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ABSTRACT

Some battlefield models have a component in them which models the time it takes

for an observer to detect a target. Different observers may have different mean detection
times due to various factors such as the type of sensor used, environmental conditions,

fatigue of the observer, etc. Two parametric models for the distribution of time to target

detection are considered which can incorporate these factors. Maximum likelihood esti-

mation procedures for the parameters are described. Results of simw.01 t'"-' experim'=:.ts
to study the small sample behavior of the estimators are presented.
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I. INTRODUCTION

Some battlefield models have a component in them which models the time it takes
for an observer to detect a target. A common model is that the time to detect a target

is a random variable having a distribi'tion P,(l - e-1), [Ref. I]. However different ob-
servers may have different mean detection times due to various factors such as the type
of sensor used, environmental condition, fatigue of the observer, etc. In this thesis we

will consider two py-ametric models for the distribution of the time to detection which
can incorporate these factors.

Suppose there are M observers, such as tank crews. Observer iis presented with N,
targets. In Chapter 2, observer i has a parameter A, which reflects the ability of the

observer to detect a target. The parameters of the M observers. A,. ,2. "3 . . . . . . .,. are
assumed independent having a coninon gamma distribution. Given A,. the detection

times of observer i are conditionally independent, having Weibull distributions. In
chapter 2 the parameters of the conditional Weibull distributions are assumed known
and interest is in estimating the parameters of the gamma distribution.

In chapter 3 observer i has explanatory variables x., x,, x 3. ... x,, relating to his
j target representing factors which influence his time to detection. The detection times

for the observers are independent random variables having Weibull distributions. The
location parameter of the Weibull distribution for the detection time of thef': target by

the i" observer is of the form u, = c- ' mhere x J' =Lx.,fl, : the shape parameter is of
the form c-;. Interest is in estimation of {/i4 and {.} V

In both chapters the data for the observers can be censored. The i" observer has an
opportunity time 0, to detect hisj target. If thef' target is not detected in time 0.. the

time to detection is censored. Data for the i1 observer consist of'( possibly censored
times to detect the X, targets.

Chapter 2 and 3 present iterative procedures based on maximum likelihood to esti-
mate the parameters. Results from simulation studies of small sample size behavior of

the estimators are given.

These models and estimation procedures should be of eventual use in the Army

MANPRINT program, an objective of which is to better understand the human con-
tribution to battlefield performance [Ref. 21.



II. A HIERARCHICAL MODEL FOR TIMES TO DETECTION

A. MODEL

Suppose there are M observers -who attempt to detect targets on a battlefield. Ob-
server i has a parameter A, , i= 1.2,3.....i, which reflects the ability of the observer to

detect a target. Observer i is presented with N, targets. The targets are presented one at

a time. Let L_; be the time it takes for observer i to detect target J. Assume, given

A=0 . the U,.j = 1,2,3..... V. are conditionally independent random variables with

Weibull distributions

P1<I <- ! 1 .4, = = 1 - exp f- O/x e} 1>0 (2.1)

independent of other observers.

Further. assume the parameters A,, i 1.2.3.. are independent identically dis-

tribuLted having a Ganmma distribution with density function as follows:

g(O) = . e (2.2)

where 0 > 0. The .4, variations are introduced to represent individual observer differ-

ences. Now let

Z;; = In U ,

It follows that

P{Z_< z ' A, = 0'= P U 2' .j = O0

1 - exp{ - O[ exp(z - in u.)] e-  (2.3)

Hence. the conditional density function of Z_. given A, = 0 . is

J o) = o exp (z - in u ) e exp{ - O( exp{€: - In p.Q)- -j)] (2.4)

When the i(" observer is presented with his j:*. target. he gets a length of time called

opportunity time ) to detect it. An observer either successfully detects the target within

this time or i, unsuccessful. Data for the i: observer consist of times of detections for



the successes and the lengths of opportunity times for the failures. For each i =

1.2,3,...,%1 , j = 1,2,3 ...., , let

YY = min( In U',, In O,) (2.5)

and

Aij = II ifUjj-Oj (2.6)
otherwise .

The Y, are the censored In-detection times and A,, is an indicator of whether or not the

In-time to detect thejh target by the it' observer is censored. Let

.,

c = A.. (2.7)
j= 1

be the number of targets detected by observer i.

In this Chapter we will assume {pi} and {J.} are known constants. We are interested

in estimating the parameters q and P?0 with o. el and -ePo using maximum likelihood.

These parameter estimates can be used to predict future times to detection for an ob-

server given his past performance. In the next section we describe a Newton - Raphson
procedure for solving the likelihood equations, [ Ref. 3]. [ Ref. 4]. In the final section of

this chapter we describe a simulation experiment to study the small sample properties

of the estimators. Results of the simulation are also presented.

B. ESTIMATION

1. The Likelihood Equation and Maximum Likelihood Estimates

Given A, = 0 , it follows from equation (2.3) and (2.4) that the conditional like-

lihood function for observer i using the censored In-times y,, is

.: ) = }[Oe -. 11 ,e -eA]A, e[- 0x', np,)e (2.s)
1=

Let

3



A.

Si = Zexp[Cvlj - In p,1)e- '] (2.9)
j=1

Rewriting equation (2.8)

--0) = 2.o exp{A exp( - OS))

= oC' exp( - OS)

where

K_ exp7Aj[(v - In pj)e- _]}• (2.11)

The unconditional likelihood for observer i is

Li(Mu. , , y/) = Lj(g_, ; 0) g(O)dO

C-1
-~C - 1

=JK~~i( +')yJ1 ., + k)
k=0

C-1

If C, -0. then 1 ( + k) 1. Recall the parametrization of. = e" and -i. - elo . The un-k'0

conditional In-likelihood function for observer i can be rewritten as

In Lj(p2 .1 ilo) = In KI + e"7+ floi7 - (Cl + e + "0) ln(Si + e")

C, -1 (2.13)

+ ln(e" 0 + k)

k=0

C, - I

where if C, = 0, then V_ ln(e-Oo + k) = 0. Since the observers are independent, the un-
conditional In-likelihood for all M observers is

V f C, -1

In L = In K + e+ - (C1 - e'(CI+e+)lnS) + e'7) + ln(e' +l +k

4



(2.14)

The derivative of the In-likelihood with respect to ?7 is

-nL e7+ol + - e-7+  i + e ' en

= c-1 (2.15)

+7 e"+
Se o +k )

The derivative with respect to fl, is

1\) L, 7+ - ;- 60

In e ?= SSeifi-c e+p~.~',\ 1n(Sfle (2.16)

'=1 k=0

We are assuming {,} and {.,} arc known. The problem is to find the maximum likeli-

hood estimates of q and f that is. find n and ,B such that ln L = 0 and C In L = 0.

Note that

?1n - 1n!. ' Fe o - i ( 7 c '  .](2.17)
el I0 L L + e

Thus, if In L -0, then to solve the equation e In L =0 , we need to solve the

equation



M

e 7.'F +,60 C + e"+ foe0 fo)zL I S+ en
i=1
A4

e7+ f(SI + e") - Cie'7 - e2n+ ,0 (2.18)

Si + e
i= I

Ze- (el°Sj - C1)
e?+eSi + e"r

i=1

The derivatives offiq, f) with respect to il and fl, are as follows

ef Q (eP oS - C)e

i=1

1!

C1 = e ) (2.10)

r o S i --t -e

Solving the equation -' I n = 0 is equivalent to solving the equation

.If C, -1

0 = g ,ro) - ln (S j + e 7) + I Iq I .'.

i=1 k=O

The derivatives of g(P7, #,) with respect to qj and fl, are

Af C, -I

eg Z 1 S1 +e'17 (e 7+  0 ] (2.22

6?+ 13=



M C, -

e/30 (e+ to + k)2

i=1 k=O

where if C, = 0, then the sum involving C, - I is zero. A Newton procedure to solve the

equations I = 0 and = 0 would use the following equations

cf

C q e./3o

0 0 fl - l0)flo)

= flo./3 + - I (n - 7/°) + ")3 A(Po/o) (2.24)

• , 0 0.-

g(,, )+ g(,7 AD ag(,,. A
00 0 (7- )+ flo - #o) (2.25)

C17 e&

where ?11 and/3l' are current values for and fl, However note that iff(I fll, ) =0. then

= -0. Hence. a Newton procedure that is more stable numerically% wo'dAeh

C11l

equations

o n( , ° ./3 fi
0 = A?7° ,- #u) + ?/o (flo - #0,) (2. 26)

0g= g°" fo + ,t (,1 - ?I ""

which results in

7 0. flo)

-l -O ° ro (229-- - q = fl" , 0

2.~~ Initial Codiio

In this subsection. we describe a rough way to provide initial estimates oft?7and



fl0 to start the iterative Newton procedure of the previous section.

