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ABSTRACT

This report contains user instructions and program listings

for multiple leg Kalman Filter target motion analysis (TMA)

procedure for use on the Hewlett-Packard HP-41CV, the Hewlett-

Packard HP-75C, the Sharp PC-15086 (Radio Shack TRS-80 PC-2) and

the Radio Shack Model 100 portable computers.



I. INTRODUCTION

This report contains a multiple leg target motion analysis

(TMA) program for each of the following portable computers: the

Hewlett-Packard HP-41CV, the Hewlett-Packard HP-75C, the Sharp

PC-1580 (Radio Shack TRS-88 PC-2) and the Radio Shack TRS-80 Model

100. These programs are part of a set that has been developed for

portable computer evaluation.

These programs provide a means of implementing a TMA

procedure that is described in Appendix I. The procedure requires

at least four bearing observations. It is assumed that during an

encounter, the target course and speed remain constant, and that

signal transit times are zero.

This algorithm is a Kalman Filter adaption of the least

squares TMA algorithm given by Forrest [Ref. 1].



II. THE HEWLETT-PACKARD HP-41CV.

HP-41CV USER INSTRUCTIONS.

There are four user options. These options - called NEW, LEG,
FIX and AOP - are used as global labels in the HP-41CV and are
assigned to the keys LN, I+, 1/x and Vx, respectively, for access
in the USER mode. Their use is given below. (Memory: SIZE = 40,
706 bytes are required).

DISPLAY INSTRUCTION PRESS

1. Select USER mode. USER

2. Start a new problem. LN (NEW)
3. BRG ERR? Key in bearing error. R/S
4, OWN CUS? Key in own course. R/S
5. OWN SPD? Key in own speed. R/S
6. TGT BRG? Key in target bearing. R/S
7. TIME? Key in time (HH.MM). R/S

8. Repeat Steps 5 and 6 for
each new observation.

9. Input a new leq. Z+ (LEG)
16. LEG BRG? Key in new leg bearing. R/S
11. LEG DST? Key in distance on leg. R/S
12. Go to Step 4.

13. Compute a fix. 1/x (FIX)
14. TGT CUS: (degrees) R/S
15. TGT SPD: (knots) R/S
16. TGT BRG: (degrees) R/S
17. TGT RNG: (meters) R/S
18. Next Option?

19. Compute an AOP /x (AOP)
20. SIG 1: (n. mi.) R/S
21. SIG 2: (n. mi.) R/S
22. ANG: (degrees) R/S
23. Next Option?



HP-41CV SAMPLE PROBLEM

The sensor on your ship has a bearing error of one degree.
Your course is 160 deg. at 6 kts. At 1208 hours your sensor
detects a target at 350.5 degrees. At 1204 the sensor indicates
the target to be at 1.8 deg. To determine a fix, your ship makes a
course change during which the course-made-good is 130 deg. and
the distance-made-good is 556 meters. Your new course is {80 deg.
at 6 kts. The maneuver ends at 1287, at which time the target
bearing is 8.3 deg. One more observation places the target at 18.4
deg. at 1211. Estimate the target course, speed, bearing, range,
and AOP at 1211 hours.

DISPLAY CONTENTS USER RESPONSE COMMENTS

LN (NEW) Start a new problem.

BRG ERR? 1 [R/S] 1 deg.
OWN CUS? 168 [R/S] 160 deg.
OWN SPD? 6 [R/S] 6 kts.

TGT BRG? 358.5 [R/S] 356.5 deg.
TIME? 12.086 [R/S] 1208 hours.
TGT BRG? 1.8 [R/S] 1.8 deg.
TIME? 12.684 [R/S] 1204 hours.

TGT BRG? r+ (LEG) Input a new leg.

LEG BRG? 136 [R/S] 130 deg.
LEG DST? 556 [R/S] 556 meters.
OWN CUS? 288 [R/S] p88 deg.
OWN SPD? 6 [R/S] 6 kts.

TGT BRG? 8.3 [R/S] 8.3 deg.
TIME? 12.07 [R/S] 1247 hours.
TGT BRG? 18.4 [R/S] 18.4 deg.
TIME? 12,11 [R/S] 1211 hours.

TGT BRG? 1/x (FIX) Compute a fix.
TGT CUS: 123.7 [R/S] course = 123,7 deg.
TGT SPD: 12.6 [R/S] speed = 12.6 kts,
TGT BRG: 18.4 [R/S] bearing = 18.4 deg.
TGT RNG: 4,823.0 [R/S] range = 4023.0 meters.

NEXT OPTION? Yx (AOP) Compute an AOP.
SIG 1: 18.49 [R/S] sigma 1 = 16.40 n. mi,
SIG 2: #.06 [R/S] sigma 2 = 8.06 n., mi,
ANG: 18.39 [R/S] angle = 18.39 deg.
NEXT OPTION? Quit.



