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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 SHORAD battalion elements.
Provide track information froam the various sensor inputs to
SHORAD C2. This involves track management functious 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 cf. Track management func-
tions include the maintenance, correlation, triangulation and smoothing of track
data. This report descibes a2 technique for smoothing noisy track data using
& GHK discrete time-recursive state estimator program. The GHK estimator ‘is
useful in smoothing noisy track data obtained from noisy measurement sensors
in applications such as the c? systen for SHORAD. 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 ia choosing the original values. In additionm,
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 pogition 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
l. Main Prograa 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,




XDBAR
XDDBAR

G,R,K

SIG

MEAN

z1

xnl

MAX

8.2
E2.5

" E12.5

6.9

K2.5

F6.2

P6.2
El2.5

 E12.5

P6.2
?6.2
F6.2
13

Estimate of position.

Time derivative estimate.

Bstimate of acceleration.

BETA > BRETA may bea entered from the keyboard or
computed. Please refer to calculation section
for computation.

NOTE ~ G, H, and K are a function of BETA.
Please refer to calculation section for
computations.

Noise SIGMA.

Noise MEAN.

Initial true position.

Initial time derivative.

Initial time.

Time increment.

Time of maneuver start.

Number of computation steps.

All inputs except IMAX 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

C
DELT

B. Computations

F35.2
P5.2

Time constant

Time increment

1. Subroutine BETA-BETA is computed as follows:

E = 2,718281828

LAM = 1./TC

X = LAM x DELT

BETA (B) = EM*X

80 BETA = ,967216134.




2. Subroutine GHK
G=1, - B#3 :
H = 3./72. x ((1.~- B##2) x (1. = Y)); (Y = noisy position measurement)
K 2 10/20 b 4 ((10 bd !) '.3))
3. Main Program
a. Target Computation
Target acceleration is computed as follows:

20D = 78.5 (T-TM)

User inputs
T « Initial start time
™ - Time when maneuver starts
Target velocity is modeled by:
Z1 - Initial true position
ZD - Time derivative
T - Start time
IF (T .GE. ™) Z =2 Z + 0.5 x ZDD x (T-TM) ##2
(0.5 x Z2DD x (T-TM)##2) = Position change due to maneuver
b. Noise Modeling
Subroutine GAUSS - Generates random numbers
GAUSS (NO, SIG, RMEAN, WG)
NO =z Seed
SIG - Standard deviation
RMEAN 2 Desired mean of the normal distribution
WG = Value of the computed normal random variable

Y = 2 + WG (where Y = noisy position weasurement)




C. Logic
1. Estimating Logic

XBAR = XHAT + G x (Y-XHAT)
XDBAR = XDHAT + (H/DELT) x (Y-XHAT)
XDDBAR = ZDDHAT + ((2 x K)/(DELT**2)) x (Y=-XHAT)

2. Predicting Logic
R = (DELT**2)/2.

XHAT = XBAR + XDBAR x DELT + XDDBAR x R
XDHAT = XDBAR + XDDBAR x DELT
XDDHAT = XDDBAR

IITI. 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 Pigure 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
fllter states correspond to the true state values and on the filter damping
design, which is determined by the choice of BETA.

o e ————




TABLE 1. Detailed Step by Step Results

InPUT SECTINN
[ZI XS ZNESALAASEIERE NI ARZZEER SRR ARSI S22 R 2SR X2 2 R2 2R 2 R X2 N X
NA¥S GF QUTPUT I3 DISP VECTG? NO NIOISE NO MANZUVER
SEZD FOO THIS ®~UM IS 1
XZA= 1027390 X02aR= =0,15C0J€+03 XDD3AR= J.03CSCe+0Q0 -
THET VALUE QOF 32TA IS 0Q4947000J308:z+00
33 JeB37c3332=31 K= J,32133942=N2 K= (,179¢%463¢=04
%313 FACT2O (S Cal? xFAN IS Jel3

1= J.1272°02%25 I01= =0, 20700c403 7233=  S.335008+03

T= :-:C '-\ELaT= ').10 T“= 1:.]:

[IAARAR S A RN R TR R R R FEE SRS R RS AR R 22 22 R 22 X2 2 R 2 Al Rl a2l




9ESYLTS FIA §TE?

T X.AR X22A2 XDbJ3as
C.1C00024C 341027054535 =0.153202+03  C.2500E+02
XHAT XOHAT XDOHAT
0.1G255E+35  =2.150038+03  0.009008+20
z 20 200
3.997038+4C4  =0.303055+03 0.00002E+GT
XA =~ 1 XDEAI=LD XDDB5AR =230
2.3C00C2+03  2.15203E¢05 2.08908Ee0N
Y= G.9970Uc4ué (Y=XHAT) = (27500237
RESULTS FOR ST:z? 3
T X:AR XDBAR XDD3AP
£.23000:+405 3.102258+05 =C.1£312:#55 =2.111273+401
XHAT XJHAT XO2dAT
0.192C9E#05  =G.153233+33  =C.113222+31
z ) 200
2.994008 ls  =3.7C20050053 2.2203824C3
£4R = 2 KD AR=IT XCDFAA=219D
2e2563334CT  2.13750I605 =0.113202¢01
Y= C.33433I404 (YmARAT) = =l 253211407
3ITSULTS FOR §7%°? 3
T X2AR XC3AR XPL3AR