The uncensored random variable U, has the same distribution as
H|'i

Ij = uij( U )e', (2.30)

where W,. is unit exponential random variable. Let

4U= in 'i
= I n A(2.31)
=In aii + e' In IY -el InA

then

E[ In WI,] = - 0.5772 (2.32)

2
'AR[ in IVt,] 2- (2.33)

Ref. 5: p.943 J. An approximation to the moments of In A, is given by the first two

terms of a Taylor expansion of In(A,) about the mean E[A,] =

.7 1
ln(A,) - In( - ) + -7,-- (Ai - T ); (2.34)

thus

E[ In Aj -In - ; (2.35)

VAR[ In A] -(-+ )2 VAR[Aj]/

.2 (2.36)

Let

vi' = (Zij - Inuj)e "' (2.37)
= In IVUj - In .4i

Hence,



E[ VI'] = -0.5772 - (In - In o.) (2.38)

'AR[ V..] = IAR[ In ff/J + VAR[ In Aj] - 2cov( In WY,, In A1)2r (2.39)
- T 1

6 Y

Rough estimates of the first and second moments of V, are given by

M *;

Z Z jj(Zj, - In uij)e-
A i=1 j=1

= =. (2.40)

i=1 j=1

and

AfA,

1=1 j l

Recall the parametrization

of. =e ," (2.42)

e e (2.43)

Thus

= eef (2.44)

and

LT i= -0.5772 - In y + In a
= -0.5772 - [?7 + 9b] + (2.45)

-0.5772-



2

2 (2.46)

6+

Equating the rough estimates of the moments of VU with the mean and variance of 1)
we obtain initial estimates

Af= - A - 0.5772 ; (2.47)

-2
If A' I- (.. - < 0, we set + =- flo. The latter condition usually occurs in the

simulations indicating that a better initial condition might be found.

10



3. Implementation in Simulation
The following flow diagram describes one replication of a simulation exper-

iment.

SET CONSTANTS

GENERATE RANDOM VARIABLES

EXPONENTIAL ( 1-), GAMMIA ( A,)j= ,,

COMIPLIE UNCENSORED DEl ECi ION 1 INIE

YES ii',<IQNO

C = ,1  =nim(In 1111, <n In

ia-, In EQ (2.40) njid (1.41)

0 l1 -(.5772

YES voNO

COMIPUT E j mid il1,a In EQ (2.28) and (2.29)

FSET~'~ P=i

lfiflINO
YES

STOP



C. SIMULATION PROCEDURES AND RESULTS

1. Simulation

All simulations were carried out on an IBM 3179 G computer at the Naval

Postgraduate School using the APL GRAFSTAT random number package [Ref. 6].

Histograms of simulated estimates were produced by an experimental APL package

GRAFSTAT which the Naval Postgraduate School is using under a test agreement with

IBM Watson Research center, Yorktown. Height, NY. The simulation is replicated for

R = 100 replications. Each simulation experiment of 100 replications starts with the
same random number seed. The mean bias (M.B) and its standard error (S.E(M.B) ).

mean square error (M.S.E) and its standard error (S.E(M.S.E) ) from R = 100 repli-

cations are computed as follows :

R

= 2.49a

R,/'A'
S.E(M.B) = NRR- 2) ( - flu - MB)' (2.491,)

R

.If.S.E= 1 )2.- "

R

R ,,

S.E(MI.S.E) = --R' 2) -,3)2 - I..S.1) 2. 5(fN

1=1

where f, is the point estimate of the true value ft for the ith replication and R is the

number of replications.

The simulation experiment to study the sampling properties of the estimators

of q and f0 is as follows.

I. Give arbitrary constants for p,, and p, ( p., = 4.2 , 0)

2. Set the same opportunity time . 0,_ for M observers. i = 1,2.3... ..
.V.. The constant opportunity time is changed to give different censoring levels. The
different values for 0, arc 10, 25, 40.

12



3. Generate gamma random variables for M observers ( A,.A 2, A3 ...,AM with shape pa-
rameter y = 1.5. scale parameter a = 6.5 ).

4. Generate independent exponential random variables with mean 1 ( I ,, i =
1,2.3 ..... M . j = 1,2.3...... Y, ).

5. Compute the detection time L',, for observer i to detect targetj

U j= 22j("' )4A j

6. Compare In 1". with In 0,,, then choose the smaller one for the data

)I,. = min( In t1 , In Oi )

and compute the censoring indicator A, as in equation (2.6)

7. Compute the moments 3t and .11 for the observations that are not censored as in
equation (2.4W) and equation (.2.41).

S. Compute the initial value for ?I and P, as in equation (2..47" and equation (2.4S)

9. Use equation (2.28 and (2.29) to find new values for 77 and f0

1'. Iterate the procedure until the differences between successive values of 11 and f,
are small. ( le'- than 10

2. Results

In this section results from the simulation experiments will be reported. Simu-

lation experiments were done for various numbers of observers and targets and values

of the opportuniy time. The numbers of observers considered are M = 5. 15. and 30.

Ihe numbcrs of targets considered are .\ = 5, 15. 30* and 5n for each observer. For all

simulation experiments, the u = 4.2. . = 0. = 1.5 and Y = 6.5. From equations

(2.42 and t2.4.4) the true values of i1 and fl, are found to be l.S'IS and -1.46(,3.

I listograms of the differcnce between the estimates and the true values, ?, - q and -

1k are shown in Figures 1 through IS of Appendix A. For Figures I through 6. 0 =

If: for I igures 7 through 12. 0.. = 25: for Figures 13 through IS, 0,. = 40. T he fraction

of detected level or uncensoring level ( UC ) for R replications of each simulation is de-

ternuned by following equation

R 'V/, ,
13= (2.51)

13



where Q(r) is numbers of targets detected by observer i in the r1 replication, %,(r) is the

number of targets presented to observer i in the rh replication. The UC's for the simu-

lations using the same opportunity time are then averaged to obtain the mean UC for

that opportunity time. For each Figure of Appendix A and B, the mean uncensoring

level for the opportunity time is given in parenthesis. Mean bias and mean square error

are recorded in tables 1 through 9 for each of the estimators; their standard errors appear

in parenthesis below. Tables 1. 4 and 7 present all of the means and standard errors for

different opportunity times. The other tables present the same results in a more con-

venient fashion; the mean biases are displayed with the mean square error in parenthesis.

For each Table, the opportunity time(O) and average uncensoring level(UC) for that

opportunity time are given at the top of table.

" Results for ,'
The histograms of 1) - ?7 are centered about 0 with a slight amount of

skewness to the right. Increasing the opportunity time, which results in les cen-
soring. has very little effect on mean bias and mean square error. IncreasIng the
number of targets for a fixed number of observers has some tendency to decrease
the mean square error and bias. Increasing the number of obser\crs for a fixed
number of targets has the greatest effect on decreasine the mean bias and mcan
square error.

* Results for ,
The histograms off), - 1L3 are centered around ) with some skewness to the

left. Once acain changing the opportunity time has little efli'ct on mean bias and
mean square error. Changing the number of targets for a fixed number of obsCr\ -
ers also has little efect. Increasing the number of observers for a fixed number of
targets has the greatest effect on decreasing the mean bias and mean square error.

14l



Table 1. MEAN BIAS, MEAN SQUARE ERROR AND STANDARD ERROR AT
0= 10 AND UC= 37%

Number of Number of ',
Observers Targets M.B M.S.E M.B M.S.E

(S.E) (S.E) (S.E) (S.E)

0.79 2.04 -0.07 0.36
(0.12) (0.17) (0.06) (0.09)

15 0.58 1.33 -0.08 0.25
5 (0.11) (0.15) (0.05) (0.05)

0.42 0.97 -0.12 0.19(0.09) (0.12) (0.04) (0.03)

50 0.-43 0.68 -0.05 0.14

(0.()7) (0.08) (0.04) (0.( 3

(). 19 0.81 -0.02 0.12
(Q.09) (0.1(J) (0.03) ((.02)
(.19 0.72 -0.l 0.07

15 - _11 0. 1)

35 (0.0S) (o.01) (0 .3) (0.01)

0.14 0.23 -0.02 0.06
(0.05) (..0) (((.03) (().01)

0.29 0.54 -0..3 0,;5
(0.07) (0,1 (1) (().((2 (().(1]!

O.o13 0.21 -((1 .(I3

155

()((5) { 0.04..) (01. 2) (((.(,I

(.(. 1 (0) -, .( ( 4 0.02
((L.(3) ((l 1' ((.0 2 (((.A)(3)
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Table 2. MEAN BIAS AND MEAN SQUARE ERROR AT O = 10 AND
TC= 37%

.1LBM.S.E) for
5 TGT 15 TGT 30 TGT 50 TGT

50BS 0.79(2.04) 0.58(1.3) 0.42(0.97) 0.43(1.68)
15 OBS 0.19(0.81) 0.19(0.72) 0.09(0.20) 0.14(0.23)

30 OBS 0.29(0.54) 0.13(0.21) 0.08(0.09) 0.01(0.09)

Table 3. MEAN BIAS AND MEAN SQUARE ERROR AT O = 10 AND
UC= 37%

M..I.S.E) for _o

5 TGT 15 TGT 30 TGT 50 TGT

50BS -(.()7(0.36) -0.OS(,25 ) -0.12(0.19) -0.05((0 14)
15 OBS -0. 2 0.12) -n.0090.' -0.o7(0.07) -0.02(0.0,

3 ()OiS - o ).o 05 I -o.11) ()31 -0.04(0.03) -0.0 ))4 .2)
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Table 4. MEAN BIAS, MEAN SQUARE ERROR AND STANDARD ERROR AT
0=25 AND UC=62%

Number of Number of
Observers Targets M.B M.S.E M.B M.S.L

(S.E) (S.E) (S.E) (S.E)
0.83 2.23 -0.06 0.25

(0.13) (0.23) (0.05) (0.07)
0.52 0.97 -0.08 0.201 (0.08) (0.14) (0.05) (0.04)

5
30 0.47 1.00 -0.12 0.18(0.01) (0.14) (0.04) (0.03)

(1.47 0.76 -0.05 0 13(0.0) (0.10) (0.04) (0.02)