HP-41CV PROGRAM LISTING

AleLBL -THA" 47 P-p
A2¢418L 99 42 ST0 18
A3 TONE 4 49 XO
84 "NEXT OPTION?" Sa STO 1
25 AVIEN SieLBL 81
a6 610 99 52 RCL 3
@74LBL “RERF" 53 S10 34
RE “PRG EPP? 594 -TIME?"
89 PROMPT 35 PROMPT
1a p-p S¢ HR
11 x2 57 S70 3
12 870 3 S8 FS2C 1A

13 Rh 59 S10 3a

1¢ G76 9% 6¢ RCL J&
150L8L “NEK® 6] -
16 SF 18 62 S70 14
17 CLRG 62 F52C A9
18 1 £3 64 GTO 9A
19 STO ae 65 RCL 26
20 STO 81 66 RCL 27
21 STO 82 £7 RCL 14
22 S510 43 68 ¥
237 1852 69 P-R
24 S70 39 70 ST+ 28
25 Xee -peee- 71 XO
26eLBL CS" 72 ST+ 26
27 “OWN CUS? 73¢L8L 68
28 PROMPT 74 RCL 12
29 570 26 75 RCL 14
In “OWN SPD?" 76 %
31 PROMPT 77 ST+ 18
32 S10 27 78 RCL 13
J3eLBL -TB" 79 RCL 14
34 "TGT BRG?" 26 *
35 PROMPT 81 ST+ {1
36 510 32 82 RCL 14
371 83 ENTER?
38 P-R 84 ENTERt
39 510 25 95 ENTER
48 XO 8¢ RCL @2
41 570 24 87
42 FC? 18 88 RCL 85
43 GT0 81 89 ENTER?
44 32 ag +
45 RCL 32 91 +
46 ROY 92 »



HP-41CV PROGRAM LISTING (cont.)

93 ST+ Aa 139 +

94 LX 148 ~
95 RCL 09 141 STO 26
9% * 142 STO 16

97 RCL @7 1432 RCL 25
98 + 144 RCL @7
99 ROL BE 145 +
108 + 145 RCL 24
tay 147 RCL AS

182 ST+ a4 148 +
183 CLY 149 -
194 RCL @3 158 870 21
185 * 151 870 17
186 RCL 98 152 RCL 25
187 ENTER? 153 PLL 88
168 + 154 *
129 + 155 REL 24

118 + 156 REL 86
{11 7+ at 157 +
112 CL 158 -
113 RCL @2 159 &T0 22
114 » thf STO 18
145 ST+ @% tel RCL 25
{16 LX 162 RCL 28

117 RCL 09 163 +
11g + 16d RCL 24
119 ST+ @6 165 RCL 19
128 ST+ @7 166 *

121 CL¥ 167 ~
122 RCL 63 {Af RCL 18
123 + 169 RCL 28
124 ST+ @8 178 -
125 PCL 25 171 x#2
126 PCL #4 172 RCL 11

127 + 173 RCL 29

128 RCL 24 174 -
129 RCL 04 175 ¥12
13g * 176 +

13 - 177 RCL 23

132 S70 19 178 *
133 S70 15 179 +
134 RCL 25 184 ST/ 1S

135 RCL 81 181 817 16
136 * 182 S17 17
137 RCL 24 183 S77 18
138 RCL 84 184 RCL 29



HP-41CV PROGRAM LISTING (cont.)

185 RCL 11 231 RCL 15
186 - 232 RCL 21

187 RCL 25 233 +
188 = 234 ST- 85

189 RCL 28 235 RCL 15
198 RCL 18 236 RCL 22
191 - 237 »
192 RCL 24 238 ST- @o

193 » 239 RCL 16
194 - 240 RCL 21

195 570 33 241
196 RCL 15 242 ST- @7
197 * 243 PCL 16
198 ST+ 18 244 RCL 22

199 RCL 33 245 *
288 RCL 16 246 ¢T- ag
281 * 247 RCL 17

282 ST+ 11 248 RCL 22
293 RCL 33 249 »

204 RCL 17 250 ST- 89

285 * 251 GTO -T8°

206 ST+ 12 252¢LBL "LEG"
287 RCL 33 253 “LEG 8RG?"
288 RCL 18 254 PROMPT
289 x 255 “LEG DST?"
218 ST+ 12 256 PROMPT

211 RCL 15 257 RCL 39
212 RCL 19 258 7
213 * 259 P-p
214 ST- 64 268 ST+ 28
215 RCL 16 261 XY

216 RCL 20 262 87+ 29

217 * 263 SF 8%

218 ST- 61 264 GID CS"

219 RCL 17 26C+LBL “FIX”
220 PLL 21 266 SF 21
221 * 267 FI¥ 1
222 ST- 82 268 RCL 13

223 RCL 18 269 RCL 12
224 ROL 22 274 R-pP
225 + 271 S10 34
226 ST- 83 272 XEQ 9
227 RCL 15 273 “1GT Cus: -
228 RCL 20 274 ARCL X

229 275 AVIEW

238 ST- 04 276 “TGY SPD ©



HP-41CV PROGRAM LISTING (cont.)

277 ARCL 34 312 REL 84
278 AVIEK 3 ¥2
279 RCL 11 4 +
288 RCL 29 715 OPT
281 - 316 S10 34
282 REL 18 7 +
283 RCL 26 318 SPT
24 - 719 “516i:
205 R-P 326 APCL ¥
285 POL 79 321 AVIEN
287 # 322 RCL 33
295 §10 34 323 RCL 34
289 ¥EQ 91 24 -
298 “TOT BRG: * 325 SAR
231 GRLL¥ 326 102: *
292 AYIEW 327 ACL X
293 "TAT RNG: * 20 AVIEN
29¢ AREL 34 729 RCL 84
295 AVIEM 338 T+ %
29 G10 99 331 RCL 08
297¢LBL "ROP" 332 RCL 81
298 SF 21 37 -
299 FIX 2 324 R-P
396 RCL 6A 335 XE91
38! PCL 81 736 2
32 + 377
3 2 330 "AMG:
We 330 @RLL X
305 S70 33 348 QVIEW
306 RCL 8A 41 610 99
397 REL AY 342¢L8L 9i
398 - 343 OLY
209 2 44 368
ne 343 MOD
31 x2 346 EMI



III. THE HEWLETT-PACKARD HP-75C.

HP-75C USER INSTRUCTIONS.