0.3G0322+C2 C.10133€+L5

“.al14924E%03 =04,2275%5+01

XAAT IDKAT XDIHAT
Je 10152235 =Za177252%582 =Qa2255084
z In 182
0a$?1237400 “Cg3lLN el Ced2iN22el0
6

afiihnctuth,

e . o e Y aidhatuitt
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X3A = ! 0T

0 b} XDLE43~12C
Ye270232402 24132 g

33 =0.22255%+31
Y= G.$31308¢24  (Y=XmaT) = =3,233298+:7
q

3ULTS FOR 8T:=? 4

1a
n

T X3 AR X03A3 X203AR
0¢60009:+03 0.121322+33  =2.17915E+)3 -Ne322342+51

YHAT
2.101135+05

-4

[ W]
»
(V1]
O
(o
[}
<y
"
*
CJ
Lt
C,
»
—b

XmAT
Ce120742+52

AsA = L

Selb247E402

Y= C.57530=+(%

A0AAT

-!J-‘t ”54,5’3)

-
AN
N D LR
- - .

XZEAI=L0
Ze1117124+22

(Y=YKAT) =

XDOHAT

~C.322342+01

-
132

EEalataiali-R FUEe
.~ AR '-*a\.

-~ pnoa

o

- . -
+ T

e oW v + -

XS :AR=ZI0D
“2,61273€+01

=2e22%047403
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300002427 Ca12
XHAT

2« 103530E+05

b4

0.9320Cc*04
¥34R = 1
CedlQ3TE+TE

T
J.7003Cz2+2)

KHAT
e PV3n2E400

24?7345 % 26

il
&
a
©y
-4
for
v
\24

X
G
[ 4

ITL4FE+0S =L

ADHAT
=Ja197175¢20

(Y=X~3T7) = =C.
FoR $TEP T

X7TAR
2.13337c405

XDrAT
-2,2054724+22

o
.,
“
o
(11}

s
LY <y

(9}

XDHAI=1D
Se7SiI7ERD2

(Y=XHaT) = =

A3AR

0AT

=Jeld13etE+2]

T
&
«er

-~ o~
- em

SAR
[

3
-3

XODHAT
-Da5C08¢¢

+01

Z00
J.02C0J=+0C

X2=43=1D XJ0D2A8=120°C
10334675+7%35 =24307%:42+C1

XC2AR
‘0:7":*03 ~Ca3

XDDHAT
-0.594328+21

XD AR XDOEAS®

“0.2127I$0T =3, 477272401

)
"

w XX
a8 €
s
4 x
\Jl’
ra =4




z H4 td

2e3740l243e SUeTII05T453 S« CI0QCERIC
X3A% = I XDFAN=1) XODIAR=2DD
Ja234353E%G3 Te3728424220 ~C.67729e+CH

Y= 0,97000E+34 CY=XMAT) = =0.1c3228+4(3

FESULTS FCR STe? b4

A2 XngAs Xxsopeaz
2IE+C4 =l 22078E%I3 =CLT7E3INECIN

XHAT CORAT X2T44T

JeI®JIV2+54 RANTR s RUE-R St ~Ce732512%C1

< 35 03

Cad7330340a =Ja.Z3C0 23+ JeD23302+02 .

KAR = XI2AR=ID XPOSAR=IDD
Ta192322+C3 2777353422 =0a753215+01

Y= J.9730303I+34 (Y=XRAT) = =] 170273437

T A2AR X2sAR 2024z

34105032+ C1 1.733132436 =0,2770T5623 =0,0240525¢01
(4LT t)-aT XD24AT
Je?3537 2404 =220 ITEenT “De1l8l5I%
4 e v
CadTLilTE+CH =Ce3332)0%403 APSSRIVELIE-R Jolv

XLAR = 2 XDcas=1I) XID 3AR=ZD0
Je1E1312432 Ja723328#51 =la2627:+01

Y= Q49730031+ 74 (Y=XRAT) = =5.955727+%3
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T Xo A= KDTAR X220 342
34110322200 ZeF3adnE*e ~3eil6303+03 -7439227E+21
XOHAT XDDHAT

g§172s+04 ~3,23525z2%23 “G,19337+01

z 100
0.34700CE* 24 -3 2.23°00£+4C0

XAR - XxD:43-20 XDJoAP=IDD
Je458425922 ~3,29357¢+M

b4
M
177552423

~

(11}

, - -
2,127 17z¢02

Y= C.98730Z+24 (Y=Y¥4T)

3:1gLTs €03 sTE2 il
T XcA? L2 2AR X2L A
30123232+71  2.33002E+ls  =3.262542403 -0.2575634 21
XHaT XDHAT XIDHAT

~0o2419555%23 =24737345+C1

4 o e
PP LT INEE SV =20.30330Le*35 2.270332+20
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77015
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MAIN PROGRAM

[ THIS IS 4 SpK EST AT yw
OIMENST O 21 4), 2da9e () v ), Zow(l 1), XD=AZ=01. )
OIMENSTUN 20Pe( 1) o TT(L03), aDLAGHCL )
CHAIACTER «ay nNaME