().2() 0.55 -0.01 0.09
(o.07) (0.0s) (0.03) (0.) I

0. 15 0.29 -).01 0.07

15 (0.05) (0.5) (.3) (0.01

0. 1 0.20 -0.06
(0.04) (0.(3) (0.03) (0.01)

50 0.10 0.23 -0.12 0.06( ).(5) (0.04) (0.03) (0.01)

0). 17 0.37 -0.03 0.04
(0._06) (0.12) (0.02) (0.01

15 0. 13 0. 18 -0.05 0.03
___________ (1)(4) (0.0)3) (0.)2) (0.01)I

(0).0)3) (0.01) (0.02) (. 1)
5()(.Ij) I 0. 10. 0.02 0.0i2

__(().)3) (0.01) (0.02) ().()

17



Table 5. MEAN BIAS AND MEAN SQUARE ERROR AT 0=25 AND
UC=62%

AI.B(M.S.E) for

5 TGT 15 TGT 30 TGT 50 TGT

5 OBS 0.83(2.20) 0.52(0.97) 0.47(1.00) 0.47(0.76)

15 OBS 0.20(0.55) 0.15(0.29) 0.10(0.20) 0.16(0.22)

30 OBS 0. 7(0.37) 0.13(0.18) 0.09(0.08) 0.008(0. 10)

Table 6. MEAN BIAS AND MEAN SQUARE ERROR AT 0=25 AND
UC= 62°o

M.B(A..S.E) for f_
5 IGT 15 TGT 30 TGT 50 TGT

5OBS -0.06(0.25) -0.0S 0.20) -0.12(0.18) -0.05(0. 13)

15 OBS -0.)I(0.09) -0.007( 0.0T ) -0.06(0.06) -0.02(0.01)

30 OBS -0.03(0.( 4) -0.005((0.03) -0.03)0.03) 0.02(0.02)
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Table 7. MEAN BIAS, MEAN SQUARE ERROR AND STANDARD ERROR AT
0=40 AND UC=75%

Number of Number of
Observers Targets M.B M.S.E M.B M.S.E

(S.E) (S.E) (S.E) (S.E)
5 0.89 2.22 -0.06 0.20

(0.12) (0.28) (0.05) (0.04)

15 0.55 1.08 -0.06 0.18
5 (0.09) (0.16) (0.04) (0.03)

30 0.49 1.03 -0.12 0.18.30 (0.(9) (0.16) (0.04) (0.03)

0 0.61 1.71 -0.05 0.13
(0.12) (0.17) (0.04) (0.02)

0.24 0.70 -0.01 0.09
(O._S) (0.08) (0.18)( 3) (0.01)

15 0.17 0.29 -0.01 0.07

15 (0.05) (0.05) (0.03) (0.01)
3o 0. 12 0.20 -0.06 0.06

(0.04) (0.03) (0.03) (0.01)

50 0.35 0.19 -0.03 0.06
(0.04) (0.03) (0.03) (0.01)

5 0.13 0.24 -0.02 0.04
(0.05) (0.03) (0.02) (0.01)

15 0.20 0.55 -0.01 0.04(0.07) (0.03) ().02) (0.01)
30

30 0.16 0.68 -().()4 0.03
(0.08) (0.03) (0.02) (0.01)

50 0.02 0.09 + 0.01 0.02
(0.03) (0.01) (0.02) (0.01)
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Table 8. MEAN BIAS AND MEAN SQUARE ERROR AT 0=40 AND
UC= 75%

__.B(M1.S.E) for
5 TGT 15 TGT 30 TGT 50 TGT

5 OBS 0.89(2.20) 0.55(1.1) 0.49(1.00) 0.61(1.70)
15 OBS 0.24(0.70) 0.17(0.29) 0.12(0.20) 0.35(2.00)
30 OBS 0.13(0.24) 0.20(0.55) 0.16(0.68) 0.02(0.09)

Table 9. MEAN BIAS AND MEAN SQUARE ERROR AT 0=40 AND
UC = 75%

5 IGT 15 TGT 30 TGT 50 TGT
5 0BS -0.06(0 .20) -O.06(0.1 S) -0. 1210. 1 S) -0.05 0. 13)

15 OBS -0.007(0.09) -)0(9.07 -0.06((-.0-)6) -0.03(0.06)
30 OBS -0.02 0.4) -0.0](0.04) -0.04(0.03) -0.01(0.02)
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lII. A WEIBULL REGRESSION MODEL

A. MODEL
Suppose there are M observers. Each observer is presented with A, targets. Let U,

be the time it takes for observer i to detect targetj . Let x,A , x,.- , x,... x,, be the values

of explanatory variables which may effect U,, ( e.g., terrain, atmospheric conditions, fa-

tigue etc.)

Assume that U, are independent random variables with Weibull distributions

P -< ,} = I - exp[ - (te AE) e -.

1- exp[ - (t/iy)e] (3.1)

where u. = e-,.' with

p

-, = xijkf . (3.2)

It follows from equation (3.1) that the distribution of the In-detection time is

P{ In 5j _ ,j = <

= I - exp{ -et 4:1~ (3.3)

= 1 - exp{ - exp[(t - xjf_)e-}

The derivative of equation ( 3.3 ) with respect to i is following

P{ In C c- dt} = exp{ - expL(, - xijg)e -]I expli, - " e-)

= exp{ - exp[(t - _,rj)e- L exp{(r - .r1 fl)- {' •

When the i°h observer is presented with his j14 target, he gets a length of time called an

opportunity time 0, to detect it. The observer either successfully detects the target

within the opportunity time or is unsuccessful. Data for the P; observer consist of times

of detections for the successes and the lengths of opportunity times for the failures. For

each i ,.,3.. , j = 1,2.3 .... N , let

Yi; = mini In U, . In 0,') (3. 5
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and

A if U < Oij (3.6)
=0 otherwise

The Y, are the censored In-detection times and Aj is an indicator of whether or not the

In-time to detect thej" target by the ill observer is censored. Let

N,

Ci = z. A. (3.7)
j=i

be the number of targets detecctd by observer i. The next section of this chapter will

discuss estimation of the parameters {flj [Ref. 4]. These parameter estimates might be

used to predict future times to detection for an observer given his past performance. In

the last section of the chapter results of a simulation study of the estimation precedure

will be given.

B. ESTIMATION

1. The likelihood Equation and Maximum Likelihood Estimators.

The likelihood for the irA observer is

Li~fl. Z) eXp'rATr(y - /jf)e _ - 7jl! expf - expFv.- - cxfl)e_ ('T t3.8)

j= I

The in likelihood for the i." observer is

In Lfl. ) = '{Aj[(v'I - xr)e-' -, - exp[(y, - '-j ; (3.9)
j=!

Since the observers are assumed to be independent, the In likelihood for all observers is
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In L(#, -) En L,(_#, f)
i=1

.f \;

.Z Z Aj(yj - xjjL)e - ' - - exp[(yij - -_le - ']}

(3.10)

a. Newton's Procedure to solve for P,

The partial derivative of equation (3.10) with respect to/f, is

M A,
.J.In L (f. )= .{A%{(- xjk)e - exp[(y., - xfi)e "- xuke

-- j=i
i= =1 (3.11)

= - a, + expr(y.. - xj )e- 91 }Xjk

1=1 j=i

A Newton procedure to solve equation (3.11) for , assuming {¢,) known uses the second

derivatives

. - exp[CY - Xzij)-c- ]xihe :.!'ijke . (3.12)

=1 l

Let

w= . exp[lvi - xij)e - '] ; (3.13)

Uijh -- Xijhe "'Vwi (3.14)

The Newton procedure to solve equations (3.11) for ,g can be written as

23



0-- ./-- In L,(fl, e) -- Ivy w. u.

i--1 j=l

,kf Px

i=1 j=

Vii I *E lo

i=i j=l

which are of the form of the normal equations for Least Squares regression with de-

pendent variables

~Aj+ ti'] P
= - + ) Uhfih (3.16)Wi 4i-

h=l

and independent variables

Uijk = 1 xijijke  . (3.17)

b. Newton Procedure to solve for c.

