
AD-A189 441 INTERA IUTIME PESU S TETNAOI

UNCLASSIFIED ANSN /11' CA -'3A MHAN r/G 25/ A

END



I~J I.Oki
Q20I lID1  ' 1

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- 1963-A



QICBLE e"J~~ I'0 js.5 :..V___
I-

TECHNICAL REPORT RG4W520

00 INTERACTIVE TIME RECURSIVE STATE
SESTIMATOR PROGRAM

Sundh Bramhon
Guldmna and Control Directorate
US Army Missile Laboratory . ,

o ~may I96
,, IC

J . /AR4& df lc)one Ar'm enal, A labma v , 3589-5000

Appned for public reissm. Distribution unlimited.

i. FORM 1011, 1 NOV 64 PREVIOUS EDITION MAY OF USED

_ _ • || IIIII II Il



UN-- SSIVIED
SECURITY CLASSIFICATION OF THIS PAGEt t 111 Doot Rxwo

REPOR DOCUMENTATION PAGE ____________________

I. REPORT NU41111GO9T ACCESIO NO. 3. RaCIPIEN?'S CATALOG MNGMER

RG-85-20 I/iA_A8' 9 Y/
4. TITLE (andehil) S. TYPEt OF IMPORT a PE9111OD COVERESC

Interactive Time Recursive State Technical Report
Estimator Program

6. PERPORMIHG ONG. RePOR "NMBER

7. AU1N@-OW IL CONTRACT OR4 GRANT HNMUERt.)

Sandra Uraselton

9. FORIONM ORANIZATMO NAISE AND AORESS -0. P3GAj 1  IMtT. POETaSK

Coander, US Army Missile Command
ATTN: AI4SHI-3.D-GC
Redstone Arsenal, AL 35898 _____________

11. CONTROLLING OFFICIE HNME AND ADDRESS II. REPORT OATE

may 1985
sane as Above. IS. "U"UER of PAGES

I oI DUN ASC N ANC a AOORDtW .Mo l~ionSSA Qoftg ogiD ) MS SIECURITY CLASS. (of1 i.reet

UNCLASSIFIED
IS&. AMcPSICATIO141OWNGRAIOGO

ISL DISTIUUTION STATEMENT (of We *wq

Approved for public release. Distribution unlimited.

* 1.DISTRIBUTION STATEMNIT (of N 464. 0 E aoilal min Block S, It AMWW 1640 20100u0

HL SUPPLIDEMTARY NOTES

Is. KEY woROS (Couaftw.a rovuw se it oI Soomy cod idoni by block .omer)

Time-recursive state estimator
Predictor/estimator logic

JAEBYACY == 7o; 011 0 MOMM-W AK INS 87 block

% ~The suouwD C2 system consists of the equipment necessary to provide command and
control capability for Army divisional and non-divisional Air Defense Artillery
(ADA). This report describes a technique for smoothing noisy track data using
a GHK discrete tim-recursive state estimator program. This computer program
was developed as part of An analysis of SUORAD track management functions.
This system will show hov accurately a target can be tracked given the appro-
priate input values.J

JM 7S0 ~O FI O 55O.T UNCLASSIFIED
SSELCURITY CLASSIFICATION OF ThIS PASS (111ho DUft&MMu



TAML OF COUTwf S

Page

As Ilpmto.*............e..e....e..ee.....~..

No Camputatioa........ ...... to..... e................. 2

Co Lole ............ e.e ee.e eeee. ee..e..ee 4

IV* SUNIAZY AND ~ILSOS...................... 4

APPUDMIX A. OPERATING PROCEDURRSo........................... A-1

APPENDIX B. LOGIC BLOCK DtAGRAM............ . ....... ......... oo .o*.. B-1

APPENDIX Co SOURCE LISTING.............................................. C~l

AccssonFor-

NTIS GA&

DTIC TAB

UtafOCJustif icatio

yDistribution/f

AvailabilitY Codes

Avail and/Or
jDist special

iii/(iv blank)



LIST OF ILLUSTRATIONS

Figure No Title Ze

1 Displacement Vector No Noise, No Maneuver, BETA - .967 ..... 47

2 Displacement Vector No Noise, No Maneuver, BETA - .8 ...... 48

3 Displacement Vector No Maneuver (Noisy), BETA - .967 ...... 49

4 Displacement Vector No Maneuver (Noisy), BETA - .8 ........ 50

5 Displacement Vector No Noise (Maneuver), BETA - .967 ....... 51

6 Displacement Vector No Noise (Maneuver), BETA - .8 ........ 52

7 Displacement Vector Maneuver (Noisy), BETA - .967 .......... 53

8 Displacement Vector Maneuver (Noisy), BETA 8 .8............ 54

9 Velocity Vector No Noise, No Maneuver, BETA - .967 ......... 55

10 Velocity Vector No Noise, No Maneuver, BETA - .967 ......... 56

11 Velocity Vector No Maneuver (Noisy), BETA - .967 ........... 57

12 Velocity Vector No Maneuver (Noisy), BETA - .8 ............ 58

13 Velocity Vector No Noise (Maneuver), BETA - .967 ........... 59

14 Velocity Vector No Noise (Maneuver), BETA - .8 ............. 60

15 Velocity Vector Maneuver (Noisy), BETA - .967 .............. 61

16 Velocity Vector Maneuver (Noisy), BETA - .8 ............... 62

v/(vi blank)

e mma mmmm~mmmmA L m, m _



I. INTRODUCTION

The Short Range Air Defense Command and Control (SHORAD C2 ) system con-
sists of the equipment necessary to provide C2 capability for Army divisional
and non-divisional Air Defense Artillery (ADA). It will provide C2 for all
echelons of a SHORAD battalion. The network will consist of displays, data
processors, interface equipment, and sensors. The major objectives of the
system are:

- Provide automated alert to all SHORAD battalion elements.
- Provide for automatic exchange of command information between

SHORAD battalion elements.
- Provide weapon cueing to selected SEORAD battalion elements.
- Provide track information from the various sensor inputs to

SUORAD C2. This involves track management functions which
include track file management and track smoothing operations.

Track files from external sensors such as PATRIOT TSQ-73, HAWK, ADEWS,
and AWACS feed data into high level modes of SHORAD C1. Track management func-
tions include the maintenance, correlation, triangulation and smoothing of track
data. This report descibes a technique for smoothins noisy track data using
a GHK discrete time-recursive state estimator program. The GEK estimator is
useful in smoothing noisy track data obtained from noisy measurement sensors
in applications such as the C2 system for SEORAD. This computer program was
developed as part of an analysis of SHORAD track management functions.

A detailed description of inputs and calculations will be included in the
discussion to assist the user in choosing the original values. In addition,
examples of inputs, resulting calculations, and plots will be provided in the
results to give the user a thorough understanding of the output. Also, the
necessary system assignment statements to aid the user in obtaining a hard
copy of the results will be included in Appendixes A - C.

