somc of the 
csstitn.ltcs dcviiltc sharply from this type 
o l  bc-lr,~vior. A cnrcful study of the values 
o i  tllc various succ r s s  para tnctcrs  gives 
no indication that they can predict this odd 
behavior. Similar resul ts  a r e  shown for  
the recurs ive  development of the para-  
me te r s .  These curves  essentially show 
the effect of varying the relat ive weights 
of the flight and preflight data since 
including more  flight data in the computa- 
tion reduces the relat ive effect of the 
"a priori" data. This behavior i s  probably 
due to a combination of the f i r s t  two 
problem a r e a s  given i n  the introduction, 
but the success  parameters  apparently 
do not provide a means  for predicting the 
behavior. F igures  9-12 show ;tfie behavior 
of the  multiple correlat ion,  Pi, and the 
Figure  of Merit, FMi, for  a typical para-  
me te r .  The behavior was  the same  for a l l  
platform e r r o r  parametere  so  the resulte 
lor  only onc caec  i e  ncedcd. 



VII. Conclusion 5. 

The  fa i lu re  of the s u c c e s s  p a r a -  
m e t e r s  to  p r ed i c t  the behavior  of the e s t im-  
a t e s  of the  p la t form e r r o r  p a r a m e t e r s  for  th i s  
idea l  manufac tured  data c a s e  ind ica tes  that  
they wil l  be  of l i t t l e  value i n  analyzing the 
r e s u l t s  of a r e a l  data  c a se .  However, the  
r e s u l t s  obtained do indicate  that  the e s t ima -  6. 
t ion  technique employed i s  val id under  
c e r t a i n  conditions. These  a r e  (1) tha t  a n  
adequate  e r r o r  model  be u sed  i n  the ana lys i s  
a n d  (2) that  the flight data  and  the prefl ight  
da t a  be used  a s  two s e p a r a t e  de te rmina t ions  
of the e r r o r  p a r a m e t e r s  to be combined 7. 
using engineering judgment a s  to the i r  
v , ~ l i t l i t y .  'I'llt. 1>ro11lt.111 ol n l ~ l ' i i n i n y  411 

c i l ~ t ' l ~ l l d ~ * '  I I I I l l '  l l l ~ l l ~ t ~ ~  I dl1 1 1 ~  I ~ I I ~ ~ J W I ~  ~ 1 1 1 '  rl 

Y ~ V P I I  RYRIPI I I  l ~ y  ( U I I R L R I I I  I .PPV~I I~RCI I ) I I  III 
l ight  of the  r c su l t s  obtained. The s epa ra -  
tion of the flight data  e s t ima t e  f r o m  the p r e -  
flight e s t ima t e s  c a n  be solved by ass ign ing  
high re la t ive  weight to  the flight data  a s  was  
done i n  th i s  t e s t  c a se .  8 .  

The p rob l em of co r r e l a t i on  will 
usual ly ex i s t  and  probably c a n  be solved by 
s o m e  i t e r a t i ve  method of fixing one  pa r a -  
m e t e r  and solving for  another  using the 
va lues  of the co r r e l a t i on  coeff icients  a s  a 
guide. F u r t h e r  invest igat ion of th i s  p roblem 9. 
w a s  beyond the scope of the p r e sen t  work  a s  
w a s  the  problem .of non-linearity. 
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F ' = 3.3 (nominal) X 
Dashed l i n e  denotes correct  solut ion 

Figure 1 - Estimate of BX as a Function 
of Relative Weights 



Figure 1 - ~s$imate of BX as a Function 
of Relative Weights 
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Figure 2 - Estimate o f 5  a s  a Function 
X 

of Relat ive Weights 



Figure 2 - Estimate of SX as a Function 

of Relative Weights 
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Dashed l ine  denotes correct solution 

. 
Figure 3 - E s t i m a t e  qf sy as a Function 

of Relative Weights 



Figure 3 - Estimate of -6 as a Function 

.of Relat ive Weights 
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Figure 4 - Estimate of MYZ as  a Function of 
Relative Weights 



Figure 4 - ~ s t i m a t - d  of MY2 a s  .a Fuzlction of 
Relative, Weights ' 
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Figure 5 - Recursive Development of BX 



Figure 5 - Recursive Development of BX 
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Figure 6 - Recursive Development o f &  



Figure 6 - Recursive Development of 6 X 
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Figure 7 - Recursive Development of 6 
Y 



Figure 7 - Recursive Development of 6 
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Figure 8 - Recursive Development of MYZ 
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Figure 9 ' -  Typical Value of ~ u l t i ~ l e  
Correlation as  a Function 
of Relative Weights 



Figure 9 - m i c a 1  Value of Multiple 
Correlation as  a Function 
of  Relative Weights 
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Figure 10 - Typical Recursive Development of Multiple 
Correlation 
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Figure 11 - Typical Value of Figure-of-Merit 
as a Function of Relative Weights 



Figure 11 - Typical Value of Figure-of-Merit 
as a Function of Relative Weights 
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Figure 12 - Typical Recursive Development of Figure-of -Merit 