The partial derivative of equation (3.10) with respect to ., is

--In Li(fl ' -- 7[{A 1Kvj. - 4,yfl)e- 1-I

-{ exp[(yi/- x1jfl)e-'}yu - a~ij)e- '( -I)}] (3.18)

=- C1 + Z ' - __,~fl)e- :'{- A.+ exp[vi, - _r~f3)e-:']}

==1

A Newton procedure to solve equation (3.15) for t, asumning fl known uses the second

derivative
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2 ,

C 'i j =L

+ -y , fl)e- { exp [C vjj - a jfl )e- ' - _jfl)e '( -f )}

CiQ -Z 0 - xjg)'e - exp[(V "ly- rijgl)e - ]

1=1

(3.19)

if -77- In L,(f, ) 0. Therefore the Newton equation for , is

NO =+l lL - + & Oij ,_)- - zi~ l J + exp[ ' - Ufl)e ~ 1 - ]
j=I

j= 1

(3.20)

where is the current value of . Solving results in the equation

.,

SC, 7- Y.~ e~' Ai, + expfy1, - xCifl)e -l

A', (3.21)
C_ _rj& !L2CP[- c,- Z {K o~ - .,ul .-:j2 cxp [% , - . ,;_,) .-"I

1I

2. Initial Condition

In this subsection. we describe a rough way to provide initial estimates of x..fto start the iterative Newton procedure of the previous section. It follows from equation

(3.1) that
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-I-exp[ - (t e4'e- )e- ] (3.22)

=, - exp[ - l-

Hence,

E[(Lj)ei - (3.23)

x fle-

and

In E_ L>)e 4] (3. 24)

As a result, for all the observed U,. censored or uncensored, we will put

e In U = .(3.25)

We will take { = 0 for convenience. Thus the initial value ofCfl0 for each observation
u~ is

xjfi = In u, (3.26 1

3. Recursive Procedure to find { aP)

1. Put = 0 for i = 1.2.3 ...... %

2. Compute the initial value
.ifl0 = e! In (3.27)

3. Iteration

a. Compute dependent and independent variables for regression
It j= exp{(v,, - airfl)e - '} (3.2)

'= Ii , Xt e- (dependent variable)

= ±l% fi. (independent variable)

Let
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U111 U 112 "" Ul p
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l .NI I N, I U IN, 2 U. . l .p

-21 U2 11 U 2 12  "" U21p

u2 ,21  u2.N22 U2.V2p

MI uM 1  U2 UMp

b. Compute regession estimates

= (.L')- uTz (3.29)

c. Recompute the initial value
r

x j- = Xijkflk (3.30)

d. Update as in equation (3.21)

N "-

- XjE)e I expF(v11 - 4E) ]

e. Put

0

PI kflk

f. Return to step 3

4. Iterate until the following conditions are satisfied

max , ') IE -4. k=1,2.3,....p
Jf? - 2



alid

4. Imiplemnentation in Simiulation

The following flow diagram describes one replication of a simulation experiment.

SET CONSTNIS

GENJERATE RANDOM VARIABLES 1 I....N.

NORMAL ( X,, I and EXP'ONENTIAL (1i.,) J =13.

F COMiPUIE DETECTION IIIE
~- iP~~1 U ,

A-1 U4 = q

YES In 11 < In 0,

A,) =,1 0

COM~PUi E INI IIAL VAL)E nsii EQ (3.28)
+ 4

COMIPUT E REGRESSION VARIA.BLES

F* Z frorn EQ (3.16) and (3.17)

COAIPIUiE REGRESSION EQt A I ION
p-(UtUI, tCZ

RECONIPU IE INITIIAL VALUE from~ EQ (3.241

CONIPI'lIE 1.
using EQ (3.21)
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C. SIMULATION PROCEDURE AND RESULTS

1. Simulation

The number of replications for each simulation experiment is 100. Each simulation ex-

periment of 100 replications starts with the same random number seed. The mean bias.its standard

error and mean square error, standard error of mean square error from R = 100 replications are

computed as in equations (2.49a) through (2.50b). In each of the experiments the number of

covariates for each observer is 2.

The simulation experiment to study the sampling properties of the estimators of (fl} and

, is as follows.

1. Give arbitrary constant values for the true values of fl and ,. In all the simulations l =

0.2. fl, = 0.3 and ., = 0.

2. The same opportunity time, 0, i = 1,23 ..... NI, andj = 1,2,3 ..... N,, is used for N1 observers.
The values of the constant opportunity time are 1.3, 2.5, 4.0.

3. Generate random numbers

a. Generate independent normal random numbers with mean I and variance 0.5. x. i =
1.2,3.....N J = 1.2.3 ...... \-.

b. Generate independent normal random numbers with mean 2 and variance 1 , x,.. i =
1.2.3 .... ] = 1,2,3 .-

c. Generate exponential random numbers with mean 1, If"", i = 1.2.3.I. . j 1.2.3....
.

4. Compute u., as follows

~j = exp(Pl;x;7 + fl2xj:) . (3.311

5. Compute the detection time U, that it takes for observer i to detect target j as

L'j =pla(W .Ii~
'  (3.32)

6. Compare In U,, with In 0, . then choose smaller one for the data

= min( n , In 0,)

and compute A as equation (3.7)

7. Compute the initial value as in equation (3.27)

S. Compute the values of the regession variables . z, and u,.k as in equation (3.16) and (3.17)

9. Compute regession estimates as in equation (3.29)

10. Recompute the initial value with new f value as in equation (3.30j

11. Compute -, as in equation (3.21)

12. Iterate the procedure until the differences between successive values of ft1. fl and {, are small.
( less than 10' ).

2. Results

In this section results from the simulation experiments will be reported. For R repli-

cations. the uncensoning level ( UC ) for an experiment is computed as follows i
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R Al

7 Cir)
UC- r=1 i=1

R VI

7 7.¥(r)
r=l i=1

where c(r) is the number of the targets detected by observer i in replication r and .N(r) is the

number of targets presented to observer i in replication r. The UC's for the simulations using the

same opportunity time are then averaged to obtain the mean UC for that opportunity time. Figures

19 through 45 show histogams of ( Pk " fik ), k = 1,2 and ( , - ). Tables 10 through 21 show

mean square errors and mean biases for each of the estimates, their standard errors appear in pa-

renthesis below. Tables 10. 14 and 18 present all the simulation results for different values of op-

portunity times. The other tabies present the same results in a more convenient fashion. The mean

biases are displayed with the mean square error in parenthesis: for each table, the opportunutv

time(O) and average uncensoring(UC) for that are given at the top of table.

* Results for P, and 92
The thistoaams for -fl, and fi2 - fl: tend to be somewhat cei.-ered around 0. For

small numbers of targets and observers the histoaams tend to be sliahtlv skewed to the left.
Increasing the observation time has little effect on the mean bias and mean square error. In-
creasing the number of observers for a fixed number of targets tends to decrease the mean
square error but has less effect on the mean bias. Increasing the number of targets for a fixed
number of observers decreases the mean bias and mean square error. The standard errors of
the mean biases mean square errors are large.

* Results for
The histoaams of Z. - C- tend to be centered about 0. There is a tendency for slight

skewness to the right for small numbers of observers and targets. Changing the opportunity
time has little effect on the mean bias and mean square error. The more targets there are for
observer i. the smaller the mean bias and mean square error for -,. The standard errors of the
mean biases: and mean square errors are large.
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Table 10. MEAN BIAS, MEAN SQUARE ERROR AND STANDARD ERROR AT
O= 1.3 AND UC=45%

Number of Number of fl2__ ,
Observers Targets M.B M.S.E M.B M.S.E M.B M.S.E

(S.E) (S.E) (S.E) (S.E) (S.E) (S.E)

5 -0.06 0.07 -0.02 0.03 -0.05 0.02
(0.03) (0.01) (0.02) (0.01) (0.01) (0.01)

15 -0.02 0.02 -0.02 0.01 -0.02 0.01
5 (0.02) (0.01) (0.01) (0.001) (0.01) (0.001)

-0.003 0.02 -0.02 0.01 -0.03 0.01
(0.01) (0.01) (0.01) (0.002) (0.01) (0.001)

-0.01 0.01 -0.01 0.003 -0.01 0.004
(0.001) (0.001) (0.01) (0.001) (0.01) (0.001)

5 -0.05 0.o2 -0.04 0.01 -0.02 0.01
(0.01) ,(01031 (0.01) (0.001) (0.01) (0.0o )

-0.U3 0.01 -0.02 0.003 -0.01 0.002
(0.01) (0.001) (0.01) (0.001) (0.01) (0.0003)
-0.01 0.01 -0.01 0.002 -0.01 0.002
(0.01) (0.001) (0.004) (0.001) (0.004) (0.0002)
-().01 0.003 -0.01 0.001 -0.01 0.001

(0.001) (0.1004) (0.003) (0.0004) (0.004) (0.0002)

-0.05 0.01 -0.04 0.005 -0.02 0.003
(0.01) (0.002) (0.01) (0.001) (0.005) (0.001)

-0.02 0.003 -0.02 0.001 -0.01 0.00130 ((.01) (0,00(4) (0.003) (0.0002) (0.003) (0.0002)

-0.01 0.003 -0.01 0.001 -0.01.4 0.00130
(0.01) (0 10004) (0.003') (0.0001) (0.003) (0.001)I

-0.01 0.002 -0.01 0.001 -0.01 0.0()I
(0.004) ,(.)0002) (0.001) (0.0001) (0.002) (0.0 0 1).)
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Table 11. MEAN BIAS AND MEAN SQUARE ERROR AT 0 = 1.3 AND
UC = 45%

.I.B .I.S.E) for fi,
5 TGT 15 TGT 30 TGT 50 TGT

5OBS -0.04(0.06) -0.02(0.02) -0.004(0.02) -0.003(0.01)
15OBS -0.05(0.02) -0.02(0.007) -0.01(0.005) -0.01(0.003)
30OBS -0.008(0.01) -0.05(0.003) -0.006(0.003) -0.01(0.002)

Table 12. MEAN BIAS AND MEAN SQUARE ERROR AT O = 1.3 AND
UC =45%

.1!.B.VS.E) for fl2

5 TGT 15 1GT 30 TGT 50 IGT
5 CBS -0.03( 0.02) -0.') 0.00- -0.02(0.005) -0.01)1)0(12
15 CBS -10 4( 0.00T7) .0.009(0.003 -0.01(0.002) -0.01(0.001)
30 OBS -C) '40 004) -0.01 (0.00o1) -0.01(0.001) -0.00 ,9 0.0l006)