II. DISCUSSION

Initial values are input to determine the initial position, velocity, and
acceleration of the target. The program then estimates the current position,
velocity, and acceleration at each discrete time, based on initial conditions
and a predefined predictor/estimator logic. Noise and various maneuvers may
be added to the true position to determine how accurately the estimator
handles noisy sensor data on maneuvering targets. Plots of true and estimated
positions may be obtained to analyze the adequacy of filtering logic.

NOTE: Name of output entered is used as graph title.

A. Inputs

1. Main Program Inputs

VARIABLE FORMAT DESCRIPTION

SEED 15 Used to generate random numers. Must be an odd
integer 0 < SEED < 32768. The SEED is used to
generate a unique set of random numbers.

z'---. -. mm ms.s 1



ZDAl 18.2 Estimate of position.

XDDAR 112.5 Time derivative estimate.

XDDIAR 912.5 Estimate of acceleration.

5 116.9 MTA " BETA may be entered from the keyboard or
computed. Please refer to calculation section
for computation.

GU'K E.2.5 30 - G, U, and E are a function of BTA.
Please refer to calculation section for
computations.

SIG 16.2 Noise SZGfA.

NAN F6.2 Noise MEAN.

Zi E12.5 Initial true position.

IDI 1 2.5 Initil time derivative.

TiE F6.2 Initial time.

DELT 76.2 Time Increment.

Th F6.2 Time of maneuver start.

DIAl 13 NUmber of computation steps.

All Inputs except DAX and SEED are floating point.

NOTE: An option is available so that if one chooses to rerun the program,
he will not have to reenter the original values. When this option is chosen,
the user can change only the specific value(s) of interest to him.

2. Inputs for Subroutine BETA

TC 15.2 Time constant

DELT F5.2 Time Increment

B. Computations

1. Subroutine WIA-BEA is computed as follows:

I - 2.718281828
LAN - 1./TC
X - LAM z DELT

BEA(B) - Er~x

so BETA - .967216134.

2



2. Subroutine OK

0 a 1. - B *3
R z 3.12. x ((1.- Bee2) x (1. - Y)); (Y a noisy position measurement)
Z , 1./2. 2 ((1. - Y) 0*3))

3. 1Mi Program

a. Tarxet Comutation

Target acceleration is computed as follows:

ZDD 2 78.5 (T-TM)
IF (ZDD.GE.49.1) then ZDD z 49.1

User inputs

T - Initial start time

TM - Time when maneuver starts

Target velocity is modeled by:

ZI - Initial true position
ZD - Time derivative
T - Start time

IF (T .GE. TM) Z a Z + 0.5 x ZDD x (T-TM) 002

(0.5 x ZDD x (T-TM)#42) z Position change due to maneuver

b. Noise Modeling

Subroutine GAUSS - Generates random numbers

GAUSS (NO, SIG, RM.AN, WG)

NO 2 Seed
SIG - Standard deviation
MEAN a Desired mean of the normal distribution
WG a Value of the computed normal random variable

Y 2 Z + WO (where Y 2 noisy position ieasurement)

3



C. Logic

1. Estimating Logic

XlAR - hAT + G x (Y-XHAT)
XDBAR - IDEAT + (Wi/DELT) x (Y-X HT)
XDDBAR - ZDDUAT + ((2 x K)/(DELT*2)) x (Y-KHAT)

2. Predicting Logic

R - (DELT*2)/2.

XH-A XlAR + XDBAR x DELT + XDDBAR x I
IDRAT - XDBAR + XIDBAR x DELT
XDDEAT - IDDBAR

Ill. RESULTS

Each value entered is repeated to provide the user with an opportunity
to change or correct value(s). Moreover, one has the choice of printing
detailed results for each step (Table 1), or a tabular summation of
results (Table 2.)

Examples of inputs and corresponding results are shown in the figures
that follow. For odd numbered figures, the time constant is 3. and DELT is
.1, so BETA - .967216134.

IV. SUMMARY AND CONCLUSION

This system shows how accurately a target can be tracked given the
appropriate input values. Therefore, it is very important to use the initial
values that will yield feasible results. Any change in the main program input
values on pages 1 and 2 will change the results.

When BETA - .8 (even numbered figures), the program is able to track the
displacement vectors fairly accurately. For example, in Figure 7, (BETA -
.967) there was more lag in the result, but the curve was smoother. In Figure
8 (BETA - .8) it tracked more accurately, but there was more noise. The
program was able to track the velocity vectors much better with a BETA of .967
as opposed to a BETA of .8. The results depend on how closely the initial
filter states correspond to the true state values and on the filter damping
design, which is determined by the choice of BETA.

4



TABLE 1. Detailed Stop by Step Results

!P:PUT SECTION

N4PS OF OUTPUT 'IS DISP VSCTOO NO '4OISE 40 MA4CUVER
SE-1 FOD THIZS RJM IS 1

X:AR= 10273.00 Xi)'AP -0.110000E+03 XDD3AP= G.CJCZCCE+OO

THS~ VALUE OF i.!TA IS 0.967000008-r+00

Gz ).'357o3 13E-J1 H= 5.321330 4E-02 K= -CX1704'jE-j4

W =-E F AC T".1 arS C.Z Au Is .*. 0

Z 1 3. 1 1= -C . 3 f.C +C 3 Z.)V X'0EC

Tz .C LT= %.10 Tv= 13 D
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RESULTS F).l 3rEP 1

TX."AR XD PXD3AR
:1 C03G'2 -.12 zJ.Jz 0153 QO '2 E)3 C 0 04O

XHAT XOMAT X D D4A T
0.10255E+05 15 .CoON 1

Z ZD D
J.9-?703E+G4 -CO0~2O .000OEGo

V~AR - Z XD;.AR-ZD XDDoAP-ZD

Y2 3Of ~ 2 .. 1>2E0, sCYXH-

RESOLTS FO,; STIP

T X3AR DA XDA

XHAT X )64AT X:)>4,A7
0'.1Cj2G?2'O5 -G.16Z~334+)3 -0 .113 2 ZE:+ .1

Ir:SULTS FIR STEP

T X-AR X".Aq XZVD3AP
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qZTULTS FCR STEO 4

T X-S AR XO- A,. X D .A R

0. 40 00 .+ 0.1 +13 1C:j --. 17916E+ 3 -').32Z34-+31

XHA T A 0 i T X D D.4AT

_AR Z -
li 2 55 : 3 Z] + #; ; 3 - 0 .- : 2 2 - + 1nl

y= C. +OCC4 Y'XT) =-0 2 7 -,-  ""

P SULT$ FO . STEP 5

T X": -V A CL XDD

Xm4T YDHAT V(D AAT
.1 : J7 4 7+ 1 -.:ol ', 51 ' 3  - " 1*I" 1T-+ C1

c 7-

x.:A~ - Z A 0
3a 424 E.,O: z, 111 91 E + - 1.4. 1 73E +01

Y= . ,,, .)G C y- X1AT)
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.EFULTS F0.1 STEP

X1A DHAT XDD'4AT

.10J30E+05-.317 ~K -0. 5C0,?E1- 0

0.952o0a*04 0.--33,J1+1

XAR- Z X X) Z.)