REAL «,%V
INTEGER C)
R 3 (DELTe#2)/2, =D
S W B Y,
cy s ¢
NO 3}
c
12 FORMAT(®1%, 300, INPUT SECTION?)
2y FARMAT( I X s A AR At A A RN AR A AN R RS AN I RART AR AN C N PR RRN NN
1‘0""".""'.'QQ'*""C'l"ﬁt"'."t't"".t..'vQ't"Q’)
C
c
TYPF 3
3 FARMAT( 1%, eeennn ALL YALUES ErlehkE ARE FLOATIrG FNI"TY ew it £5
1§ OTHERWISE I“NICATERxwwe’//)
35 TYPE 4o
) FORUAT(L1¢, "PLEASE E~TER 4AME TG Call THIS SET ¢ wIfaT?/)
REAN(S,Sn) iavg
S FORVAT (AR )
HRATLT ety iavg
o¢ EOR “aT{1AR, " vANE IF LJTPLUT IS *,43v)
C
c
79 TYPE 8¢
LTV FOR“AT(LX,*SEED %UST RE A'i Q00 INTEGER /7,
1 * PLEASE ENTER SEED wuvrERr FNF SUBRNUTIE’/)
READ(S,9D,ER? = Tu) Q
9 FORvAT (IS)
PRINT 134, O
198 FOR“AT (2X,*SEED NUMMER I3 *,157)
11¢ FORYAT (QXx,* SEED FOS TrIS RuN S *, 1577

C CHECx TO SEE IF SEED IS wlIThIn SPECIFIED BOUNDS

IF(ND LEs »w LGP, NU T, 32768) THEN
PRINT ¢, ERRQRww=mwa SEED 4UST 3E HETAEE" - 17 327m3°
GO T Ta

ELSE
CONTIMUE

E~NDIF

C CrECKX TQ SEE IF SEED 15 "pD

ryl =2 w/2

-y =2 NG/2,

TF(tHy oEBw, mr1) TrEN
PRINT %,%eeceaflR)Nee="’
GLU T) 74

ELSE
COuTINGE

EnDLF

wRITE(8,1-)

wit [TE(6, 210

wRITE (6s60) MAME

aR[TEC(O, 1Y) ~NO

c
c
IF (MR,EA.1) GO Tu 17S
TYPE 120
1ev FORMAT(1X,° QAPSESTIMATE OF O0SITION®/,1X,” aNvpc = T1-F FE31val]

tVE ESTIAATE /, 1%, * xDVHANzESTIMATE OF ACCELEPATI e */)
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c N
13w TYPE ta.
1an FORAAT(1 X, *PLEASE E-TLA ASaw, xNUAK, &) XJDsA=*)
Cl s 2 .
REMI'(S,15 HhERFeI3r) xrAr, X, Ravw, XDPRAW
150 FARMAT(FAL.2,2(E12.5))
1ov EORMAT(IX,° XBARE *,FA_2,% UuhAwg 7,E12,5,° X1d~arvs *,E81¢,57)
179 FORMAT(14X,° KRARS *,FA,2,° XDhakZ *,E12.9,° YaymsFs *,
1 £€12.597)
17% TYPE 163, XBAP, YXVDRAR, xXDCBAR
182 TYPE 194
19¢ FORMAT(LIXe ENTER | TO CrAIGE VALUES JUST EnNTE-ED?)
ACCEPT 240, (1
209 FOR-AT(IY)
1F(CY LEQ. 1) GO 7O 132
WRITE (6,172) xHaQ, XCB3Ak, xyDEAR
c
c “CLM  VALUES
XEBV = X'AR
ADRY T XDRAR
fDURV = XUDSKAR
c
IF (MR (B, 1) TwIN
FRIUT 21D, Le ty n
PIInT 218, =
215 FORVAT(2%x,“2ETA IS “,Ele,.2/)
21e I AT (16X,°G2 *,e1d,7,° 2 *,Ela,7," ks %,C14,77)
PRINT %, *ENTER | T0 CwaGE RETA’
ACCERPT 2w, (1
IF(C1 «EJ. 1) CALL Grr(G, H, %, b)
CONTINUE
ELSE
CALL GHX (i, My, nr, 3)
wRITE (6,211%) G, H, «
ENDIF
C HOLD VALUE CF ®BETA G, N, AND K
GV = 6
ry =
KY = X
ARy = 3
c
IF (N Eb, 1) GO Tu 255
22v TYPE 23
Cl s 0
23v FORMAT(1Xs*ENTER GAUSTIAN 4OISE 3I6G6MA A%D NOISE ~Fan’)
READ (S,200,EFR=221) SIG, AIMEAN
24¢ FOR“AT(1x,"YNISE FACTI® [S *,Fb,2,7 “EA! IS *,Fn,2/)
2S5+ FOPaT(16X,*%0ISE FaCTun 1S *,Fe.2,° "E&n 15 7 ,Fn,2/)
25% PTLT 24, SIG, muFaAs
266 FORMAT(2F0,2)
TYPE 191
ACCEPT 2+, L)
IF(C1 .EGe 1) GC TO 220
a3 ITE (0,25.') SIG, FA4tar
C
SIGv = SI[G
WMNY 2 RMEAN
IF(IR ,Ede 1) GO TO 325
TYPE 27
279 FORCATCLX, “Z1SINITIAL THOUE POSITIOMY/1%, 20130 1“F | ERTVveT[VE’,/
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1 tx,“2UD=ACCELERATION/)

28¢ c1 =
29¢ TYEE 32)
30p FORMAT(1X,*PLEASE ENTER 11, ZD1, anu InL?)