There are four user options. These options - labeled 1, 2, 3,
and 4 - are used to continue input, input a new leg, compute a
fix, and to compute an AOP, respectively. Their use is shown
below. (Memory: 2727 bytes for program; 820 bytes for variables.
Total = 3547 bytes.)

DISPLAY INSTRUCTION INPUT

1. Run Program. Run "TMA"
2. Units: Select units:

l n.mi., Nautical miles, 1
2 yds., or yards, or 2

3 m.? meters, 3
3. BRG ERR? Key in bearing error. [RTN]
4. OWN CUS? Key in own course. [RTN]
5. OWN SPD? Key in own speed. [RTN]
6. TGT BRG? Key in target bearing. [RTN]

7. TIME? Key in time (HH.MM). [RTN]

8. 1 CONT, 1 returns to Step 6. 1
2 LEG, 2 goes to Step 9. 2
3 FIX, 3 goes to Step 13. 3
4 AOP? 4 goes to Step 18. 4

9, LEG BRG? Key in new leg bearing. [RTN]
16, LEG DST? Key in distance on leg. [RTN]

12, Go to Step 4.

13. TGT CUS: (degrees) [RTN])

14. TGT SPD: (knots) [RTN]

15, TGT BRG: (degrees) [RTN]
16. TGT RNG: (units) [RTN]
17. Go to Step 8.

18. SIG 1: (units) [RTN]
19. SIG 2: (units) [RTN]
20, ANG: (degrees) [RTN]
21, Go to Step 8.



BP-75C SAMPLE PROBLEM

The sensor on your ship has a bearing error of one degree,
Your course is 160 deg. at 6 kts. At 1208 hours your sensor
detects a target at 350.5 degrees. At 1204 the sensor indicates
the target to be at 1.8 deg. To determine a fix, your ship makes a
course change during which the course-made-good is 1390 deg. and
the distance-made-good is 556 meters. Your new course is #80 deg.
at 6 kts. The maneuver ends at 1207, at which time the target
bearing is 8.3 deg. One more observation places the target at 18.4
deg. at 1211. Estimate the target course, speed, bearing, range,
and AOP at 1211 hours.

DISPLAY CONTENTS USER RESPONSE COMMENTS

Units: 1 n.mi.,
2 yds., or 3 m.? 3 Select meters.

BRG ERR? 1 [RTN} 1 deg.

OWN CUS? 168 [RTN] 1608 deg.
OWN SPD? 6 [RTN] 6 kts.
TGT BRG? 356.5 [RTN] 350.5 deg.

TIME? 12.00 [RTN] 1200 hours.
1 CONT, 2 LEG,

3 FIX, 4 AOP? 1 Continue input.
TGT BRG? 1.8 [RTN] 1.8 deg.

TIME? 12.04 [RTN] 1204 hours.
1 CONT, 2 LEG,

3 FIX, 4 AOP? 2 Input new leg.
LEG BRG? 13@ [RTN] 130 deg.
LEG DST? 556 [RTN] 556 meters.
OWN CUS? #88 [RTN] g80 deg.

OWN SPD? 6 [RTN] 6 kts.

TGT BRG? 8.3 [RTN] 8.3 deg.
TIME? 12.07 [RTN] 12687 hours.
1 CONT, 2 LEG,

3 FIX, 4 AOP? 1 Continue input.
TGT BRG? 18.4 [RTN] 18.4 deg.

TIME? 12.11 [RTN] 1211 hours.
1 CONT, 2 LEG,

3 FIX, 4 AOP? 3 Compute a fix.
Cus = 123.7 course = 123.7 deg.
SPD = 12.6 speed = 12,6 kts.
BRG = 18.4 bearing = 18.4 deg.
RNG = 4623 m. range = 4623 meters.
1 CONT, 2 LEG,

3 FIX, 4 AOP? 4 Compute an AOP.
cl =19263.71 m. sigma 1 = 19263.71 m,
g 2 = 185.22 m. sigma 2 = 165,22 m,
ANG = 18.4 angle = 18.4 degq.
1 CONT, 2 LEG,

3 FIX, 4 AOP? Quit.



HP-75C PROGRAM LISTING

18 REM THR
20 GOTO 58
30 CH=KEYS$ @ IF C$="" TH

EH 38

49 FOR C=1 TD LEN(CO$) ®
IF £$=CO$[C,C) THEN RET

URN
58 HEXT C @ GOTO 3@

69 OPTION BASE 1 @ NPTID
N AHGLE DEGREES
78 DIM P(19),H(4),%(4)

80 DEF FNR(X.M) = THT(M«
X+.5)/M
90 X9=0 @ Yp-0 @ F=f
160 Fa=1 @ T9=0 0 L-0 @

FOR I=1 TO 4 @ FOR J=-1 T

046 L=L+e1 @T=0¢6 IF
=J THEH T=1900
118 P(L)=T @ NEXT J 8 NE
XT 1
128 DISP ‘Units: 1 n.ai,

2 yds, or 3 a7 * @ C4

=*123* @ GOSUB 3@ & 1)=C
130 IF U=1 THEN K=1 & U$
='nn’ 0 GOTO 168
148 IF U=2 THEH K=202% @
Us='yds.' & GOTO 168

158 IF U=3 THEN K=1B52 @

Us="n.' & GOTO 168
168 GOSUB 4868 @ GOSIB 4
918 @ GOSUB 4929 @ GOSUB
4039 8 GOSUB 4849
178 GOTD 248
180 DISP *1 COHT, 2 LEG.