-s - E- ,

X7 0 j 0 0 2.1 JjJ7E+.-3 Z 7 4 Z ,- 03 -. 92E

)(W A X Dp AT XDO 4AT

-,~J 2j'~' E~ +-- r:

r - 3A.1 X0-2AP D- k

XHAT D,- AT X-d0HA AT

:J . 4 43 2 47 78



.z:4~J 0.?2~C

7, G\ ^ il + L i s C

Y- 0.97GCOE 04 (Y-X.T) =-0.1c32E C.

4ESULTS FOR STEP .

I~ -IT I DH AT X:
-,fl J'2 -+3 .O" E+ K. %O75ZJ1E-C71E1

0'.1. 7 , ..01 z'..r-..

A:;AR - X D'-,)-Z X A -Z D'.i. 19 2 3n;-: +. 72 7 5- -4^.75391-=+"i

Y= -1.97331:.7+.4 (Y-XMAT) =-].17C".zE+-,'

z EULT3 FOR ST -

.5 7 7-. -

z

+ Z E2C C E +

= , 7'.. + . (Y-X T - 1 7 7-

-- ,,i, ,, ,,, i . m J, j l ~ ~ i 9



:)c U .TS F3 '  -Q1

xHAT x O AT HDrAT
3.Q8172E*04 -.j. 2 3 5 -'J3 "$-W337E O1

ZDD
z QOIi :+"'O

0.16730E+2
4

;- XDAP-ZDD
0.1..5 2 3 .A 5 42EK'2 "0..Z93$7E4 1

y= 
2,7O ,c', Y-.*T)

XA rl4~
T~ ~ ~~0 X=S-'zz XI 3,

14 4T X ,DA A7T xZDA AT

j. )77-blE+14 -3.2419L:3 3 -. Q55.E

Z ,)

-",05754:E1

Y " . 2 c' (y-X-' 'i =-'
. = : + :

RSULTS FJ' STE? 1

r" X;AP, X 3'4 A R XO D D

AT T 9D .4A

O )7 5l ,7 .E , 35. 7 -f #, 7 I -

A. 
-

tO



RISULTS FO; STEP .

T X-3A R XD SAR XDI
0.1400x-4O1 -0.07205E+04~ -0.253Mz5+j -C.10731E*0j2

XHAT X D'iAT ADD 4 AT

0 . -2,05 1 E + 0 -. 42 C -C 10 3 1 f.

zz

Y 095r )C'J4 CY-XHAT) X11.iK3

PESULTS FmZ' STEP 15

A'4AT 7A X ,. A

Z.53C -. z~~C 71 %+

4?A ZDA~L ~ D3,'A R-Z D

Yz n C T + NCC (yX AT I .C 5 7 E + C



z.VJLTS 00 ST=EP 11

J. 63~K1 ).~~43 7 4..-2 . 2445F+73 -,?.1 173E4K2+I

XHfAT X )MAT XD*),4AT

0.96153Ez-+4 -. Z333 .13''Z

X.952Q - z -DEAR-4 ) XD2PAPE*CO

4 j- X E *0 173

R, :UL TS V.' S TE 17

X1Z0,00E +c I )X;6C3e!.OC4 -*X-Z'l;7E*2 33-.2~~

XNiAT XD TXDLHA

).?1;4767':+r4 -c.3 27 37 +2:.21OE%

lm' .ULTI ;CR .rE-' 11

. 1 3 0.,04 5 -4: 7: '1 +61 21 4+0 121 IE+0

12



Y o .9 4 ),3 + (Y-XHAT)

9O-:ULTSa FOR STEP 19

T XSAA OA

X V4 ;T X D q AT X'%,4~AT

~.~47iQ4 ).2 Irt 7=- 3 -Z.1 20 E+CZ

Yz *Q4 -0)w-*- (Y-)CiAT)= JQ7i4Z

RESULTS FC? ITE-1 2)

XHATsDAT X:).NAT

'= *43 CZ (Y-X'iAT) a -. tl57 !FCt0

q-:-UL -' F34 STQ-1 :1

1*x

13



X~~kT Vr4 AT04.T

(XsAR -
fDBAR-ZO XDSARZD

ys -z Z t y-XH.4A)

2 ?SULTS ;01' STE'S -

T~A 
r +.~

Z E +2c

T~A A -iATX Z4
9 3 3 -5-13:Z2! 

-:.393E 3

Y= ~.3Ci£ (Y-XSAT) -

144



F~qLTS FaQ Sr-.- .74

X(44T XDHAT XDk

~J.93I29E+QO% .X3 02-4 -C 3 -;]%14513E+O32

Z Z

Y~ (*~~ Y-Xo.AT) - ~r4E2

lZVLT3 FfC' ST7.2 Z5

O.Z50O3~.Cl ).43'JbS+C 4  -3.3023.2E-+3-.1?C42

XNT HD4 AT C4A T
3 OZ765E+04 .7 '3 -C117.AC

3i A. 2 c i.41C

X--l-A2 Z
.5640if.-+1~T -31E3-3143*2

VI.I C -X ,! )

FS S1t

R XD SAR D15A



RESULTS F34 STEP 17

1T X' AR XO"3A4

XHAT )HAT XDDIAT

I 1 fZ+3 -014E0

1 + 4 3 I Z90

Yz 0.914JOE+04 CYXFAT)

OESULTS F*2' STEP Z.

X4AT X~wAT

Y - I C ~ "'S"C Y XS A T 41

T 
-

16



X44X1) A T Xa H A T

0 . +-- +~

Z;A NDLAR-ID X)EA-
).353~EO2 3.15i.~'Q~ -3.15424E+07-

Yz .13E2 (Y-XHiAT) z -0.357521>i-l

EJULT3 F-01 :T--:3

AH4 XDAT X)0OHAT

C. Q IC;,3E + 4 C- -.- - :3 3 5~O

X2 ,3 - Z A O ':A 2Z )

0.3C3q5 E4OZ -317 -'7 3~: O. 5~

y .91 C!3c, (Y-Y)tAT)

IS':UL ' FO~O STr.? :1

TD*

17



yu x 1.70?Y 'C CY-X~iAT)

FFSULTS FOR STEP 12

T X3AR XDRAR XODCAR

43..3 2 C03 E + 1 0 7 ,: 14 E +C4 -)326 3-0.1577-17+12

Xt4AT XDH~AT XDD;'4AT

4.~ -- +1 -

J.~1371~T -J~Z7~P'2z -0.157 16E

Y- 0.9)40-)E'*:4 (Y'X'4AT)4 -+32

qESULTS FOR STE'3

XSAT 93w T x D HV

Y3 G.1')O:1Th CyX+CAT

2:3ULTS F:;ST-

X At'

18



~4T X 0 14T DD,4 AT

z Z DD

(SAP- Z XA-ZD xDD- . D

0.13220Z+0 2 "3-2o9 97cIJZ -'15352E 0.