Table 13. MEAN BIAS AND MEAN SQUARE ERROR AT 0 =1.3 AND
UC =45%

___'I.B).MI.S.) for _

5 TGT 15 TGT 30 TG - 50 TGT
5 0BS -0.05(0.141 -0.02(0.007) -0.02(0.005) -0.006(0.0r4)

15 013S -0.01(0.005) -0.00)(0.002) -0.005(0.002) -0.0OS(0.0011

30( OBS -0.020.002) -0.01(0.001) -0.004(0.0007) 0.0O(0.0(06
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Table 14. MEAN BIAS, MEAN SQUARE ERROR AND STANDARD ERROR AT
0=2.5 AND UC=75%

Number of Number of /2
Observers Targets M.B NI.S.E M.B M.S.E M.B M.S.E

(S.E) (S.E) (S.E) (S.E) (S.E) (S.E)
5 -0.04 0.06 -0.03 0.02 -0.05 0.14

(0.02) (0.01) (0.01) (0.003) (0.01) (0.01)
15 -0.02 0.02 -0.02 0.01 -0.02 0.01
1 (0.02) (0.003) (0.01) (0.001) (0.01) (0.001)
30 -0.004 0.02 -0.02 0.005 -0.02 0.01

(0.01) (0.003) (0.01) (0.001) (0.01) (0.001)
-0.003 0.01 -0.01 0.002 -0.01 0.004
(0.01) (0.001) (0.01) (0.0003) (0.01) (0.001)

-0.05 0.02 -0.04 0.01 -0.01 0.005
(0.01) (0.003) (0.01) (0.001) (0.01) (0.0o)(1
-0.02 0.01 -0.02 0.003 -0.01 0.002

15 (0.01) (0.001) (0.01) (0.0004) (0.01) (0.0003)
-0.01 0.01 -0.01 0.002 -0.01 0.002
(0.01) (0.001) (0.004) (0.0002) (0.004) (0.0002)

50 -0.01 0.003 -0.01 0.001 -0.01 0.001(0.01) (0.0004) (0.003) (0.0002) (0.003) (0.0002)

5 -0.01 0.01 -0.04 0.004 -0.02 0.003
(0.01) (0.001) (0.01) (0.00!) (0.01) (0.00041

15 -0.05 0.003 -0.02 0.001 -0.01 0.00130 (0..)1) (0.0004) (0.003) (0.0002) (0.003) (0.0002)

300
30-0(.01 0.003 -0.01 0.001 -0.004 0.0010 () 1 (0.00003) (0.003) (0.0001) (0.0'03) (0.0001)

0 -0.01 0.0012 -0.01 0.001 -0.01 0.00150 (0.004) (0.0002) (0.002) (0.0001) (0.002) (0.0001
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Table 15. MEAN BIAS AND MEAN SQUARE ERROR AT 0=2.5 AND
UC=75%

_.1.B(3t.S.E) for fl_
5 TGT 15 TGT 30 TGT 50 TGT

5 OBS -0.06(0.07) .0.02(0.20) -0.003(0.02) -0.005(0.01)
15 OBS -0.05(0.02) -0.03(0.007) -0.01(0.006) -0.008(0.003)
30 OBS -0.05(0.01) -0.02(0.003) -0.006(0.003) -0.01(0.002)

Table 16. MEAN BIAS AND MEAN SQUARE ERROR AT 0=2.5 AND
UC = 750o

_.1.B.I.S.L) for 32
5__GT 15 TGT 30 TGT 50 T GI

50BS -0.02(0.03) .0.02(0.007) -0.02(0.005) -0.0o)t u.3j

15 OBS -0.04(0.007) -0.02(0.003) -0.01(0.0u2' -0.01hft.01jO

30 OBS -0.04(0.004) -0.02(0.001) -0.01(0.001) -0.00c0.01)

Table 17. MEAN BIAS AND MEAN SQUARE ERROR AT 0=2.5 AND
UC = 75%

_______________ .1.B( u.S .E) .!w ,

5 TGT 15 TGT 30 TGT 50 TGT

5 CBS -0.046(0.02) -0.03(0.00R) -0.03(0.004) -0.006(0.004)
15 OBS -0.02((t.01 ) -0.01(0.002) -0.0t)6(0.002) -0.009(0.001)

30 OBS -0.02(0.003) -0.01(0.001) -0.004(0.000 ) -0.009(0.0006)
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Table 18. MEAN BIAS, MEAN SQUARE ERROR AND STANDARD ERROR AT
0= 4.0 AND UC = 89%

Number of Number of
Observers Targets M.B %I.S.E M.B M.S.E M.B .\.S.E

(S.E) (S.E) (S.E) (S.E) (S.E) (S.E)
5 -0.03 0.02 -0.03 0.03 -0.07 0.02

(0.01) (0.003) (0.02) (0.01) (0.01) (0.003)

-0.01 0.01 -0.02 0.01 -0.02 0.011 (0.01) (0.001) (0.01) (0.001) (0.01) (0.001)

30 -0.01 0.01 -0.02 0.01 -0.03 0.004(0.01) (0.001) (0.01) (0.001) (0.01) (0.001)

-0.002 0.01 -0.01 0.004 -0.01 0.003(0.01) (0.001) (0.01) (0.001) (0.01) (0.0004)
5 -0.03 0.01 -0.04 0.01 -0.04 0.01

(0.01) (0.001) (0.01) (0.001) (0.01) (0.001)

-0.02 0.003 -0.02 0.004 -0.02 0.002

15 (0.01) (0.0004) (0.001) (0.0001) (0.0004) (0.0003)
30 -0.01 0.002 -0.01 0.002 -0.01 0.001

(0.001) (0.0003) (0.001) (0.0003) (0.004) (0.0002)

-0.01 0.002 -0.01 0.002 -0.01 0.001(0.004) (0.0002) (0.04) (0.0002) (0.003) (0.0002)

-0.03 0.004 -0.04 0.006 -0.04 0.004
(0.01) (0.001) (0.01) (0.001) (0.01) (0.001)
-0.01 0.0(02 -0.02 0.002 -0.02 0.001

30 (0.004) (0.0002) (0.004) (0.0003) (0.003) (0.0002)
-0.03 0.001 -0.01 0.001 -0.01 0.001(0.0(03) (.0(0) (0.0004) (0.00) (0.0003) (0.00)

-0.01 0.001 -0.(1 0.001 -0.01 0.001
(0.0003) (0.00) (0.003) (0.0001) (0.002) (0.00(01)
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Table 19. MEAN BIAS AND MEAN SQUARE ERROR AT 0=4.0 AND
UC = 89%

_ _ _ _.B(.1fS.E) for _

5 TGT 15 TGT 30 TGT 50 TGT

5 CBS -0.03(0.02) -0.009(0.008) -0.01(0.008) -0.002(0.005)
15 OBS -0.03(0.01) -0.02(0.003) -0.008(0.002) -0.006(0.002)
30 OBS -0.03(0.004) -0.01(0.002) -0.003(0.001) -0.00S(0.000S)

Table 20. MEAN BIAS AND MEAN SQUARE ERROR AT 0=4.0 AND
UC = 89%

.1.B(..S.[)- for I?:
5 TGI 15 TGT 30 TGT 50 "T

50BS -0.03(0.03) -0.02io.01) -0.02(0.008) -0.0'1S(0.0('4)
15 OBS -0 l4(0.(1), -0.02 0.004) -0.01 (0.002) -0.t)74( (.002h

311 OBS -0.f440l.U04 -0.02(0.0021 -0.007(0.001) -0.00(0.000)7)

Table 21. MEAN BIAS AND MEAN SQUARE ERROR AT 0=4.0 AND
UC = 89%

.__I.F(J..S.E foe _

5 _ _GT 15 IGT 30 TGI 50 lGT
50 BS -0.0-(0.02) -0.02(,.00, ) -0.03)0.004) -0.0005 I).(,03)

15 OH1S -0. 04(00041 -0.02(0.002) -0.01(0.001) -0.011 (0jo 11)

311 OBS -0.4(0,004) -0.02(0.001) *0.oos((J.0006) -0.011(0.(116)
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IV. CONCLUSION

This thesis considers two models for the times until detection of targets. Each model has NI

observer's. The i' observer is presented with N, targets. In the model of Chapter 2, observer i has a

random variable A, which reflects his ability to detect a target. The random variables {A,' are inde-

pendent identically distributed having a gamma distribution. Given A,, the times to target detections

for observer i are conditionally independent Weibull random variables with known parameters.

Simulation experiments indicate that increasing the number of observers for a fixed number of tar-

gets provides the greatest decrease in the mean bias and mean square error of the estimates of the

parameters of the gamma distribution that describes the variation between individuals. This is not

surprising. since observing more individuals sampled from a fixed population should better estimate

properties of that population. The model of Chapter 3 is a Weibull regression model. In this case

the simulation experiments indicate that increasing the number of targets for a fixed number of

observers provides the greatest decrease in the mean bias and mean square error of the estimators.