3 FIX, 4 ADP? © CAs$='1
234' @ GOSUR 34
199 IF C=2 THEN GOSIIE 4@
78 8 GOTO 220

208 IF C=3 THEH GOSUE 10
#9 @ GOTO 1869

219 IF C=4 THEH GOSUB 18
58 @ GOTO 188
220 IF FS=1 THEN GOSUB 4
ale
238 GDSUB 4920 @ GOSIB 4

048

248 X(1)=X(1)+X(3)sD9 @
X(2)=X(2)+%(4)2D9

-10-~

258 PC1D)=P(1)+(2¢P(+P¢
B)#D9)+D9
268 P(2)=P(2)+(P(4)+P(6)
+P(2DPI)219

278 P(S)=P(5)4(2eP (74F(
12)#D9)#]4
288 P(3=P(3)+P(B)*[9
298 P(4)=P(4)+P(9)#]9

388 P(A)=F(R)+P(9)4]O
318 P(DI=C(D)+P(10)%]9
328 H(1)=C2P72)-S+P(1)

330 H(2)=C+P(5)-5#P(2)
348 H(3HY=CeP(£)-52P(I)
358 H(4)=CsP(7)-S#P(&)

360 D=C#H(2)-S#H(11+E#(¢

X(1)-X0424(¥(2)-YE)*2)

378 Z=Y@s{-XAsS @ G5=7-(
Ca¥ (2)-5¢X(1))
380 FOR I=1 10 4 @ ¥(])=
XC(I)+H(T) 70255 @ NEXT 1
390 L=p @ FOR I=1 TC 4 ®

FOR J=1 TO 4 & L=L+1 @

PCLY=PLI-H(TY#H(D/D &
NEXT J @ NEXT |
440 GOTO 188

1808 X2=X{1)-X@ & Y2=X(2
)-Y0 8 R2=SQP(X24X2+Y2¥,
2) @ B2=ANGLE(X2,Y?) & |

F B2¢@ THEN B2=B2+36%
1919 X2=X(3) # Y2=X(4) ®
C2=SAP(X24X24Y22Y2) 8

2=PHGLECX2,Y2) 8 IF C2¢¢

THEN C2=C2+3¢8
1928 DISP "CUS =';FNR((2
,10); & DISP * SPD =';FN

R(S2,1@) & GOSUB 4194
1830 DISP *BRG =';FNR(R2
+18); 8 DISP * RNG =" FN

R(R2#X,10);U$ #& GOSUR 4]

[0
1048 RETURN
1050 A=P(1) 8 B=P(S) & D
=P(2) 8 A1=AHGCLE(A~B, 2+]
y72 & 1F A140 THEH A1=A1

+188
1068 S3=(A+L)/2 @ (I=50F

((R-B)*2/441a]) B® 51=53+

C3



HP-75C PROGRAM LISTING (cont.)

1876 52=53-r1
1886 DISP * 1 = *,FNR(¥
*50R(51), 180), Us 8 GOSUE

4168
1898 DISF = 7 = "iFNP

(K&SQR(S2), 188), U8 & LOS
Ug 4184
1108 DISK "ANG *;FHR(K

1,18) & GOSUE 4188 W RET

URN
4808 [NPIIT "BRL EEF”

E 8 E=RADME) # F=fef BP
ETURN

4218 INPUT "Ds (le
C2 @ INPUT “DWN SPR”
Sim PFTEN

4428 INFUT TCT BPC”

BY 8 S=G1N(R%Y B C=[0NS(E
9) 8 RETURN
4836 P9=12 B X(1)=R0s( @
X(2)=P%sS K ¥(3)=0 B ¥/¢

4)=8 & RETURN @ REM P9 =

EST RNG
4A49 TB=T9 8 INPUT “TIM
20; TO 8 VY=FNH(T6 |
F FB=1 THEN F@=8 @ T§=T¢

4958 D9=79-T8 B IF F5=#

THEN XB=X@+D9sSR«C0S(CH)

8 YB=YR+D9+SAsSIN(CA)
4268 F5=6 R RETURN
4078 INPUT LEG BPG” *;
BS @ BR=FNH(BR) 8 INPUT
"LEG BST? *: RR @ PR=RB/
¥

4088 XA=XR+RR«LOS(RYY ¥

YO=YB+RASSIN(B])
4899 F5=1 @ RETURN
4188 WATT 3 @ RETURN

4118 DEF FHH(W)

4128 H=INT(V) @ Y=FP(V)s

188 8 FNH=(1RA+FP(VY/6R+
INT(V))764K

4138 END DEF

-11-



IV. THE SHARP PC-1568 (RADIO SHACK TRS-80 PC-2).

SHARP PC-15606 (TRS-86 PC-2) USER INSTRUCTIONS.