V -' 24 (Y- qAT) z !.,5j c~o

'ESULT 3 F 
"T 35

XHIT X .4 AT

z ZD!n

y .u - (Y-X'-AT)-

"-R ST - -

-i.-1 --, -" - -- , l5

Xw( T DA3 T ;C ) AT

19



Y= O.3Q020CE+04 CY'XHAT) 3 .277300E+C2

PESJLTS FOR STE3 77

r X - iADPA;XD D RAl

A~IA

z D)
63;2CI)iJ+CC

%.3AP - Z DA'XD3ZO
0.244S14E*'J1 -X2;EKZ o.53EO

yx O.33?0c7-+C4 (Y-XIHAT) 307:

'-%tT F'4 SThi0 I

A- A XD -2AR X".IEAP

-C7 )4; : 3 .343 7E: +' iI Z139 E + Ci

20



XI4AT X4TXDHAT
0.37925--:+4 -0.337JEKJ3 -0.159a4E+02

Z4A Z :) A

-i-S.ULTS F.2t ST2 4.

T.O~2 ,3?34 -I A.;13.37ZEC?

XHAT X I>!AT f -

ZD~ z D 0

- 3. c7 E+CA1 7 7

T Xe A R iARx0

'. i7100 i-z 4 -)05E+"; I I + Q. 3 1 C

21



Y= +0 Cy-XR4Ar)

REWULTS FOR STEP

T XiAP XDDIAR

~.~OEl2.:727:3+C4 12397+) ~.57 1 2E +07

A4hAT XDHr DiAT

x AA- LAA <Z D

Y= XJ.7430O-+C' (Y-XW) c34'TJ

Ir-SULTS F04 STE? 4~3

)(NAT CHTXDA

y ~ 7 -.-. z

.x A

+ t
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X14AT . X:) H AT

. ;s'~-C 30j%

X2AP - Z XDFAR-ZD XDD9AR-Zt'D

-2.16 ~ -nO t412:3*T0 -0.1 56o7:-:+12

Y= IZ 6 C Y-XhAt) 5 1 '1 7,5E+ C

77-UL : ,1 STZ

XTX 01 HAT A:),NAT

J.35645E1~~~~7 n,4~.~ -A5~~i

z o :1-0,-30I

x:) Ai 0:- A z

D 5 1 23



2 ).11 1) +C -J42~. '15CE

PESULTS FOI STEP 4.7

T X3AP XOARXDIAR
0.470O-T+C1 '.Z3,t70SC4 KZ., '363E+C3 -0.1541!2+02

7.525.3 -C 317KS -. 15413- 02

-7..3
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XHAT XDHAT Xo~qAT

z 6

XIAP - z XD):AQ-ZD XDD'eAR-Z'D
-01-54!)EI.Q -0.44 ,7 E+02 -3.15211=-4CZ

y G.053LO -+'4 (Y-XOAT) = .10E:

a-SULTS F-) STEP 5-

XHAT A DiA T X D P'l A T

X3A!? - DAZ xDoZD

1:0 C2, 5"10 0*" (Y-XwT) 22741 =-

27 :ULTS F;O 3T,7? 31

XHAT 9 H.AT *XDDAT

0.54057E*O4 -)3 4 73 C -Sa +2 C
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-' X D'-AR-Z D XDD3AQ-ZZ3o

Y: .z ?jE; CY-X6.T) = 2.o42-7EC2

'iEiULTS FOR STEP 52

T X AAR A. X!)D3A R

XHAT '(HTXDD14AT

0V .Z4+D )

Y Z.4b.JE (Y-X.iAT)

RSSJLTS FO STE,' 53

T-: RX .: X D 2 A

x m T Y 0A T ')AT

-2.3343'E.--51 - 44:o 7 3 14 7 3C?

Y: '.412.4 CY-XwAr) 73Y

o 'JLT; FOP ;TE.'5.

26



XI4AT M4 AT X)DH AT

Xl- Z XDAi-ZD XDD~lAZ-ZD
-3.321457E02 -0.4667;E+% -O.14597E+02

Y= l. 332JE~ CY-Xi-AT) 0.= 21SC

1%SU.-TS FJ'2 STTE' ij

T y 3 A -A

* ~ 31~ -J.~ K -4 - + C,

XIJAT A 'AT X l. 4A T

A' -1

27)



yz .32~ (Y-YRAT)=

T VIAP Z4A'XZ 1

).5.~C~S.1 .~Z35'K* -,X34'43E+33 -0.14174EQ2--

)(HAT XDHAT XODHAT

0.821 37E+0 %J.3 . 4T + -0.140174E+02

qcSJLTS FT STFP

T

XHTXD HAT X DCA A T

zZ

- A' r
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RESULTS VI! STE .5

XNAT ADHAT XDDIAT

fy J3 . 33 (Y-XHAT) -.= I73*'

PESULTS F STED o)

T XiA4 D4% yD14i

XMHAT XDHAT <DD4AT

J~*. 31 2::3z~4 3Y'HT 4 2 'l7Q-C

OESJLTS FP; STEP "l

29



z D

'CA A Z x) . 4i -zAE A F -Z)~

Yx (.1.O,4 Y-XhAr) C .74321S#C2

RESULT.S F STEP

T X 3 A 4X

XiA T A T X WSA T

z D

X,,R- z XDt AR-Z.X'D3A -!

Y= L C14 j E~ (Y-EX..AT)

iESUL73 F)l ST~a t3

:~2C22Z+:1 L 1)4 E2 -. 4T7 7a3 -C . 17241 E -02

XiA TA -IAADW

z
Q3 11 jol +0 n I C "

X;A! - Z DCA-)

Y 
Z~ 

1 4 
(Y-XnT 

)
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IEIULTS F 0 S T:~

ANATXD?4 AT X1)')4 A T

0.30042S+04 -. 4,4J ~ 13 C 7 2

~~SULT ~ 3 ~ 3T~ '

r X2X D3A7

)CHAT XI4TXDDHAT

z~ zo,

4iiiULrS Fl ST;Y' 46'

T JI X: AlX A!
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&o

ya (0.S-J2'jOS+*0 (Y-XHAT) z3.7i453--+C2

rRESULTS Fw~ STPj

T W~ At A7 xO'A )OT

1~A 7 - Z 7 1 jo

yz .7Z - (y-xHA-) .41

~E2.L.TSF~l STE- - ?

Y3A2 K~Z
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; ;:JLTS F3t; STEP

-1+.)J,41 7-3 7 '75 E -L -j4 i4o--7+3 f.2

XtAT XDHAT XDDHAT

0.78523E+04 'X)373oE*2a3 0.12243E+0'.

3.7?30CT!+04 -C3~:jO.r)GCJOE+t^.