QEAD(S,15¢, ERR2299) 21, Zul, ZD9
31¢ FORMAT(1X,* Z13°,E12.5,° ZD1= *,E12.5,° I7C2= *,£12.5/)
320 FORMAT(15X,* Z13°,E12.5,° Z01= *,£12.5,° 2ZP"= *,F12,5/)
325 PRINT 31w, 2%, 2D1, ICC

TYPE 19¢

ACCEPT 209, Ct
IF(C1 .EQ. 1) GO TO

234

WRITE ( 6&r320) 21, 201, ZPO

C
2iv 3 21
Z01v 3 IDL
DoV = ZhV
c
IF(NR LE%. 1) GO TO 4315
Y{PE 331
132 FORMAT(IX,°T = TIME®, /1Y, NELT = TI“E J*CREMENT®, /42,7 = T & IF
{MANEUVER?//)
C
C
TYPE 3ju.
340 FORMAT(1X,* IMAXSNUMHER OGF (O9PUTATICNAL STEPS®/)
31S¢ TYPE 3e&
ct =
160 FORMAT(1X,*PLEASE ENTER T, NELT, Tw, aAnL  Jav (J~TFKEI) %)
- READ(S,374,ERR23S2) T, pELT, T, IMAX
37¢ FOR“AT(3F0,2,13)
382 FORMAT(1X,”IMaX3 *,13/)
392 FARVMAT(16X,"IMAXZ *,13/)
4oe FOPY“AT(IXy»® T2 *,Fn.2,° UELT= *,Fn,2,° Tuz 1 FRo2)
41 FOQRUAT(1SX,°* T2 *,F5.2¢° HELT= *,Fb.2,7 Tii= ‘eFh,2/)
41S PRINT 384, IMAX
PR INT dorY, T, DELT, Tv
TYPE 194
ACCEPT 2., C1
IF(C1 .EQ. 1) GO TN 35S,

ARTITE (6,39u) Imax

WAITE (o,412) T, DELT, Tm

ARITE(®,23)

C HOLD VALUES OF T, DFLT, T4, ary [vax

[TuN SECTT % saxstenersaatentesr

TU PRTIT RESULTS FCR EACw STEE )

Tv = 7
Ty = T
CELY = TELT
Iaxy = [*“:ax
c
“NITE(6sn27)
4w FOY«aT(*1")
c
C raasnesnnatansw Crvp;TAaT
43e TYPE 435
Cl = &
43S FORMAT (1%, ENTER |
READ(S,200,ERK243)) C1
c

. CALL GAUSS (NQ,SIG,PMEAn, . .5)

09 e I=t,Imax
4 T o+ DELT
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c .
c STONE ValMUES Ti) AE PPINTEN, T g+ aADLpy
c
ZnL ) s 7
XAAve () = x3aQ
IALIG®] s In
XOpaRH([)= sDmaR
I00=Ci) = z0¢p
ADO=M(l) = xD1BAR
TT([) =7
c
44¢ CCNMTIHUE
C
c sawatwnnr PRINT VALUES STORED To ARNAY snstspesnasntese
AkITE(6, S90)
SAn FOE*\AT('l','STEP’.AK.'Z'.1.'l,'xuﬁ",l“X,'Z‘)',x‘t."":'\r-',
1 AX, 720D, 10X, xNN3AR’//)
c
00 S99 JP = 1, 1+14x
*PLITE(6, 00™) JP, ZR(JP), xzt3v-0JP), ZC0w(4®), € &An=(F),
t 20D 4(JP), XMIRH(JP)
612 FLR AT (11X, 13,0014, E12.5)77)
S9¢ contraut
C
C CRECK TU SEE wrETSES OLOTS AME wanTe™
ri="
POLLT «, % SULER 1 TU AL0T NaTac
ACCEPT 2, Q)
IF(CY LER. 1) THE
C CALL PLOT PROGRAM
C CHECK TQ SEE wrgTHER T PLUT DISPLACESRST 18 yEL ICITY we T -3
h93 TYPE &¢S
60S FORMAT (% ENTER | T0 ©UATr I3CLACEYE i vECTe <’y

17 FUTER 2 TC PLOT VELOCITY VECY v/,
17 ENTE® 3 TD PLOT ACCELERATI +rCT /)
ct = =«
ACCEPT 2va, (1
IF(CY oEe 1 JaP, €1 18, 2 Jan0, C1 4 .Fy 3) TR
PRIT e, *PLELSE ENTE2 ) TR D> - 3

G Tn 403
£LSZ
Cs,a iTi-t
£ IF
IF(Cl e, 1) CaLl PIST (Th,vepwe 2, Tvae, 2 kD
[F(Cl Eu, 2) CALL PA3T (17,0t v, =, 1 ey, & 7
IF(CtL 5, ) CALL 2% (T7, 0w, i, T 2y, g

[ Eviy TF BL0T w "I E

TLSt
0.7l .wse

£ LCLF
C

PRIST aloy €

*SITE(A,nL) rack
61 FORMPATOLX s “Ene F JOk FrE C%i ks 2, 50 1)
c
C CHEC Fivh ASNTHER Wors,

TyPE p2

Ml 30
62¢ FOR AT (% E T¢R | T4, ~awp A" Tub& nor, )

ACCLPT g2v,, &
IF (rx JE«, 1) IrEr
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IF (N3 «23. 1