A topic for future investigation is to combine the two models and estimation procedures to

provide estimates for a hierarchical gamma Weibull regression model. Another topic is to investi-

gate using the fitted hierarchical model to predict future performance of the observers.
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APPENDIX A. HISTOGRAMS FOR THE ESTIMATED GAMMA

PARAMETERS

5 OBSERVERS ( UC 37 PERCENT )
5 TARGETS 15 TARGETS

0o0 in
Ln

I I
-2 0 2 -2 0 2

ETA - ETA TRUE ETA- A TRUE

30 TARGETS 50 TARGETS

In

UC = 37%): 5,15,30,50 targets for 5 observers( -)
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5 OBSERVERS ( UC 62 PERCENT )
5 TARGETS 15 TARGETS

kn

Inzz

iL

0 
OD
0

-F

-2 -1 0 1 2 -2 0 2
ETA - ETA TRUE ETA - ETA TRUE

30 TARGETS 50 TARGETS

ETA ~ ~ ~ ~ ~ ~ I -- T REEA-EATU

04

a -

-2 0 2 -2 0 2
ETA -ETA TRUE ETA -ETA TRUE

Figure 2. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=25,

UC--62%): 5,15,30,50 targets ror 5 observers ( - )
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5 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

C

z .z
w haJ

In

-2 0 2 4 -2 0 2
ETA - ETA TRUE ETA - ETA TRUE

30 TARGETS 50 TARGETS

(C4

C,

z z
U w

Li '! ao i W

00

004

-2 0 2 4 -2 0 2
ETA -ETA TRUE ETA -ETA TRUE

Figure 3. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=40,
UC=75%): 5,15,30,50 targets for 5 observers (i -
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15 OBSERVERS ( UC 37 PERCENT )
5 TARGETS 15 TARGFS

0

z z

Li LU
D0w "

-2 0 2 -2 0 2
ETA - ETA TRUE ETA - ETA TRUE

30 TARGETS 50 TARGETS

0

L,

D D
0 C

Li LiJ

oso

-2 0 2 -2 0 2
ETA- ETA TRUE ETA - ETA TRUE

Figure 4. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 10,

UC= 37%): 5,15,30,50 targets for 15 observers ( -
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15 OBSERVERS (UC 62 PERCENT)
5 TARGETS 15 TARGETS

-2 0 2 -2 0 2
ETA - ETA TRUE ETA - ETA TRUE

30 TARGETS 50 TARGETS

,

,n

0 -

U z
0 -

,
,n

a[J
-2 0 2 -2 0 2

ETA - ETA TRUE ETA - ETA TRUE

Figure 5. COMPARISON BETWVEEN DIFFERENT ESTIMATES (0=25,
UC =62%): 5,15,30,50 targets for 15 observers ( j- l
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15 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

0

Cw

0~0
-2 O 2 4 -2 0 24

ET"A - ETA TRUE ET/A - ETA TRUE

30 TARGEIS 50 TARGETS

0

2 C3:

z z

I dL

Cd ! t .0 I-I

-2 0 2 4 -2 0 2 4
ETA - ETA TRUE ETA - ETA TRUE

Figure 6. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=40,
UC= 75%): 5,15,30,50 targets for 15 observers (;I
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30 OBSERVERS ( UC 37 PERCENT )
5 TARGETS 15 TARGETS

0 -

U
0w

-2 0 2 -2 0 2

ETA- ETA TRUE ETA- ETA TRUE

30 TARGETS 50 TARGETS

00.

z z
IdJ Li

L

-2 0 2 -2 O 2

ETA -ETA TRUE ETA- ETA TRUE

Figure 7. COMPARISON BETWEEN DIFFERENT ESTIMATES (O= 10,

UC= 37%): 5,15,30,50 targets for 30 observers ( -)

45



30 OBSERVERS ( UC 62 PERCENT )
5 TARGETS 15 TARGETS

zN 0

N I

-2 0 2 4 -2 0

ETA - ETA T'RUE ETA - ETA TRUE

30 TARGETS 50 TARGETS

0

0

U,o --

-2 0 2 4 -2 0 2
ETA - ETA TRUE ETA - ETA TRUE

Figure 0. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=25,

UC = 62%): 5,15,30,50 targets for 30 observers t7 )
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50 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

t, !2 ,
za

-2 0 2 4 -2 0 2 4
ETA ETA TRUE ETA -ETA TRUE

30 TARGETS 50 TARGETS

2%-

wzED0

wN -

-2 0 2 4 -2 O 2

ET'A -ETA TRUE ETA - ETA TRUE

Figure 9. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=40,

UC = 75%): 5,15,30,50 targets f'or 30 observers ( /
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5 OBSERVERS ( UC 37 PERCENT )
5 TARGETS 15 TARGETS

oi

t 13

-2 2 -2 0 2
BETA - BETA TRUE BETA - BETA TRUE

30 TARGETS 50 TARGETS

0

N
z z

Uj

I -- -i 0 -- i

-2 0 2 -2 0 2
BETA - BETA TRUE BETA - BETA TRUE

Figure 10. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 10,
UC= 37%): 5,15,30,50 targets for 5 observers (Ao - flo)

4
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5 OBSERVERS ( UC 62 PERCENT )
5 TARGETS 15 TARGETS

a -

to t

w0 -

-2 0 2 -2 0 2
BETA - BETA TRUE BETA - BETA TRUE

30 TARGETS 50 TARGETS

0 0

II

In

-2 0 2 -2 0 2
BETA BETA TRUE BETA BETA TRUE

Figure 11. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=25,

UC = 62%): 5,15,30,50 targets for 5 observers (/3o - flo)
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5 OBSERVERS (UC 75 PERCENT)
5 TARGETS 15 TARGETS

2 0 -

BETA -BETA TRUE BETA -BETA TRUE

30 TARGETS 50 TARGETS

Z n Z

0U

0 50



15 OBSERVERS ( UC 37 PERCENT )
5 TARGETS 15 TARGETS

ell

z
0

(L4
U

0

-2 02 -2 0 2
BETA - BETA TRIUE BE-TA - BETA TRUE

30 TARGETS 50 TARGETS

a W-

o ,- I I I 1-h
-2 0 2 -2 0 2

BETA - BETA TRUE BETA - BETA TRUE

Figure 13. COMPARISON BETWEEN DIFFERENT ESTIMATES (O 10,

UC= 37%): 5,15,30,50 targets for 15 observers (/0- fl)
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15 OBSERVERS ( UC 62 PERCENT )
5 TARGETS 15 TARGETS

0

Lni
t cr iI l 1 io

-2 0 2 -2 0 2
BETA - BETA TRUE BETA - BETA TRUE

30 TARGETS 50 TARGETS

%n

o N

0 -
o NLi zLi

Sn

-2 0 2 -2 0 2
BETA - BETA TRUE BETA - BETA TRUE

Figure 14. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=25,

UC= 62%): 5,15,30,50 targets for 15 observers ( 0) - #o)
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15 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

o

z o

Li LJ

0-1

- , L -

-2 0 2 -2 0 2
BETA - BETA TRUE BETA - BETA TRUE

30 TARGETS 50 TARGETS

0

Li Li

0 -1

Uj U,

0 -1 I I I I 1 0 1 ------

-2 0 2 -2 02
BETA - BETA TRUE BETA - BETA TRUE

Figure 15. COMPARISON BETWVEEN DIFFERENT ESTIMATES (0=40,

UC=75%): 5,15,30,50 targets for 15 observers (/0- I0)
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50 OBSERVERS (UC 57 PERCENT)
5 TARGETS 15 TARGETS

0 (N in~

0

~0

-2 0 2 -2 02
BETA -BETA TRUE BETA -BETA TRUE 2

30 TARGETS 50 TARGETS

0

z z

61 a

-20 2 0 2
BETA - BETA TRUE BETA -BETA TRUE

Figure 16. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 10,

UC = 37%): 5,15,30,50 targets for 30 observers #0 fb
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30 OBSERVERS ( UC 62 PERCENT )
5 TARGETS 15 TARGETS

In

intn- t

-2 0 2 4 -2 0 2

BETA- BETA TRUE BETA BETA TRUE

30 TARGETS 50 TARGETS

To f

2 0 2 4 -2 0 2
BETA -BEA TRUE BETA BETA TRUE

Figure 17. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=25,

UC = 62%): 5,15,30,50 targets for 30 observers (0 0
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30 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

a

0o 0

0o r
-2 0 2 - 0 2

BETA - BETA TRUE BETA - BETA TRUE

30 TARGETS 50 TARGETS

0LJ

-2 0 2

BETA -BETA TRUE BETA -BETA TRUE

Figure 18. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=40,
UC = 75%): 5,15,30,50 targets for 30 observers (flo - flo)
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APPENDIX B. HISTOGRAM FOR THE WEIBULL REGRESSION
PARAMETERS

5 OBSERVERS ( UC 45 PERCENT
5 TARGETS 15 TARGETS

o o!

z z

L~j UJ

0 . 0 II I

-. 2 0.8 -0.4 0 0.4 -1.2 -0.8 -0.4 0 04

BETA -BETAi TRUE BETA) - D IE TRUE

30 TARGETS 50 TARGETS

z
cl a

L, Li

-1.2 -0.8 0.4 0.4 -1.2 -0.8 -0 4 0 0.4
BETAI - BETAI TRUE BETAI - BElAI TRUE

Figure 19. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 1.3,

UC=45%): 5, 15, 30, 50 targets for 5 observers (/] - /,,)
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5 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

o

z

00

-0.8 -0.4 0 0.4 0.8 -0.8 -0.4 0 0 4 0 a

BETAI - BETAI TRUE BETA1 - BEIAI TRUE

30TARGEIS 50TARGEIS

o 0- 'I ! --

z z
Z)U 0

0~
, I~

-0. 8 -0.4 0 0.4 0.8 -0. -0.4 0 0 4 o

BETAl BETAI TRUE BETAl - BAI TRUE

Figure 20. COMPARISON BETXXEEN DIFFERENT ESTIMATES (0=2.5,

UC = 75%): 5, 15, 30, 50 targets for 5 observers (/31 - 1)
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5 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 1ARGETS