-mR X A -ZX 0 A-

4- 41 - 3 .1!F + Z -r.liZ47E+C2

Y= .7 34~ Y-XI437)

T X:lARx D3A x7
3 .70~~ 01 0 1 .7 i57 3 E+ C -.. 345 45z.C7 X ~3+~

-J727-0 -3.!47C5E4'*13 .2O3~2

A.A

.-S'LTS F. ISTE- 71

Tmo X )A T
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).42796E+O2 -01.45531 +. -0.1 E

V= Q.73700E+C4 (Y-XHAT) = .?74C9E*C2"'

RESULTS F^J: STSP 77

'(NAT A )pi T :D A

1. 7 7 +4 4 - i1 7 3~

A= R - Z A.; Z

4 ' 4 + Co -? -4 5 Z 0 Z' 117-E+O

Y= CY-XHAT) = .77447SEJi

Q:IJULTS cP STZl 7.)

'(NAT 4T

0.7310C-EC' -. 3 C. J +C3 C01 .

-2.42'3 E-27 * ~. t.; *-LZ - 2 1 i 2-E +Z
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r 4 - Z +

1).7 JS3E 1 .777 -. 4E~ 41392

0.77z"Q-:-Q4 J -302>EO

AiAl - ZtAZ

7z 7 7 -'J AE

~.75')J~4O1 .77)71---+0' 4 -31O 3  C121E'

KIIAT X4AT XDD44T

z i

)(LAC A q
A -

7 '

x XD HAT v :VmA T
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Yx 0.774-LOE+C4 CY-XriAT) = )725cC'

'4-SJLTS FIZ STFP 77

%77300"1,1" X7 '73 4 -C.S3 29E + -3 -. 2 E~

73A C ZF

Y= C .7 6 9 0.0 + C (Y-XAAT) .7 "1J, 5 +

')ESULT FC ST 7.,

T r

XUT

1 Z

Y -3 7o CC:+ (Y-XpqAT) 7
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PESULTS F. 3TEP 7?

0.7oOC3i+01 :'.75:7tE+C4 -. ~eC ~124~Y

XA4AT XDA4AT WHA>4T
3.75533E+04 -Y. 3434 E+23 -0154'O

C.763300N~ -M.3OcJa.O3 0.'J0c03EQ0

AJAR - ZXDA!-ZD X)DSA-ZVD
-O4 C + *2 ---. 1-Z544E+-2

%SiULT: FOG' ST: '

X i AX~oARXDDZA
O.i GOOJE+01 J.73573E+2 L- )SE+07C.1

XHAT XD4AT XODmRA
2.75215EKY14 -:.34K;Ji-V - .12 3 0E IC 2

4 R- ' DAA -ZI D 13-)
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MAIN PROGRAM

C T)415 [5 1 --r-K FS j &~

CH4ACTEW *Lak .,gME
REAL K h
1'4TEGER Cl
Q x (DELT-'2)/2.-

s wa k).

to Ffl"AT(*'3iklNU lxS**~~e EC***TI w**w*****''*o***

TYPF 30'
30 Ff)RmAT('l*#****** A LL VAL!2FF E,~ki ARE FLI1ATT-G LmIT , nT E5

15 lOT'4E9"ISE 1'.1DICATEr****'//)

L i Fi3R'iA( I(, PLEASE E-'l Jq TO~ C 1LL THIS SET .r'TI

be 14T( 1.AX, *4A4 -)F [2 .JTPIJT JS -. 4 v

70 TYPE 804

BdF0PmAT(lX**SEE0 "vST 9E A'i -10D INTEGER~'/
I ' PLEASE ENTER SEED -'J"EO FOP~ SUqPUTIiE'/)

REAC(5,9OoEoQ a 10) '40J
90 FORmAT (15)

PRI*4T 1:',A 40O
10 FOR*'AT (2xE.SEEO NWU$E4 13 '1150)

lip FOR~'iAT (Qx,' SEED F~ THIS Pl"" IS ',15//A
C C)4EC4 TO SEE IF SEED 15 "1TNijl SPECIFIED OUfNGS

IF(N(Y .LE. *G .P. NO' GT. 327b8) TmEPN
PRINT *,'ER Q---- SEE0 IUST 5E HETAEE! 3;)7,3

Go T,) 7A
ELSE

EsCIF
C Cf-ECx TO SEE IF SEED TS nr''

-1:1 2 W3/2.
TFP r4 l .E.. vqt 1) T'- 1"

,,U TJ 7A

ELSE
C0ITl1"'iE

F 0IF

veaI TE(~ 2,,:)
194ITE (6#60 NA

C
C

IF (1''.EQ.1) GO %~ 17S
TYPE 12-1

10 FOP-4AT(tE,* %qAP2kSTI'lATE D)F OOSITION4/,1X*, ar~I Tl* ~4
tvE £ST.1*E/,,~, j.wmEirI.TE oF ACCELEPiTt-jr/)
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C

15V' F(IRMAT(F#A.2,2QE12.5))

1 Ei2*5/)
175 TYPE 163#, X6AP# WOAO XL)C*AP
lot TYPF 19'
iqr Fug MT1IWEJTEA 1 70 CI-A IGE VAL)E.S JUST E~iTF6F7")

ACCEPT 2-0 ci
20 FOR'.hTdIt)

IF(CI .EQ. 1) GO TO 13P
mRITE (b*17L') Nt!AQ. XOBAk, ALUEAR

Cp.C "CV, VftLIES
XL3V a XA"

AC~v a XDAR

C

P41?iT 215o ,
215 Fv4-*T(2x,'?ETA IS , c./
210 0-3tq4"T(16bGz -ol. -z "oE14.7AA )*.: .7/

PRINT At, "F-.TFP 1 rr. C -A.GE - ET4,
ACCE11T 2?.", CI
IF(Cl .E,3. 1) CALL GmIK(Go Ho Ro 0)

CO"aT INUE
ELSE

CALL GH9 (r., H4. K.,F
'PITL (6o21L1) Go H4,

ENOIF
C "O~LD 'ALUJ OF 6ET% Go No AND K

mv2 r6

Kv z K

C
I F (P-4 .El. 1) GO T'j 255

2v TYPE 23.