C 2ZINITIALIZ: Nav:s

XZaR = L2

X934 = x

XDD3AR =

SIGC = 51&

IMZAN = 2

11 = 11V
1 =

0D = o0V
3

3 = 3V
& = 3V
H = 8V
K = «y
T = TV
Tw = T4y
JILT = IV
IMAA = Iwaxy
CINTINUS
INSIF
57203
IND
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APPENDIX A

OPERATING PROCEDURES

3 1. Procedure for running program:

a. LOG ON TO VAX 780

b. TYPE "ASSIGN EST.OUT FOR 006"
c. TYPE "ASSIGN EST.TEX FOROO1"
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-1/(A-2 blank)




APPENDIX B

LOGIC BLOCK DIAGRAM

B-1/(B-2 blank)




o

WVAIVIA A00719 219071

{r{\i‘.l RN PR . - e et e

B-3/(B-4 blank)

e e e v e



APPENDIX C

SOURCE LISTING

C-1/(=-2 blank)




C Al PROZAANM
< THIS 23 4 GMYX E23TIMATER
JIMENSION ZHC1GC), X2423N(130), I2H(102), XJ22APR(11}D)
JIMENSION ZD0Mh(130),tT(1C0), XJCSH(100)
CHAPACTER *3C NAME
REAL K.KV
INTZ5ER ¢1
5 s = 0,
€1 = C
NO = 1
C
10 FORMAT(®*1°',35X,*INPUT SECTION®)
20 FORMAT (I X s A A A AN A AR TR R P TR NP R AR A NN AN ON AN O R W E TRy
1 """'..""Oiﬁ".*"t.t.""'ﬁt0"""0'.'0'1""..". .)
C
¢
TYPE 30
30 FORMAT(* 1%, waweww ALL VALUES ENTERED ARE FLOATING POINT ==UNLES
1S OTHERWISE INDICATZDewnn'//)
35 TYPe 4§
} 0 EQRMAT(IX,*PLEASE INTER NAME TO CALL THIS SST OF CUTPUT'/)
REAI(S5,53) Navg
50 FORMAT(ASQ)
PRINT 503, NAwE
. 49 FARMAT(1IX,*NAME JF JUTAUT IS ',A5])
<
! ¢
70 TYPe 3¢
80 FOAMAT(IX,*SEED MUST 32 AN Q00 INTZGRER '//.,
1 ' PLZASZ ENTZIR SEZD NUMSER 732 SUSRQUTINE'/)
RZAY(S,90,83R = 7Q) N©
990 FORMAT (IS)
PRINT 13J, NO
9 100 FORMAT (2X,"3JEED NUY3ER IS t,1%7)
110 FOPMAT (7X,* SEED FOR TWI3 PUN IS ',I5//)

€ CHMECK TO SEZ IF SEED IS «ITHAIN SPCSCIFIED 3IOQUNDS
IF(HO oLE. 0 o38e hT  o53T. 32788) THEN

PRINT #,'3fRQR====== 5E30 “UST 28 2ET4SEN { AND 32768°
30 12 73
EL3E
CONTINUE
SNOLF
¢ CRECZC TS SEZ IF SZzZD IS 202
NH1 = NC/2

ANT = NO/ 2,

IF(NHT 2%, 4N1) Tasd
PRINT #ple==gRaji=="?
0 T 7]

INDIF

wRITEC6,19)
aRITE(5,2])

WIITE (4,50) MAMS
«RITECL,117) NC

4
[
IF (NP Z3.1) GC TQ 175
TYPe 1.7
1208 FORMAT(1X,* X3aP= CF OCITTIAN/Z,1X," XDFAR = TIME DEIVE~

ZETIvATE
1VE ESTIVATC"/7,1X,' X39383=2:STIMATE IF ACCSLERATION'/)

c-3




150
169
172
175
180
190

230

“©

215
219

273

TYPS
FORMATCIA,"2LEASE

18

SNTER X2AT,AD3IA2, AND X0D24AQ¢)

c1 = C
READ(S,15),23R2133)
FORYAT(F3.2,2(E1c.3))

X24P, XD2AR3, X003

FORPMAT(14,"*
FORMAT(13Y,*
€12.57)

TYPE 140, X9A2, XD3AR, X2D3AR
TYPE 150
FORMAT(IX,*ENTER 1
ACCEPT 200, C1
FORMAT(IY)
IFCCT o%5. 1)
wRITS

ABAR=

' ,F5e2," XJ)OARE ', E
X3ARs ',

",F3.s" XDEAP=

50 TG 135
(4£,173) XSAR, AD3is, XDO3RR

HOLD VALUES
X3y = X2AR
XDeV 3 XD3AR
X303V = x0334a7

IF (NR L2233, 1) TAHEN

PSINT 210, G0 Hs ¥

PSINT 215, =
FOSMAT(2X,*33TA IS ',215.°7)

FIRMAT(12X,%32 *,C1ea7,’

Ha *,216,.7,°
I2INT o, 3

*EINTIR 1 TG CHANGE ZETA'

AMNV = 2MTaN

IF(NR oCue 1) &8 TS 525
TY?z 276

FAIRMAT(1X,*21=INITIAL T3uE

C=4

AR

K=

' XDOEA2=

’
Ce' XTC23AR=

TO CHANGS VALUES JUST ENTZERED')

',514.70)