There are three main user options. These options - labeled 1,
2, and 3 - are used to continue input, input a new leg, and to
compute a fix, respectively. Other options include unit selection
(n. mi., yds. or meters) and AOP selection, Their use is shown
below. (Memory: 2058 bytes for program; number of bytes for
variables is not available.)

DISPLAY INSTRUCTION INPUT

1. Run Program. RUN {ENTER]
2. Units: Select units:

l n.mi., Nautical miles, 1
2 yds., or yards, or 2

3 meter? meters. 3

3. BRG ERR? Key in bearing error. [ENTER]
4. OWN CUS? Key ih own course. [ENTER]

5. OWN SPD? Key in own speed. [ENTER]
6. TGT BRG? Key in target bearing. [ENTER]
7. TIME? Key in time (HH.MM). [ENTER]

8. 1 CONT, l returns to Step 6. 1
2 LEG, 2 goes to Step 9. 2
3 FIX? 3 goes to Step 13, 3

9. LEG BRG? Key in new leg bearing. [ENTER]
16. LEG DST? Key in distance on leg. [ENTER]

12. Go to Step 4.

13. TGT CUS: (degrees) [ENTER]
14. TGT SPD: (knots) [ENTER]

15. TGT BRG: (degrees) [ENTER]

16. TGT RNG: (units) [ENTER]
17. AOP? Y or N

Y goes to Step 18. Y
N goes to Step 8. N

18. SIG 1: (units) [ENTER]
19. SIG 2: (units) [ENTER]
20. ANG: (degrees) [ENTER]
21, Go to Step 8.

-12-



SHARP PC-1500 (TRS-80 PC-2) SAMPLE PROBLEM

The sensor on your ship has a bearing error of one degree.
Your course is 160 deg. at 6 kts. At 120€¢ hours your sensor
detects a target at 3506.5 degrees. At 1204 the sensor indicates
the target to be at 1.8 deg. To determine a fix, your ship makes a
course change during which the course-made-good is 130 deg. and
the distance-made-good is 556 meters. Your new course is 680 deg.
at 6 kts. The maneuver ends at 1207, at which time the target
bearing is 8.3 deg. One more observation places the target at 18.4
deg. at 1211. Estimate the target course, speed, bearing, range,
and AOP at 1211 hours.

DISPLAY CONTENTS USER RESPONSE COMMENTS

Units: 1 n.mi.,
2 yds., or 3 m.? 3 Select meters.

BRG ERR? 1 [ENTER] 1 deg.
OWN CUS? 160 [ENTER] 160 deg.
OWN SPD? 6 [ENTER] 6 kts.

TGT BRG? 356.5 [ENTER] 350.5 deg.
TIME? 12.008 [ENTER] 1260 hours.
1 CONT, 2 LEG, 3 FIX? 1 Continue input.

TGT BRG? 1.8 [ENTER] 1.8 deg.
TIME? 12.04 [ENTER] 1204 hours.
1 CONT, 2 LEG, 3 FIX? 2 Input new leg.
LEG BRG? 130 [ENTER] 138 deg.
LEG DST meters? 556 [ENTER] 556 meters.
OWN CUS? 080 [ENTER] 080 deg.
OWN SPD? 6 [ENTER] 6 kts.

TGT BRG? 8.3 [ENTER] 8.3 deg.

TIME? 12.07 [ENTER] 1207 hours.
1 CONT, 2 LEG, 3 FIX? 1 Continue input.

TGT BRG? 18.4 [ENTER] 18.4 deg.
TIME? 12.11 [ENTER] 1211 hours.

1 CONT, 2 LEG, 3 FIX? 3 Compute a fix.

Cus = 123.7 course = 123.7 deg.
SPD = 12,6 speed = 12.6 kts.
BRG = 18.4 bearing = 18,4 deg.
RNG = 4023 nm, range = 4023 meters.
AOP? Y or N Y Compute an AOP.
SIGl = 19263.71 m. sigma 1 = 19263.71 m.
SIG2 = 105.22 m. sigma 2 = 105.22 m.
ANG = 18.39 angle = 18.39 deg.
1 CONT, 2 LEG, 3 FIX? Quit,

~13~



SHARP PC-1500 (TRS-88 PC-2) PROGRAM LISTING

B:REM THA
15: WAIT :GOTO 30
20: C$=INKEYS$ :IF

C$=""THEN 20
22:FOR C=1T0O LEN

(CB$): IF Cs$=

MID$ (C8s,C, 1D
THEN RETURN

24:NEXT C:GOTO 20

30:0IM P18), H(4)>
y X(4):RD=P] ~1

88: DEGREE
58: X0=0:YP=08:F5=0
60:FP=1:T9=8:L=0:

FOR 1=1T0 4:
FOR J=ITO 4:L=
L+1:T=8:1F 1=J
THEN LET T-=100

9
78:P(L)=T:NEXT J:

NEXT 1
80: PAUSE "1 n.mi,

2 yds, or 3m
eter?”