23 F ~OP A T ( IXE iT EQ G AU 11AN j 41SE 5 1 r, A 1;,'4) 1 NIE ')
PEAU (S,2cA-iAEPR22 :) sTC1, qmPAN

2''e~ VFk-.AT(1x,"*jnISE F&CTOW 1S5 EA IS 1,F,.Z/)
250) FJP&T( 16X,'.OISE FhCTjk IS b., EA IS't*'I

25 A I;T C24P SIG, R)A

TYPE 191
&CCEPT 20'-, LI
IF(CI E1g. 1) GG TO~ 22.'
*Q1TE (c#25,1) SIC;, P-1EAN

C
SIGq a SIG
."4NV a )RME&N

C
IF( JR .Ej. 1) G9 To~ 329)
TyPE 270'
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I IA. 'ZL:ACCELFIRATIO'!/)

2, TYPE 30
30, OR"AT(1XPLEASE EN~TER Zip ZC1, 4NL ZPL')

QEAL)(5#1502.ERPm29A) Zt, Zu1, ZOD)

325 PRI'eT 31'4. Z1, ZD1, ZCV
TYPE 190
ACCEPT 20o'3 CI
IF(Cl .EQ. 1) Go TO 25-
WRPITE ( be.320) Zle ZOIP Zr D

C
zIV 2 Zi

p ZDiv z ZDI
ZDOV a ZOL)

C
XJFCNR .. 1) Go TO "15
TYPE 33-1

332 Fr.SPRAT(11,'T z Tt~c'v/.v#iL.T T1-E l.C* E'FNT,/lx,'T' TUi.r
1MkNEUVEQ'//)

C
C

TYPE 3j,!
3410 FORm~AT(lX,'~I4AX:NIJHER (,IF L,'14PIjTATI'2NAL STEPS*/)

350~ TYPL 3b-l

360 FOR1MATCIX,'PLEASE EtjTEAF To n.ELT, T14, %P:L I 'A CTr -;FW)
READ(5.37,!,EQP235) To )ELT, T~l, I"AX

3716 FOi T (3F*. 2,13 )
38? FORiAT(lXIhX= '*13/)
390 Ff'R"T(16., AXZ ',13/)

00 FOPIAT(1xp' T= O#Fb.2,' uLT1 ',F,.2,* T'i:*,z */

41 d FQPMIAT(ISA. TX ',Fb.2,' )ELT= ,Fb.2,' Ti:z Fh./
(its R*IT 3 0, IMAx

TYPE 19-1
ACCEPT 2;4,Ct
IF(CC .EO. 1) Go T9 35.1
4PZTE (6,390) P"A

C ItQLL VALUES OF To IF.LT, T*Ir Al1 I
TV z T

Tv = T"

I AXV = I-!Ax
C

1420 be!a1

C
C Cr-P',TATltuN iECT!' 11
'330 TYPE '35

43S F94-AT (IlA. ENJTER I TL P'?T JT -EStILTS FOP, FACe STEP *
QA0j(5v2p9,,EPRa'3) Cl

C

I m T + FL
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C
C STOHF VeL'.' S TO !"E PPtrTEI, Tri A (Ay
C

ZMA(I) x73

z J(I ) z( Z!)

%DbP ( )= xAf']~&

T T~ T

c

C ***. P RIT A L IJ E S T MO ED T~ A' y **w*.

-Zi(P). ox')I--JP Z) J)j) Zl t) r

C

C CmiECK TU SE.E -F 1 T.Eq OLOT-0 A -E

PQ I J -, - a I; Tf. "L':.T T~!

IF(CI .E,1. 1) TmE 4
C CALL PLO)T P--,(RA -
C CoqEC'< TO SEE -nETiE T,) PL.,T )rSJDL,.rEl-,T l'c vEL )Ci 1 ' Ty

605 FJP,,%T ('E-TEr- I TO) Q'rr 1- 3CLACE> oy vFC~ ''

I- F'TEq 2 T-- PLOT VELO4CITY VECT, /
I ' E'4TE"- 3 Tr) PLOT ACCELLRA rP I,,.CT ;p-;/

ACC PT 20,.1. C1
I F( CI .*-E. I *A~n. CI *,'I'. cl *A3C F ) ii

Pq'T t, 'PLE 4SE ET
G2 T,- t-,3

E LSE
C~

I F (C I *E,:* 1) C!L L T~ (1 ~ 1 Z
I F C I *E'. 2) C . L L P) S T ,' ; -,

I F ( C I X '.* ) CA~L L ( T r 4 c
C E 1, L T ' E

LQ .t

. IF
C

C Cm4C% Fli ,fTW.FLI-. .
TtPE 62-,

F (I Q. A ( - *T t I T' r~~l 1*I .

ACCLOT et ,
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C EINLTIALIZ-- %AmzjS TC ZNLVALUE-S

ADD3AR 2c'Z

sic- = ST.Gv
1MEAN = ;MNv

:,1 = :1 v
:oo = z'ov

G 1 V

T T V

:vA=

C .4 -

03
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APPENDIX A

OPERATING PROCEDURES

1. Procedure for running program:

a. LOG ON TO VAX 780
b. TYPE "ASSIGN EST.OUT FOR 006"
c. TYPE "ASSIGN EST.TEX FOR001"
d. TYPE "RUN EST"
e. FOLLOW PROMPTS

2. Procedure for obtaining hardcopies:

a. TYPE "PR EST.OUT"
b. OBTAIN HARDCOPY FROM OPERATOR
c. LOGIN ON TEKTRONIX NUMBER
d. TYPE "EST TEX"
e. PROGRAM SUPPORT CONTACT - SANDRA BRAZELTON/876-2295

A-I/(A-2 blank)



APPENDIX B

LOGIC BLOCK DIAGRAM

B-1/(B-2 blank)



/ y
A

A'

+ +4 +..

I t+

<X

B-3/(B-4 blank)



APPENDIX C

SOURCE LISTING

C-1/(:"-2 blank)



ormEnszo% ZDDhI' 0C),tT (1 ;)p X3'FH(1 CC)
CIANACTEA *iC NAM4E
REAL Koi(V
14TESA Cl

Cl a C
No a 1

C
10 FORMATC'1 I3X,'!NPUT SECTION*)

C
TYPE 30

30 FOR"AT('1'fl***** ALL VALUES ENTEPED ARE FLOATING POINT --'JNLS
IS OTHEA16ISE INDICATED****'//)

35 TYPE "i
4.0 90Rl6AT(lXp'0LEASE- ENTER NA"'E TO CLL THIS SET OF CUTPJT/)

so FORNATCASO)
PRINT 60, 4*V

6) FO0PlAT(1.'NAAS :i OUTPUT 13 ',AZO)
C
C
70 TYPS 31:
80 FORMAT(1X,'SEED M4UST "E AN O00 INTEGER 111f

I * PLEASE ENTZA SEED NUMSiEP FOP SUBROUTINEl/)
RE-AI5,90,ERR 2 70) NO

90 FORMAT (15)
PR14IT 13. %0

100 FOR'PAT CZXf';EED NU.**ER :S I11
110 FOP'4AT (?Xo* SEED FOR THIS PUN IS ',15//)
C CMECK TO SEE IF SEED IS 41THI. SPSC:F!ED 9ouNDS

IF (NC .Lr. 0 * Z;. NC .5T. 72764) THEN
PrNT *,;=RPCR --------SEED "UST ?E SEjAEEN C AND 327ag8
30 TC 73

ELSE
COhTINUE

=D IF
C ChzEC< T: SE: 1 SEED IS 10

4F(M1 -' . 4lST

!0 TZ 70
; J;