*2312.51)
.I

AcczPT 206, €1
IFCCT .2Ge 1) CALL GH<(G5, Hs K, 3)
COMNTINUE
ELSE
CALL GHK (G, n,s X, 2)
@RITE (6,212) G, ds X
INDIF
HOLD VALUE QF JETA G, H, AND X
v = 5
‘MY = M
Ky =2 <
v = ¢
12 (N3 ,33. 1) G2 T3 25°%
TY?e 230
¢1 = C
FORMAT(IX,'SATIS 3AUSTAYN NGISZI 3ISMA AND NJISE viaAn®)
TAY (3,290,283 L22) SiGs, 3AMEAN
FCAMAT(14,"NCTI3Z FACTOR I3 ',F0.2s' MEAN IS 'r7ea2/)
FIAYAT(T X, NCISE FACTIF IS "sFcale® MEAN IS 's5za2/)
ACINT 2.0, Sitce FAIeN
FIRMAT(TIFS,.2)
TYPE 134G
agcepT 23C, C1
TFCCT 23+ 1) GO TQ 2:9
4RITE (6,250) SIG, RMZAN
3IGVY = 3I3§

POSITISN'/71X,°%L01aTIve DERIVATIVE®,/



e o aan o e o 'ﬂ.‘r‘f

233
&3¢
202

318
3ag
325

(V]
i
(&)

[a X a3

143
359
364

373
383
320
]
#1¢

615

1Y, Z303ACCILEAATION'/)

c1 = <

TYP: ICQ

FORVAT(14,%PL 838 SMTER 11
9EAN(S,150,294%26G) 21, ID
FORYAT(1X,? 212,212,585, 1
FORMATC15X,? 212%,212.5,"
PRINT 311G, 21, 121, 10D
TYPE 130

ACCEPT 2230, (1 .

IF(C1 <.Ed. 1) GO TO 270

s D1, AMD

1, 220

18 ',21C,.5
iot= ',=212,

WwRITZ € 3,320) I1, 121, 10O

21y =2 11
b1y 3 I
loov = 10D

IFCNR o%3. 1) GO T3 <135
TYPe 330
ECRYAT(T4,'T = TIvz',/71%x,"

14aN2UVERY /)

TYPS T&)

FORMAT(14,' IMax=vy4s3a CoF
TYPZ I

ct1 =
FIRYAT(IX,*PLZIASE 2NTZR T
READ(S,370,ERA=233) T, 5:L
FORMAT(3F9.2,12)
FORWAT(IX,*Ivax ', 137)
FOPMAT(1eX,IMAK= *,013/7)
EOAMATCIX," T2 *,Fa3.c," 2%
FORMATIISX,® T2 *,7%.2,% 3
PINT 330, IMax

POINT 609%, T, J3LT, T™
TYPZ 178

ACCEPT 223,C1

[}

. IFCCT LE2. 1) G0 TO 392

dRITI (5,372) IMAX
«AITZ (4,43C) T, Jcl7, T
w2IT2(2,20)

C AOLD V4LJZS F T, JELT, T¥s AND
Tv = ¥
Tuyvy = T+

-~

ra
wr

[N a e BN o

-
34
e3¢

c

NEREROPNEIRERIPP S

2ELY s J:ILT
IYMAXV = 1vax

431T303,422)

£39%8T("1)

TYPE 433
¢t = C

SELT = TIWe

CoMOYTATIZN

2¢LT, TH,
Te TH, IMAX

LT= “,F5.2,
LTz %,F4,2

vay

Ipd*)
s 200= 9,3212,.5/7)
£, 109 ',812.57)

INCEEMENT 'S /1%, T =

AL sTzo3%/)

ANC  IZ9AX (INTZ3ER)®)

' TM=
' THu=

'1;6.2/)
' ,F4.27)

CCYPUTATICN SECTIAN wasevvwveransertew

FIAMAT (1X,® SNTE? 1 TI 23INT ARESYLTS Fo2 ZALH ST=P ')

AEAI(5,232,20°2430) (1

90 44C Is1,1Irvax
T =2 7T + DELT
I8 (T LT T¥) 22 T 4572

-4
re

"



205 =& 7.5 « (T=TV)
IF (IDS 3E. &S41) 222 = 43,1

253 I = IS ¢ D0 = (T-TV)
i = 1 ¢ 107
IFCT «GZe T4) 2 3 2 *» Coi = IDD » (T=TP)ew?
<
CALL GAUSS (NC,SIG,PNMEAYN,4G)
Y = 1 ¢+ 4§
¢
<

IF (I .E3. 1 ) GO TC 450
Corooacnnvewe ESTIVATE AT CJIRENT TIME wesvvenvnesrer
R T R e R R R L T e S R R P T
[ NEXT THRSE STATEMENTS &RT SKIPPES CN FIRSTY Pass »
TR Y L L R R R T T A R T 2
XSAR s XMAT + 3 = (Y-XnaT)
XD03AR = XOHAT ¢ (H/SELT) » (Y=XHAT)
XDD3AR = XOOHAT ¢ (( 2 « C)/(DELT#n2)) = (Y=XHAT)

c""'.."..""."'. BRI CRN AN CTOIRNORTOTORNOPIPOIRNPIOROIYPITROOIRN TS

[4 THI3 IS V42 LO3IC FCR THE FIAST 24c2 L
(TR Ry P N I R R R R R A 2 2
<

Qo= (D:ilTesl)/s2.