85:£8%$=")23":
GOSUB 20:K=C

90: IF K=1THEN LET

Us=" n.m:.":
GOTO 130

108: IF K=2THEN LET

K=2025:U$=" yd
s.":GOTO 130

110: IF K=3THEN LET
K=1852:U$=" me
ters”

130: 6G0SUB 4800:
GOSuB 4010:
GOSUB 4020:
GOSUB 4030:

GOSUB 4049
140: G0T0 218
150: PAUSE "1 CONT,

2 LEG, 3 FIX?
"iC@$="123":

GOoSuB 28:CLS :
WAIT

160: IF C=2THEN
GOSUB 4087/9:
GOTO 190

178: 1F C=3THEN
GOSUB 1009:
GOTO 159

~14-

IF FS=1THEN
GOsSuB 49018
GOSUB 4820:
GOSUB 4040
XC1)=X(1X+X(3)
XD: X(2)=X(2)+
X(4>%D9
PC1)=PC1)+(2%P
(3)+P(8)>%D381%D
8
P(2)=P(2)+(P(4
Y+P(B)+P(3)%D3
>%DS
P(S)>=P(3)+(2%P
(2)+P(10)%DS)>%
Ds
P(3)=P(3>+P(8)
XxpS
P(4>=P(4)>+P(93)
x03
P(6)=P(6)+P(3)
*D3
P(2)=P(7)+P(10
>xD3
H(1)=CXP(2)-5S%
PCL
H(2)=CXP(5)-5%
P(2)
H(3)=CXxP(6)-Sxk
P(3>
H(4)=CXxP(/)-Sk
P(4)
D=CXH(2>-SxH(!
YH+EXC(X(1)-X8)
A2+(X(2)-YB)I~2
)
2=YO@XC-XBXS:S5
=2-(C¥X(2)-5S%X
1)
FOR 1=1T0 4:X(
I)=XCI)+HC(1)/D
*¥SS:NEXT 1
L=8:FOR 1=1T0
4:FOR J=1T0 4:
L=L+1:PCL)=P(L
Y-HCI>XHCJ)) sD:
NEXT J:NEXT 1]

370:G0OT0 150
1008: X=X(1)-XB: v=

X(2)-Y0:R2=
SAR (XkX+YXY
):G0SUB 5000
:B2=AT

198:

200:

218:

220:

230:

240:

230:

260:

278:

288:

2909:

36809:

310:

328:

330:

349:

358:

360:



SHARP PC-1500 (TRS-80 PC-2) PROGRAM LISTING (cont.)

1810:

1920:

1930:

1949:

1958:

1989:

1999.

1190:

1118:

11209:

1139:

X=X(3):Y=X(4
):52=5QR (XX
X+YxY):GOSUB
5999: C2=AaT
M=10:X=C2:
GOSUB 5010:
PRINT "TGT C
US ="; X:X=52
:GOSUB 5019:

PRINT “TGT S
PD ="35X
X=B2:60SUB S
PIP:PRINT "T
GT BRG =";X%:
X=R2%K:(G0SUB
SP1B:PRINT
TGT RNG =";X

sUS
PAUSE 'A0P?
Y or N ".CO$
="YyNn":
GOSuB 29:CLS
IF C>2THEN
RETURN
a=P(1):B=P(S
).N=P(2):%X=A

~-B.Y=2%D.
GOSUB 50088: 4

1=AaT,2
S3-(AarBI/2:C
3=SAR ((A-B)
n2/,440%D)
S1=S3+C3:62=
S3-C3
M=180. X=K%
SAR (S11):
GOSuB 5010:

PRINT "SIGI1=

iXUs
X=KXSOQR (S2)
:GOSUB 5010:

PRINT "SIG2
=X; Us
X=A1:G6G0SUB 5
P1B:PRINT "A
NG ="; X:
RETURN

-15-

49009:

4010:

4020:

4030:

4049:

4959:

4060:
4070:

4075:

4080:

40909:

5000:

5018:

INPUT "BRG Lt
RR? E:k=-Ex
RD: E-ExXE:
RETURN
INPUT "OWN C
us? "i(Q:
INPUT "OWN S
PD? S50:
RETURN
INPUT "TGT R
RG? ~:B9:.S-

SIN B9:(C-=(0S
BY: RETURN
R9=32:%X(1)-R
9%C. X(2>=R9xk
S:%(3)=n.%X(4

)=P: RETURN
T8=T9. INPUT
"TIME? "TQ.
CLS :79=0NFC
T9: 1F Fp-1
THEN LET B=
P.:T78=T9
N9=T38-T8:. 'F
FS=@QTHEN LET
XP=X@+DIkSAk
COS CA:vYp-YQ
+PDI%SPXSIN C
9
F5=P. RETURN
INPUT ‘LEG R
RG? "iB8:RAR-.
DEG B8
WAIT B:PRINT

"LEG DST "J
$5: INPUT '7
"RB. PAUSE .
R8=R8/K
XP=XP+RB8%COS
BB: YP=YD+RK%
SIN BS
FS=1:RETURN
AT=ATN (Yr (X
+]1E-9%(B=X))
D+180% (XA):
aT=AT+360% (A
T<P):RETURN
X=INT (MkX+,
S5)/M: RETURN



V. THE RADIO SHACK TRS-8¢ MODEL 100.

RADIO SHACK TRS-80 MODEL 160 USER INSTRUCTIONS.

There are four user options. These options - labeled 1, 2, 3,
and 4 - are used to continue input, input a new leg, compute a
fix, and to compute an AOP, respectively. Their use is shown
below. (Memory: 2583 bytes for program; 815 bytes for variables.
Total = 3318 bytes.)