COSN TI :,iU-
:401F

.-RITE (6,10)
aRITE Cao0) N

*RITEC6pl1S) NC

C

IF 0F4.T2.1) C*C T0 17!
TYPS IZ;-

120 FOR'"AT(lX. X!AexguTT. OF aC:ITlVN/,1X,' XDFAR aTI!#E DEIIVA'
lV2! EST:vATC'/.IlX, X))iA~m;.STIlATE- Sf ACCELERATION'/)
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C
13.; TYPE 1*0
140 ;O'A(A,3ES E-TER XlAqpXDlA2, AND XDDAR0)

Cl 2 C
~?E0(515,E~~21))X3AP, X09A4, XD08AR

1SO FOR"AT(F.1.2,2(E1Z.5))
160 F0P4ATC1A*' XSAR= ',F9.2,* X111APA 9#E1Z.5v' XOOEA-5aEZ.J
17) FORPATC14W, XSA~u ',F .2oO XD9APj ',f12.5,o' X:Dc!Aqu

175 TYPE ISO, XSA;, X~AA X302AR

180 TYPE i;0
190 FORMATCX,'!NTER 1 TO CHA4GS VALUES JUST ENTERED')

ACCEPT 200, Cl
200 FOR'qAT(I1)

IF(C1l~ 1) GO TO 130
*RITS Ct,170) XFARo A03A;, XD~iAR

C
C HOLD VALUTES

ESV 2 XAR
X06V a DA

IF (N2 .E2. 1 ) TA'
POINT 21C, c-o He
POINT 21S,2

210 FOR!*ATC1:Xe'32 ',E1...7,' Ha ',E14.7,' Ka ',El 4 .7/)
29I'4! *o l'T7P I TO CHANGvE 3ETA'
ACCEPT 20G, Cl
IF(Cl .EQ. 1) CALL 3H<('! , Me, 3)
CO NTIANU S

ELSE
CALL GHK (Go He. Ke 6)
'uRITE Co,21,:) Go H, k(

C HOLD VALUE OF dETA So He AND K

4V 2 )A
14V a

C

22) I -E _

Z311 F,)2WAT(lX,0cSTEz 5AUjSI' NOIST ZISMA A-AD '401;= vEAt')

2'. Fc;'ATClA,"4CISE ;,'71 14 ',V3.2,' *A TS 'o,'.21)
5) F)J1"T(1:A,'C:SE: .:CT0'; TC'al Z~ VEIN

TYPE 110
.&CCsp' Zoc, ci
IFCC1 .Ea. 1) Go TO 223
vdRITE (6o250) SIG, QMEAN

C
5GV2 SI

;NV a Pm.EAN
C

IP(N4R .. 1) .iC TO ;25
TYPS 270

273 FlR4AT(1X,":1214.:r:AL T7UE POSITI'5N' /1X,lZ01 T:mE DERIVATVE,/

dL 
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r

cl
290 TYPE NCO

F-: R'*AT(I4,''OL!AS-: E'ITEP Zi.- ZDlo AND !DD-)

310 F0R'AT1A, :i'i25, Li ,EIZ.5ol ZI)Du ,i.i

325 PR14T 310, ZMg 13ol ZO
TYPE 190
ACCEPT 2Z30v Cl
IF(C1 .EQ. 1) GO TO 210
',RIZ C 3,320) Zli ZDI, ZDO

C
:IV asl
zD1V a D
ZDOV w ZOO

C
:Fc4R .5;. 1) GO To -15
TYPE 330

330 FICmAT(!A,"' z T!',-'/X,'DSLT T:AE NCFE'ET',/Xo'T"

TYP=E !,..
34 FOQ'AT(1A,': AX=NUAzz- :F C2!A0JTA7!0NAL S'---S'/)
350 TYPS 3oO

Ci aC
36J FOR"ATC1tX,-oL:AS! ENTZR 7, iLTP T:,'q ANC :4AX ,TE)'

REAOC!,37O,ER~l323O) T, ;O-L7P T-M, TfAX
370 F0R!*AT(3F*.2,lI)
3a*) FOtmATC1X.-'l'4AA ',131)
310 EOPMATClcX,.YAA= lp,3/)

410, FOR"AT.15X'' Ta ,Fi.2,' 0.iLT= ~2 4 ',-Ft.Z/)
415 PRI?4T 3$0, ImAx

POINT 4GO, T, )ELTr TA
TYPE I
ACCEPT ZOo Cl
:F(Cl .El. 1) 00 TO 350
4rr p a'.7 - :,*AX

-1 IT~ E (,41C) T, )ELT.- T"

C OOL V&LJES F Tr DELT, T", AN ,)
TV
Tl'V z '

:cVz :L
;mAXVz

C

C M*..*~*w OVPUTATICN SECT:04

43 TYPE 43%.
Ci 2 C

435 F3A~AT Cix'' ENTZ2 1 TO ~i)J1T O.ESILTS FOR SACH ^ST-P 1)
A 3( 5,p 2 =4,T.-.) C 1

C

T a T* OSLT
:F (T .LT. TV) 1: TO 45:
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7i.5 w (T-r*,)

Z x ZI *P ZO'T
IF(T rit.. T'4) Z aZ # ':. ZDV * T-TP)**2

C
CALL GAUSS (NCpS,5P.EAi4G)
Y x W4*

C
C

lF (r .El. I ) GO TC 460Q
C********* ESTIMATE AT CJZRE.NT rzTN

C NEXT TH4REE STAT9-METS AR: SK!PPEO CN F!RST P433

XSAR a XvNAT + S w CY-XihAT)
X03AR 2 XOI4AT + (4/ZELT) v (Y-XI4AT)
XDD3AR 2 XOONHAT + (( 2 * I)/(OEL?**Z)) * (Y-XHAT)

C THIS :S 7'4E LY C FCR THj- 9:RST PASS

C

XPOINT X'UT:%r4

C

C4 4. FOR*A(lJ, f'lFSLS FRS'TEP Ali TO3/ I'TO

IF:T ( , 41C) ~OT ?

43C FOR'AT(lX,''SULTS VIA2 STEXo XDS; PS XJ)R

nOqZrte~ 510)

5 5 1 FOR%!ATC3X,9X2AA

560 Fl0R4T(!7X, 3(-12. 3, 3X), )

5 7 F)APAT(lA,'Y% *,--1.5o,3Y,*(Y%,rAT) a
C
C ****&'w ENO IF ;SCTXON4 TO 4- KPE
C
C
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47-' cNri~us! cl -4 ; LY 32:!IT VALUES STORED 1,1 APPAY

C STOOE VALUES TO ;E I'T l 1 AN' ARPAY
C

Z4C1) a Z
X3AQHMC) = *~
ZDt4(i) m ZO
XDEARd(I)z X09AR
ZOONCI) a ZDD
XDO-3W4 C) a XDBAR.
TTCZ) a, T

C
440 CONTINUE
C
c P~-~ R'INT VALUES STOPS) IN JDP*Y ******

.RrEC~,533)