It

o0

i- -- a -

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4
BETAI - BEAI TRUE BETA1 - BETAI TRUE

30 TARGETS 50 TARGETS

o 0

z z

-0.4 0.2 0 0.2 0.4 -0. 4 -0.2 0 02 0.4

BETAl - BETA1 TRUE BETAI - BEAI TRUE

Figure 21. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

UC=89%): 5, 15, 30, 50 targets for 5 observers (f1 -/h)
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15 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGETS

8z

Id

-0.4 0 0.4 -0.4 0 0.4
BE-A, - BETAI IRUE BETA1 - BETAI IRUE

30 TARGETS 50 TARGETS

0
a a

! oI 0 I I 1
-0.4 0 0.4 -0.4O 0 0 4

BETAl - 6eTA1 TRUE BE, Al - EAI TRUE

Figure 22. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 1.3,
UC--45%): 5, 15, 30, 50 targets for 15 observers (/, - /3k)
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15 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

tR

0F 0

-0.8 -0.4 0 0.4 0.8 -0.8 -0.4 0 04 08

BETAI - BETA) TRUE BETAI - BETAI TRUE

30 TARGETS 50 TARGETS

z z

Id Id C

o - 0
ol

-0.8 -0.4 0 0.4 0.8 -0 .8 - .4 0 0 4 0 5

BETAI - TI TRUE BEA1 - BETAI TRUE

Figure 23. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=2.5,

UC=75%): 5, 15, 30, 50 targcts for 15 observers (/? - /3x)
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15 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 TARGETS

zF

o

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 02 0.4
BETAt - BETAI TRUE BETAI - BETAI TRUE

30 TARGETS 50 TARGETS

oo

o

z z
L0  ai

Li Ui

o 0 ! I 1 I [

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4
BETAl - BETAI TRUE BETA- BETAl TRUE

Figure 24. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

UC= 89%): 5, 15, 30, 50 targets for 15 observers ( f -7l)
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30 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGETS

w z

:) , -0~ -,

-0.4 0 0.4 -0.4 0 0.4
BETAI1 - ETA TRUE BETAl - BETAI TRUE

30 TARGETS 50 TARGETS

C 0

z z

-0.4 0 0.4 -0,4 O 0.4
BA - BETAI TRUE BET,. - BETA1 IRUE

Figure 25. COMPARISON BETWEEN DIFFERENT ESTIMATES (O= 1.3,

UC=45%): 5, 15, 30, 50 targets for 30 observers (/l - /3)
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30 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

Rt

o

a 1 !!-- !a
-0.8 -0.4 0 0.4 0-8 -0.8 -0.4 0 0.4 08

BETAI - BETA1 TRUE BETAl - BETA! TRUE

30 TARGETS 50 TARGETSW)
z z

L ..j I

a Li

I~~~ MtI I

-0.a -0.4 0 0.4 0.8 -0.8 -0.4 0 0.4 08

BETAl - BETAl TRUE BETAl BETA TRUE

Figure 26. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=2.3,
UC = 75%): 5, 15, 30, 50 targets for 30 observers (f- -
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30 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 TARGETS

-0.4 -0.2 0 0.2 0.4 -0.4 -02 0 0.2 O.4
BEIW - BETAI TRUE BETA? - BETAI TRUE

30 TARGETS bO TARGETS

o o

'1 -)

-0.4 -0.2 0 0.2 0.4 -0.4 -0,2 0 0.2 0.4
BEWTA - BETA TRUE BETAI - BETAI TRUE

Figure 27. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

UC= 89%): 5, 15, 30, 50 targets for 30 observers (9, -

65



5 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGETS

0 0

iL

-0.4 0 0,4 -0.4 0 0.4
BETA2 - BETA2 TRUE BETA2 - BETA2 TRUE

30 TARGET[S 50 TARGETS

z z
LiJ Li
0 0
Li Li

-0.4 0 0.4 -0.4 0 0.4
BETA2 - BETA2 TRUE BETA2 - BETA2 TRUE

Figure 28. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 1.3,
UC = 45%): 5, 15, 30, 50 targets for 5 observers ([l: -/3k)
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5 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

-0.8 -0.4 0 0.4 0.8 -0.8 -0.4 0 0.4 05

BETA2 - BETA2 TRUE BETA2 - BEIA2 TRUE

30 TARGETS 50 TARGETS

o - 0

.F U

0.

-0.8 -0.4 0 0.4 0.8 -0.8 -0.4 0 04
BETA2 - BETA? TRUE BETA2 - BETA2 TRUE

Figure 29. COMPARISON BETVEEN DIFFERENT ESTIMATES (0=2.5,

UC = 75%): 5. 15, 30, 50 targets for 5 observers (/2 - /2)
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5 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 TARGETS

IdI

I ,d

"o 0! ! " ---fo '

-0.4 -0.2 0 02 0.4 0.6 -0.4 -0.2 0 0.2 04 0.6
BETA2 - BETA2 TRUE OETA2 - SETA2 TRUE

30 TARGETS 50 TARGETS

o

II

z z-

o !. - 1 ,-, i I I* I

-0,4 -0.2 0 0.2 0.4 0.6 -0.4 -0.2 0 0.2 0.4 0 6
BETA2 - BETA2 TRUE BETA2 - BETA2 TRUE

Figure 30. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

UC = 89%): 5, 15, 30, 50 targets for 5 observers (fl 2 - fl2)
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15 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGETS

of o

I w

o -

-0.4 0 -0.4 0 .4

BETA2 - BETA2 TRUE SETA2 - BEA2 TRUE

30 TARGETS 50 TARGETS

o a

o a
NJ N

-0.4 0 0.4 -0.4 0 0.

BETA2 - BETA2 TRUE BETA2 - BE A2 TRUE

Figure 31. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 1.3,

UC = 45%): 5, 15, 30, 50 targets for 15 observers (fl 2 - /2)
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15 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

o - 0

o I I I I I I I

-0.8 -0.4 0 0.4 0.8 -0.8 -0.4 0 04 .11

BETA2 - BEITA2 TRUE BETA2 - BETA2 TRUE

30 TARGETS 50 TARGETS

o

z z

U I

I II I I I~ ~
-0.8 -0.4 0 0.4 08 -0.8 -0.4 0 04 0.t

BETA2 - BETA2 TRUE BETA2 - BEIA2 TRUE

Figure 32. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=2.5,
UC = 75°%): 5, 15, 30, 50 targcts for 15 observers (2 -/(1)
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15 OBSERVERS ( UC 89 PERCENT
5 TARGETS 15 TARGETS

0 0

Lu

-04 -02 0 02 0.4 0.6 -04 -02 0 0 04 0 6
BEIA2 - BETA2 TRUE BETA2 - B-l"A2 TRUE

30 TARGETS 50 TARGEIS

Li0

- -0

~ 0
-0 4 -0.2 0 02 0.4 06 -04 -02 0 02 04 C 6

BE-TA2 - BTA2 TRUE PE1A2 - BETA2 TRUE

Figure 33. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

UC 89%): 5, 15, 30, 50 targcts for 15 observers f2 -fl,)



30 OBSLHVERS ( UC 45 PERCENT)
5 TARGETS 15 TARGETS

-0.4 0 0.4 -0.4 0 0.4
BETA2 - BETA2 TRUE BETA2 - BETA2 TRUE

30 TARGETS 50 TARGETS

o0

U U

-0.4 0 0.4 -0.4 0 0 4

BETA2 - BETA2 TRUE BEIA2 - BETA2 TRUE

Figure 34. COMPARISON BETWEEN DIFFERENT ESTIMATES (O = 1.3,

UC =45%): 5, 15, 30, 50 targets for 3t observers (P32 - P32)



30 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

0~

o

o -
o z

-0 8 -0.4 0 0.4 0.8 -0.8 -0.4 0 0.4

BEIA2 - 8ETA2 TRUE BETA2 - BETA2 TRUE

30 TARGETS 50 TARGETS

oo

z
,9,,

0LJ C3

l I -, I . t

-. 8 -0.4 0 04 O 08 -0.4 0 04 c t,

BEIA2 - BETA2 TRUE BETA2 BEA2 TRUE

Figure 35. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=2.5,

UC = 75%): 5, 15, 30, 50 targets for 30 observers ( 2 -/I,)
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30 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 TARGETS

z z
w0 0

C,

o o.

!I ti f T -1 I I

-0.4 -0.2 0 0.2 0.4 0.6 -0.4 -0.2 0 0.2 0!4 0 .

BETA2 - BEIA2 TRUE BEIA2 - BETA2 TRUE

30 [ARGETS 50 TARGETS

t3 tz z
61 Li

w W

I I I III I I j I I I Il I

-0.4 -0.2 0 0.2 0.4 0.6 -0.4 -0.2 0 0.2 0.4 0 0

BETA2 - BETA2 TRUE BETA2 - BE1A2 TRUE

Figure 36. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

tUC = 89%): 5, 15, 30, 50 targets for 30 observers (/ 2 - P2)
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5 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGETS

0

zo- o

Li Li/

o 0F

-0.4 0 0.4 -0.4 0 0.4
THAI -IHIAI TRUE "fHAI THAI , TRUE

z z
i i-

, ,,- 0.I 7 - ,

-0.4 0 0.4 -0.4 0 0.4

THAi - THAI TRUE THAI - THAI TRUE

Figure 37. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 1.3,

UIC = 45%): 5, 15, 30, 50 targets for 5 observers ( ,-
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5 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

D 0

zz

c

Li Lif

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4
THAI - THAI TRUE THAI - THAI TRUE

30 TARGETS 50 ARGETS

o

o - I o It

UC,? ) 5 5 3,50trgt or be es{,

Li L6



5 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 TARGETS

z z

CC4

00

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 02 0.4
THAI - THAI TRUE THAI - TiA TRUE

30 TARGETS 50 TARGETS

o0~

z z
U 0,

o l I 0 I .