DISPLAY INSTRUCTION INPUT

1. Run Program. Run [ENTER]
2. Units: Select units:

l n.mi., Nautical miles, 1
2 yds., or yards, or 2
3 m.? meters? 3

3. BRG ERR? Key in bearing error. [ENTER]
4, OWN CUS? Key in own course. [ENTER]
5. OWN SPD? Key in own speed. [ENTER]
6. TGT BRG? Key in target bearing. [ENTER]
7. TIME? Key in time (HH.MM). [ENTER]
8. 1 Continue, 1 returns to Step 6. 1

2 Leg, 2 goes to Step 9. 2
3 Fix, or 3 goes to Step 13. 3
4 AOP? 4 goes to Step 18. 4

9. LEG BRG? Key in new leg bearing. [ENTER]
18. LEG DST? Key in distance on leg. [ENTER]
12, Go to Step 4.

13. TGT CUS: (degrees) [ENTER]
14. TGT SPD: (knots) [ENTER]
15. TGT BRG: (degrees) [ENTER]

16. TGT RNG: (units) [ ENTER]
17. Press any key to continue. [ENTER]

Go to Step 8.

18. SIG l: (units) [El TER]

19. SIG 2: (units) [ENTER]
20. ANG: (degrees) [ENTER]
21. Press any key to continue. [ ENTER]

Go to Step 8.
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RADIO SHACK TRS-80 MODEL 180 SAMPLE PROBLEM

The sensor on your ship has a bearing error of one degree.
Your course is 166 deg. at 6 kts. At 1200 hours your sensor
detects a target at 350.5 degrees. At 1204 the sensor indicates
the target to be at 1.8 deg. To determine a fix, your ship makes a
course change during which the course-made-good is 138 deg. and
tae distance-made-good is 556 meters. Your new course is 080 deg.
at 6 kts. The maneuver ends at 1267, at which time the target
bearing is 8.3 deg. One more observation places the target at 18.4
deg. at 1211. Estimate the target course, speed, bearing, range,
and AOP at 1211 hours.

DISPLAY CONTENTS USER RESPONSE COMMENTS

Units: 1 n.mi.,
2 yds., or 3 m.? 3 Select meters.

BRG ERR? 1 [ENTER] 1 deg.

OWN CUS? 168 [ENTER] 160 deg.
OWN SPD? 6 [ENTER] 6 kts.

TGT BRG? 350.5 [ENTER] 358.5 deg.

TIME? 12.606 [ENTER] 1206 hours.
1 Continue, 2 Leg,

3 Fix, or 4 AQP? 1 Continue input.

TGT BRG? 1.8 [ENTER] 1.8 deg.
TIME? 12.04 [ENTER] 1204 hours.
l Continue, 2 Leg,

3 Fix, or 4 AOP? 2 Input new leg.
LEG BRG? 130 [ENTER] 130 deg.
LEG DST meters? 556 [ENTER] 556 meters.
OWN CUS? 880 [ENTER] 880 deg.

OWN SPD? 6 [ENTER] 6 kts.
TGT BRG? 8.3 [ENTER] 8.3 deg.

TIME? 12.07 [ENTER] 1287 hours.
1 Continue, 2 Leg,

3 Fix, or 4 AQP? 1 Continue input.
TGT BRG? 18.4 [ENTER] 18.4 deg.

TIME? 12.11 [ENTER] 1211 hours.
1 Continue, 2 Leg,

3 Fix, or 4 AOP? 3 Compute a fix.
CUS = 123.7 course = 123,7 deg.
SPD = 12.6 speed = 12.6 kts.
BRG = 18.4 bearing = 18.4 deg.
RNG = 4023 nm. range = 4623 meters.
1 Continue, 2 LEG,

3 Fix, or 4 AOP? 4 Compute an AOP.
SIG 1 = 19263.71 m. sigma 1 = 19263.71 m.
SIG 2 = 105.22 m., sigma 2 = 185.22 m.
ANG = 18.39 angle = 18.39 deg.
1 Continue, 2 LEG,

3 Fix, or 4 AOP? Quit.
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29¢

TRS-80 MODEL 100 PROGRAM LISTING

REM TMA

DIMP(4,4),H(4),X(4) :PI=4*ATN(1l) : TP=PI+PI:RD=PI/180:GOTO50

FORC=1T09 :CS=INKEYS$:NEXTC

PRINT :PRINT"Press any key to continue.”
CS=INKEYS:IFCS$=""GOTO27

RETURN

FORC=1T09 :C$S=INKEYS$:NEXTC

CS=INKEYS:IFCS=""GOTO33
C=ASC(CS) :CS=CHRS(C+32* (C>90))

FORC=1TOLEN(C@S) : IFCS=MIDS(COAS,C,1) THENRETURN

NEXTC:GOTO33

X=INT(M*X+.5)/M:RETURN:REM ROUND

X0=0:Y0=0:F5=0
FB=1:T9=0 :FORI=1TO4 :FORJ=1TO4 : T=0: IFI=JTHENT=1000

P{(I,J)=T:NEXTJ:NEXTI

CLS:PRINT"Units:":PRINT" 1 - n.mi.,"
PRINT" 2 - yds, or":PRINT" 3 - meters?"

COS$="123":GOSUB32:K=C
IFK=1THENUS=" n.mi.":GOT0136

IFK=2THENK=2025:0U8=" yds, ":GOT0130

IFK=3THENK=1852:US$=" meters."

GOSUB4600 :GOSUB4010 :GOSUB4020 : GOSUB4030:GOSUB4049

GOTO0210

CLS:PRINT"Select Option:":PRINT" 1 - Continue,"
PRINT" 2 - New Leg, ":PRINT" 3 - Fix, or":PRINT" 4 - AOP?"