©63 A4AT 3 X3A?  * (D3AR ¢ OEILT <+ XDODSAR & O
XK0AAT = XJBAR + ADJ3AP = DELT
XODHAT= XDO3IAI

c

Crensnnnoncenneensnees PAINT AQUTINE foventobentanawtnne

4

€ emx~ THECK T9 S3ZZ IF ALL RESULTS ARE TO 2€ POINTZD wee
¢

IfF (C1 423, J) GO TC 47C

-

C w®ewe 35KI> THRIS SECTICN JF C1 2 ( eewevnve

-
wRITE (4, 432)2

433 LFORMWATCTIX,"AS3ULTS FOR 3722 ',137)
«¥ITE (4, 43Q)

9C FORMAT(IX,'T*,13%," X2A2 ',5%Xs," XD3A3 ',S5Y,"' XDD3AR')
@«3IIT3 (3, 32C)IT, A:AR, Y33A9, KOLAS

$3C FIFYAT (YA, 02/ 17,312.0%3,240212.8,14,312.521)
#9iT7T2(2, S12)

513 ESEWAT (34, XHAT ',9(," XCHAT ',3%,' XDOHAT')
#21T3¢n, SZ7) XHAT, X2nAT, XJODHMAY

52C FIRMAT(34,53C232.23,3%321)
22773 (2, S:I2)

3] FOIMAT(IA,'Y L1594, 0108 ,144,0200Y)
a?I72Cz, %23) I, 3. LD

) FOOMAT(eX 2120500 Xr212.5,04Kk0212.571)

wQlTE(e, S5

550 FORMAT(3X,'X3AR = 2 ', 9K, AD3AR=T0",7X,"XD03A3=200")
APITEC(E,0680)¢XNAR=2),(AD2AA=2D),(XCDBAR ~ I9D)

€60 FINAT(IX,30312.5,3X)1017)
aRITZ (e, 72) Y, (Y=XnAT)

57272 FIAPATOIAA'Y® ", 212.5,3Y, " (Y=£aAT) = ',E12.3//)

[

C weseewow CND JF SELTION TGO 232 SXIPOE) woenws

C

4




CONTINUZICT = O

23 caLy 231NT VALYES STCRED IN 2APAY

STOPE VALUES TO :E PIINTED I AN AR?PAY
I%(2) s 7
X3AIH(I) = X3Ak
IoH(2) = ID
XDEARM(I)= XDOAR
IDOH(I) = ZDD
XDOSH(I) = XDDBAR -
TTC(L) = T
c
4490 CIONTINUS
<
4 AmNRRTEN® PRIMT VALUSS STIP€) IM A3 7Y RERO RN AN N RRR
a2IT2(4, S$3)
580 FORAT( %, 'STEP Y, ux, "1, 13%, " X2AR, 10X, 2D 710X, " XDEAR",
1 2X,'Id0',10X,*XDD2AR//)
4
DO 53C JP = 1,I%AX
wILTE(4, AGD) 40, 2d(UP), XRAPH(JP), IDW(JIP), XT38AKWIP),
1 I30H(JP), XD0BW(,?)
233 FAANAT(IN,SIS,3C1KX,31245)77)
590 CONTINUS
4
S € CHECYC TO 3E2 eHETAEF PLITS ARZ WwANTID
1 €132
s PIINT #,' SNTES | T2 OLIT DATAS
ACCZPT 200, C1
IFCCT1 oBde 1) THEN
C CaLl PLQOT 290GAH
C CHECY TO SES AHMETAER TOQ 2LST OISPLACIMENT CR VELJCITY VICTCRS
63J3 TYPZ 4CS
805 FOAMAT (* EMTER 1 TO PLOT DISPLACSMENT VECTOR'/
# 1% INTER 2 TO PLCT VELOCITY VECTOR'/,
1% ENTER X TO °LOT ACCILSIATION VECTOR'/)
¢1 = )
ACCeaT 2C2, 1
IFCCT JNEe 1 oA%2e €1 .NZ. 2 <ANDe C1 oNE. 3 THEN
PPINT w, "PL3I&3E =NTZR 1 C2 2 QP 1!
3C TC 8G3
Lz
£ANTINGS
INCIF
IFCST 2% 1) CALL PS3T (TT,YZABM, ¥, IVAX,NANE)
IFCIT LE%. D) SALL OTST (TT,ADCARM, oM, [¥AX,HAME)
IFCCT o39e ) CALL 2537 (TT,730H,ADD2H, IYAK, NAME)
: TN 2F AT 2QuTING
AR
CoNTINUE
INDTF
¢
PIINT o010, NAME
WOITE(S,4613) NAME
a1 FORYAT(IX,END OF 433 F23 PIOGRAM ',a30)
4
£ CHECK FG ANCTHER WUN
TYPZ 827
NA = 5
820 FORMAT (' t©NTEZ 1 TS YAKS ANCTHER PUN ')
ACCZPT 20Q, NR
c-7
)




IF (N2 .23. 1) TheE"Y

€ 2BINITIALIIC NAYES TC SSISINAL VALUES

XSAR = X3V

XD3IAR = XDev

XDJ33AR = XLDaV

316 = 316V

R®SAN = JMNV

1 = 11V

01 = Idtyv

180 = Ipov
= 3y

R I WA
[ I ]
x
<

TY = TMY
DELT = DLV
INAX 3 IMAXV
GC TO S

CONTINUE

c-8
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SUBROUTINE PEST

SUBROUTINE PEST (TT,XDipXN2,IMAX,MNAE)