DO 59C J1? = 1-'I"AX

1 ZD~l4CJP)f A0024(,jpJ

590 CONTINUi
C
C CHECK TO SEE .HE1%mF; PLTr A;=- oANTTE,

P'!IIT *,* S4TS; 1 TO OLCT )ATA'
ACCzPT 200. Cl
:F(Cl .5Q. 1) THEN1

C CALL PLOT 'QGGqm-4
C CHECK TO SEE -METr4EP TO 2LZT DISPLACZE NT OR VELOCITY VE-CTCRS

633 TYPE 605
@05 FOR"AT C0 ElTiR 1 TO PLOT DISPLACE4ENT VECTOR'/
1l ENTER 2 TO PLOT VELOCITY VECTO~I/
le ENTER 3 TO *LOT ACCOILEPATION VECTOR/1)

Cla 3
ACCEPT 2C:o Cl

IF(C1 .NE. 1 .;,%. Cl _%E. 2 .SN. Cl *NE. 3) THEN~

PP';.T *, IRLE4,E E-NTE; 1 S2 Z OP V
SC TO 603

E'401 FNu

I F( c1 .3.1) CALl- PzS7 (TT,=A,,AP'"Xr't)
.F(1l .E I. :) !-'LL 0?7 T~vAZWZ~,Jh

FC1 -:4. 7) CALL 3r(, OOr.Y.NAE

El 'D! F
C

P2INT *@'o 4A*E
W01TE0P61D NAYE

46 1 FORAT(lX,'E.%o Of J.'4 F .R PlOGRAll ,.A30)
C
c C'4ECIC FC4 ANOT4ER qUN4

TYPTE !2
.4 2 1

20 FORAA C' E'4TER' 1 T; -AK-= AmCTHER PUN 1)
ACCEPT 200o %A~

c- 7



:F (NO .-:2. 1) Th~l
C E:%4::AL:ZS '4A%!ES 'C ZTIUN;L VALUE3

XDOSAR a XCD*V

RPSAN a IN
Zi a ZIV
Z01 a ZDIV
ZoD a IDDY
8 a B
G a v

H MV

T 3TV

Tv T'4V
DELT a D=LV
:PAX a r.Mxv
GC TO 5

ELSE~
CONT.NUE

:4 DIr

STCP
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SUBROUTINE PEST

SUBROUTINE PEST (rrvX~lcXf)2jIAX,.JA.AE)
C THIS SUBROUTINE PLOTS TImE VERSES TRUE POSITI'M;

CHARACTER *80 NAME
CALL INITT(120t)
CALL BI'JITT

CALL NPTS (IMAX)pp CALL CHECK~ CTTXD1)
CALL DSPLAY (TTXDl)
CALL CPLOT (TT,XD2)
CALL LAB3LtT (80',NAm.E31A,7Cia,l)
CALL F1 ~iI T U' in'.'-)
PETURI1
END0

SUBROUTINE BETA

S ~ 3ETA r-,')
C T-HIF PGV CALCjL\TES ;--T,

;EA L'
'~': * (* LEASE t"Er TIl'! Cr) .STA4 ')

5 1 ~ *,e ;I FLAS W jiTrl LELT ')

AT( .2:%)-C T 1, S 2

2I . 7 1 , 1

9 11 FrlI-AT(lx, LAMbt.,A *-&.,ELT = ,Eib.0)
E ** A

C-9



SUBROUTINE GAUSS

C SUBROUTINE GAUSS
C
C PURPOSE
C COMPUTES A NORMALLY DISTRIBUTED RANOO4 NUMBER oITH A GIVE
C MEAN ANO STANDARD DEVIATION
C
C USAGE
C CALL GAUSS(IX#S.AMPV)
C
C DESCRIPTION OF PARAMETERS
C IX -IX MUST CONTAIN AN 000 INTEGER NUmBER
C LESS THAN 32768 ON THE FIRST ENTRY TO GAUSS. THEPEAFTI
C IT WILL CONTAIN A UNIFORMLY DISTPIBUTED INTEGE' FAV'OO
C NUMBER GENERATED BY THE SUBROUTINE FOR USE O THE N'EY
C ENTRY TO THE SUBRUUTINE.
C S -THE DESIRED STANDARD DEVIATION OF THE NORMAL

C DISTRIBUTION.
C AM -THE DESIRED MEAN IF THE NORMAL DISTRIBUTION
C V -THE VALUE OF THE COMPUTED NORMAL RANOOM VARIAdLE
C
C REMARKS
C THIS SUBROUTINE USES RANDU WHICH IS MACHINE SPECIFIC
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C RANDU
C
C METHOD
C USES 12 UNIFORM PANDOM NUMBERS TO COMPUTE NORMAL RANnDOI
C NUMBERS BY CENTRAL LIMIT THEOREM. THE RESULT IS THEN
C ADJUSTED TO MATCH THE GIVEN MEAN -PiD STANDARD CEVIATION.
C THE UNIFORM RANDOM NUMBERS COMPUTED WITHIN THE SUBROUTINE
C ARE FOUND BY THE POWER RESIDUE METHOD.
C
C ...... ...... *............... . ................. ...............

C
SUBROUTINE GAUSS(IXS,AM,V)
A=0.,

00 50 1I112
CALL 7"NDU(IX,IYY)
IX=IY

50 A=A+Y
Vm(A-b.J)*S A4
RETURN
END

C-1O



SUBROUTINE GHK

C THIS SUSROUTINE COMPUTES THE VALUE OF Go H, A'JD K FROM BETA
.C

SUBROUTINE GHK (Go He KY)
REAL Ko KV
INTEGER C1

C
C THIS SLOCK DETERMINES IF BETA wILL aE ENTERED FRO*1 THE AFYEOAIr,

C OR COMPUTED VIA A CALL TO SUBROUTI:iE BETA.

C
20 PRINT ',p ENTER I IF YOU VANT TO ENTER THE VALUE OF 4ETA FR

1 THE KEYBOARD,
NB = 0
Cl z
READ (5*44,EPR = 23) NO

'40 FORMAT (11)

IF ( NB .NE. 1) THEN
CALL BETA (6)

ELSE
60 PRINT *P" PLEASE ENTER THE VALUE OF SETA'

READ (5*80pERW a be) B
so FORMAT (E16.Q)

ENDIF
C
C
C COMPUTE THE VALUE OF Go H, AND K. RETURN VALUE IN Y
C

" x 1. - Y **3
H = 3./2. ( C 1. - Y**2) * (I.-Y] )
K 2 1./2. * C (1.-Y)**3)

90 PRINT 1 00, Y
18 FORMAT (15XP' THE VALUE OF BETA IS °,Elb.9/)

, W RITE (6p t30) Y

105 PRINT 110, G, H, K

110 FORMAT (' G IS ',E12.5,/' H IS **E12.5,/
I * K IS *,E12.5//)

PRINT -, " ENTER 1 TO CHANGE VALUE OF BETA'
ACCEPT 140i, C1

IF (C .El. I) GO TO 21

140 FORMAT (It)
RETURN
END

C-A1/(C-12 blank)
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