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4

THAI - THAI TRUE HA; - THAI TRUE

Figure 39. COMPARISON BETWEEN DIFFERENT ESTIMATES (0= 4.0,

UC = 89%): 5, 15, 3u, 50 targets for 5 observers ( ,-
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15 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGETS

0

z
ww

-0.4 0 0.4 -0.4 0 0.4

THAI - THAI TRUE THAI THAI TRUE

30 TARGETS 50 TARGETS

:, - o
0 D

o 0 I Io

-0.4 0 0.4 -0.4 0 0.4
TRAI - THAI TRUE THAI - MHAI TRUE

Figure 40. COMPARISON BETWEEN DIFFERENT ESTIMATES (0 = 1.3,

UC=45%): 5, 15, 30, 50 targets for 15 observers ( ,-
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15 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

0 
9

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 .
THAI -THAI TRUE THAI THAI TRUE

30 TARGETS 50 TARGETS
:w C

1 i 1i f I I i i r i i i I

0y

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4
THAI - THAI TRUE THAI - THAI TRUE

Figure 41. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=2.5,UC 75%): 5, 15, 30, 50 targets for 15 observers
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15 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 IARGETS

z
o C4

I I I I I I0HAII • -

-0.4 -0.2 0 02 0.4 -0.4 -0.2 0 02 0.4
THA- THAI TRUE THAI - THAI [RUE

30 TARGETS 50 TARGETS

0D

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0A4
THAI -THAI TRUE THAI -THAI TRUE

Figure 42. COMPARISON BETWEEN DIFFERENT ESTIMATES (0=4.0,

UC=89%): 5, 15, 30, 50 targets for 15 observers (,-
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30 OBSERVERS ( UC 45 PERCENT )
5 TARGETS 15 TARGEIS

o0

R0

-0.4 0 0.4 -0.4 0 0 4

THAI - THAI TRUE THAI - THAI TRUE

30 TARGETS 50 TARGETS

W

D C4

0 Cz

Uj w

C. 0

- ,

-0.4 0 0.4 -0.4 0 0 4
TH - THAI TRUE THAI -THAI TRUE

Figure 43. COMPARISON BETWEEN DIFFERENT ESTIMATES (0 1.3,

UC=45%): 5, 15, 30, 50 targets for 30 observers (.,-
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30 OBSERVERS ( UC 75 PERCENT )
5 TARGETS 15 TARGETS

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4

THAI - THAI TRUE THAI - THAI TRUE

30 TARGETS 50 TARGETS

C3 C3

z z

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 02 04

THAI - THAI TRUE THAI - THAI TRUE

Figure 44. COMPARISON BETWEEN DIFFERENT FSTINIATES (0=2.3,

UC = 75%): 5, 15, 30, 50 targets for 30 observers ( ,- ,

82



30 OBSERVERS ( UC 89 PERCENT )
5 TARGETS 15 TARGETS

00

0

-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0,2 0.4
THAI - THAI TRUE THAI - THAI TRUE

.30 TARGETS 50 TARGETS

. .. , ,,- , ,0 ., . .

-O0 . -. 2 002 04 04 -. 200 4

THAI - THAI TRUE Th.AI - THAI T'RUE

Figure 45. COMPARISON BETIVEEN DIFFERENT ESTIMATES (0=4.0,

UC=89%): 5, 15. 30, 50 targets for 30 observers ( ,-
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APPENDIX C. SIMULATION PROGRAM FOR THE ESTIMATION

OF GAMMIA PARAMETERS

VBAE[O]V
V R+-M BAE N;MU;TA;H;E;L;OBS;W;Gl;G;Y;C;DEL;S;
Ml; M2; NIN;L; V;F; A; B;IN;JN; Cl

[I] MU+4.2
[2] TA+0
13] IN*NIN+JN*-2 p0
[14] CBS<'40
[5] W4-(M,IV)P(MxN) EXPRAND 1
[6] G1+0(N,M)pG<+M GAMRAA1D 1.5 0.154
[7] Y+OMUx (W-*G1)(*TA)
[8] Cl++/C<+/DEL*-Y-59BS
19] Y+-YLeQBS
[10] S*++/Sl+*H+((Y-SMU)x*lIxTA
Eli] Ml+(+/+DELxH).(L(-+/C)
E12] M2+(+/+/DELx(H*2))+L
[13] V+(M2- (M1*2 ))-((01 )*2 )+6
E11] IN[23+-lxMl )-0.5772
[15] +>A2xi.(V>0)
E16] V<-l
[17] A2 :IN[1] r(lxeV)-IN[23

13] ->L7
[19] LG:2TN+NIN

(B -S+*INC1] ))
£21] JN+(IN[1] ,NIN[2]
"22] F+C SUN JN
123] NIN[1>IN[1]+r-lx+/(INE1]-(eB))+F£;1] )*
(+/(1-*IN[1]+B)-F[;2] )
C214] +L6xi ((I (IN[1] -NIP/El] ) INE1] >0.0001 )A
((I (1N[2]-NIN[2] ) IN[2] >0.0001)
E25] O+NIN
E26] R<-(NIN+(1.872 1.14665)).(C+MxN)

v
VSUM[O03V
V R+C SUM IN;DD;BB;AA;D1;D2;I

[1] DD-i0
[2] 1+1l
[3] L3:-L4x(C[IJ=O)

[5] D2<4+/AA+(AA+BB)*2

[7] L4:Dl*02*+O
[8] L5:DD+DD,D1,D2
[9] -)L3 x i(pC) I-I + 1
[10] R-(-DD-((pC),2)pDD



VTRESIS £OJ
V R*-K THESIS J;I;RES;M;N

[I] ORL4L668O17I47
[23 M+-1+J
[33 N4-1I+J
E'4] 1+1
E5]3
16J RES+(K,3)PO
£73 LO:RESEI;)+-M BAE N
C8]3 +Lox'tK 14-I+1
£9] R-(-RES
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APPENDIX D. SIMULATION PROGRAM FOR THE ESTIMATION

OF REGRESSION PARAMIETERS

VBAE2 £0] V
V R.(v2 BAE2 N;OBS;BO;BN;W;Ul ;Pv1;l'2;MU;ZZ;RR;TO ;T1 ;S;
Y;C;IV;W1 ;X1 ;X2 ;DEL;T;A;T2 ;C1

[I] OBS*-4. 0
£2] J+1
£3] Tl+<T2.<0(N,M)pT,-TO*4Mp 0
[41] BO*-BN+2pa
[5] Xl+(M,N)p(RxN) NORRAND 1 0.5
£6] X2+(M,N)p(MxN) NORRAA'D 2 1
[7] W4-(M,N) 'n(MxN) EXPR-AD 1
£8] U1<+*((0.2xXl)+0.3xX2)
£9] Y*+OUIxW* (*T2)
£10] DEL<-Y~eOBS
£11] C1*-+/C*+DEL
£12] Y+YLOOBS
£13] IV+-(*T2)xY
[143 LL:BO+BN
£15] T0+T
£16] T2-(-T1
£17] W1+((*((Y-IV)x*(1lxT2)))*0.5
£18] aM214WxXx*(1Ix22)
£19] M~2+WxX2x*(1IxT2)
£20] MU+0(2,(MxN))p(,M1),(,M2)
£21] Z+-O,Z+(WlxIV)+(( 1xDEL)+Wl*2).WI
£22] BN+(0(MU)+.xMU)+.x((0MU)+.xZ)
£23] IV*+(X1xBN£1] )+(X2xBN£2] )
[241] RR+(Y-IV)x*(1IxT2)
£25] T'1+O(N,M)PT1+-T+,T4(-T+(C-+/RRx( (1xDEL)+*RR) >1
((-lxC)-+/(RR*2 )x*RR)
£26] A+-(F/i(BN-BO)+BN)>o.oool
£ 27]3 S-(-I(TO -T) +T
£28] -.,LE x13 0 0 5j<,+1
£29] +i-LLxt(Av(r/s)>o.oaoo)
£30] LE:R<+(BN.-BN- 0.2 0.3),(C1+(MxN)),((+/T)+M)

v
V THESIS £0]
V R K THESIS J;I;RES;M;N

E1] ORL*z466801747
£2] M*-1+J
£3] N*+1+J
[~41 14-1
£5] RES*-(K,4)PO
£6] LO:RES£I;] *M BAE2 N
£7] 4LOxiKI*-I+l
£8] R*+RES
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V
VSTA2'£OJ
V R4(-STAT K;DF;ANS;II;JJ;KK;TR;MS

[2]
£3] DF<+ 5 10 20 30 40 50
[~4] TR*+ 10 20 50
[5] ANS+(((pDF)x(pTR)),K,'4)pO
£6] MSE*+(((pDF)x(pTR)),7)PO
[7] LO:ANS£II;;>-MS*+K THESIS(DFCJJ].TREKK])

v£8] MSE£II;]<+((+'MS)+K),((+I'MS£; 1 2 t43*2)+K)

£10] -*LOxi (pTR) tKK+-KK+1
[11] -)LOx i (pDF) !JJ-(JJ+KK-1
£12] R*-ANS
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