CHARACTER %80 NAME
CALL INITT(120)

CALL BINITT

CALL NPTS (IMAX)
CALL CHECK (TT,XD1)
CaLL DSPLAY (TT,xD1)
CALL CPLOT (TT,XD2)
CALL LASBLIT (30,NAME,312,7034,1)
Catl FINITT (o, 7u¢)
RETUR"I

END

SUBROUTINE BETA

§iBUTINE QETA (=)
THIS 2ROGrRAM CALCILATES 55T
;’C‘\L Ll\u

BRIT =, ( * SLEASE £V TER TIVE CN.STAWLT )
= 1) T2

e AT ( 5,0.’,EG>‘(
L;-M - - 1./TC
PRIT 4%, La-

E2F AT(IX, TrE vaLuDl 2F Lytalas IS “,Fn.2)
Pl L o*, (7 PLEASE FUTER LELT ‘)
#ZA o (SenykREe =2 S ) kLT
Fo2-ul ( F3,2)
-~ 17 ~, cliT
EOm AT (LT VAL D USRS LT IS f FSL2)
Fo2 2.71R21423
X oz a4 o« NELT
P T 32, x
FOR-aT(px,°LamM3:a »ZELT = *,E16.9)
B = £ #« x
QRETUW
c4b
C-3
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se

sut
PUR

usa

OES

REM

sus

MET

SUBRQU
Az=@,9
no sa
CALL ©
IX=1yY
=AY
V2 (A=~6
RETURN
END

SUBROUTINE GAUSS

ROUTINE GAUSS

POSE '
COMPUTES A NORMALLY DISTRIBUTED RANDOM NUMRER #ITH A GIVE
MEAN AND STANDARD DEVIATION

GE
CALL GAUSS(IX,S,AM,V)

CRIPTION OF PARAMETERS

IX =IX MUST CONTAIN AN QDD INTEGER NUMBER
LESS THAN 32768 ON THE FIRST ENTRY TO GAUSS. THEFEAFT!
IT WILL CONTAIN A UNIFORMLY DISTRIBUTED IMTEGE® FAMGO
NUMBER GENERATED 8Y THE SUBROUTINE FOR USE ON THE MEY
ENTRY TO THE SUBRUUTINE,

S =THE DESIRED STANDARD DEVIATION OF THE HNORMA(
OISTRIAUTICON.

AM oTHE DESIREN MEAN IF THE NORMAL DISTRTIBUTION

V =THE VALUE OF THE COMPUTED NOQRMAL RANDOM VARTIABLE

ARKS
THIS SUBROUTINE USES RANDU WHICH 1S MACHINE SPECIFIC

ROUTINES ANO FUNCTION SUBPROGRAMS REQUIRED
RANDU

HOD

USES 12 UNIFORM RANDOM NUMBERS TO COMPUTE MORMAL RANDQM
NUMBERS BY CENTRAL LIMIT THEOREM, THE RESULT IS THEN
ADJUSTED TO MATCH THE GIVEN MEAN «~D STANDARD CEVIATIONM,
THE UNIFORM RANOOM NUMBERS COMPUTED WITHIN THE SUBROULTINE
ARE FOUND B8Y THE POwER RESIDUE METMOD,

L2 B B BE B A B B B BN B N B B BE B BC BN RF BN N N B N BN BE B N BC BN AN BCBK N B BC RE BN B BY SR N RN R N N R NE BE RN SRR Y
TINE GAUSS(IX,S,Aa%4,V)

I=1,12

ANMDU(IX,1Y,Y)

«J)*S+AM



-~
( 4

-

Y,

NOOOD

49

60

[y EuNpKal

99
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SUBROUTINE GHK

THIS SUSROUTINE COMPUTES THME VALUE QF G, H, A"D k FrO“ BETA

SUBRQUTINE GHK (G, Hy KoY)
REAL X, KV ’
INTEGER C1i

THIS SLOCK OETERMINES IF BETA wllLL 3E ENTERED FRO* THE KEYEQARM
0R COMPUTED VIA A CALL TGO SURROUTINE BETA,

PRINT =, * ENTER | IF YOU wANT TO ENTER THE VALUE QF HETA FP
1 THE KEYBTNARD®

MB = @
ci1 =0
READ (5,44,ERR = 23) N8B
FORMAT (11)
IF ( NB  NE., 1) THEN
CALL BETA (d)
ELSE

PRINT =, PLEASE ENTER THE VALUE CF BETA’
READ (S,R¢,ERR = 6@) 8

FORMAT (El6,9)

ENDIF

COMPUTE THE VALLE OF 6, H, AND K, RETURN VALUE IN Y

-}
1le = Y %23
3‘/2. » ( ( 1l = Y"a) » (1."] )
1./2- * ( (l.'Y)"3)
PRINT 1920, Y
. FORMAT (1SX,* THE VALUE OF BETA IS “,E156.9/)
. wRITE (6,129) Y
PRINT 11Q@, G, H, K
FORMAT (° G IS “,El12.5,/° 4 IS *,El12.5,/
1t °* K IS *,E12,.5/7)
PRINT =, * ENTER | TO CHANGE VALUF OF BETA’
ACCEPT 14y, C1
IF (C1 .EA, 1) GN To 2
FORMAT (I1)
RETURN
END

XTI <
"wan

C-.1/(C-12 blank)
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