COs$="1234":GOSUB32:CLS
IFC=2THENGOSUB4670 :GOT0190

IFC=3THENGOSUB1080 :GOTO150

IFC=4THENGOSUB1680 :GOT0158
IFF5=1THENGOSUB4010

GOSUB4020 :GOSUB4640

X(1)=X(1) +X(3)*D9:X(2)=X(2)+X (4) *D9
P(1,1)=P(1,1)+(2*P(1,3)+P(3,3)*D9) *D9
P(1,2)=P(1,2)+(P(1,4)+P(2,3)+P(3,4)*D9) *D9

P(2,2)=P(2,2)+(2*P(2,4)+P(4,4)*D9) *D9
P(1,3)=P(1,3)+P(3,3)*D9

P(1,4)=P(1,4)+P (3,4) *D9

P(2,3)=P(2,3)+P(3,4) *D9

P(2,4)=P(2,4)+P (4,4) *D9

FORI=1TO4 :FORJ=ITO4:P(J,I)=P(I,J) :NEXTJ:NEXTI
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TRS-80 MODEL 1600 PROGRAM LISTING (cont.)

300 H(l1)=C*P(1l,2)-S*P(1,1)

310 H(2)=C*P(2,2)-5*P(2,1)
320 H(3)=C*P(3,2)-5*P(3,1)
330 H(4)=C*P(4,2)-S*P(4,1)

340 D=C*H(2)-S*H(1)+E*((X(1)-X0) "2+(X(2)-Y0)"2)
350 Z=YP@*C-XB*S:55=2-(C*X(2)-5*X(1))

360 FORI=1TO4:X(I)=X(I)+H(I)/D*S5:NEXTI

370 FORI=1TO4:FORJ=1TO4:P(I,J)=P(I,J)-H(I)*H(J)/D:NEXTJ:NEXTI
388 GOTO1l59
1000 X=X(1)-X0:Y=X(2)-YB:R2=SQR(X*X+Y*Y) :GOSUB5008 :B2=AT
1010 X=X(3):Y=X(4):52=SQR(X*X+Y*Y) :GOSUB50808 :C2=AT

1020 M=10:X=C2/RD:GOSUB40 :PRINT"TGT CUS
=";X:X=82:GOSUB40 :PRINT"TGT SPD =";X

1830 X=B2/RD:GOSUB48:PRINT"TGT BRG =";X:X=R2*K:GOSUB40:PRINT"TGT
RNG =";X;U$
1040 GOSUB25:RETURN
1080 A=P(l,1):B=P(2,2):D=P(1,2):X=A-B:Y=D+D:GOSUB5000:A1=AT/2

1090 S3=(A+B)/2:C3=SQR((A-B)“2/4+D*D) :S1=S3+C3
1188 s2=S3-C3

1110 M=100:X=K*SQR{S1) :GOSUB48:PRINT"SIG 1 =";X;US$S
1120 X=K*SQR(S2) :GOSUB40:PRINT"SIG 2 =";X;US$
1138 X=Al/RD:GOSUB4@:PRINT"ANG =";X:GOSUB25:RETURN

4000 CLS:INPUT"BRG ERR" ;E:E=E*RD:E=E*E:RETURN

4010 INPUT"OWN CUS";CB:CP=C@*RD:INPUT"OWN SPD" ;S@:RETURN
4020 INPUT"TGT BRG";B9:B9=B9*RD:S=SIN(B9) :C=COS(B9) : RETURN

4030 R9=32:X(1l)=R9*C:X(2)=R9*S:X(3)=0:X(4)=0:RETURN
4040

T8=T9:INPUT"TIME";T9:CLS:X=T9:GOSUB4110:T9=V:IFF@=1THENF@=0:T8=T9

4050 D9=T9-T8:IFF5=0THENXB=X0+D9*S@*COS (CHB) :YO=YB+D9*SB*SIN(CO)
4060 F5=0:RETURN

4070 INPUT"LEG BRG";B8:B8=B8*RD:PRINT"LEG DST" ;US$; :INPUTR8:R8=R8/
K

4080 X0=X0+R8*COS(B8) :Y?=YO+R8*SIN(BS)
4090 F5=1:RETURN
4110 SS=SGN(X) :X=ABS(X) :H=INT(X) :M0=1:GOSUB4200 :V=X*

100 :X=V:GOSUB4200:

4120 V=SS*((l08*X/68+INT(V))/60+H) :RETURN

4200 X=X-MO*INT(X/MO) :RETURN:REM MOD FCTN

5000 AT=ATN(Y/(X-1E-9*(X=0)))-PI*(X<8) :AT=AT-TP* (AT<@) : RETURN
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Appendix I: The Fixing Algorithm

The Kalman Filter TMA model may be developed as fcllows: A

target and an observer move on a plane surface. The observer, at

position (uy wi) measures the target bearing By, at time tyr for

k =1, ..., n. The rectangular coordinate system used to estimate

the target's position is shown in Figure 1.

North (x-axis)

     

B, ~- observed bearing e, = r, sin 9: - 5.)

Bok - true bearing

(xy, ¥,) — true position
of target

— 5

Tk

re true range 
 — Fast (y-axis)

(uy wp) - observer's position

Figure 1. The encounter geometry. The north-south coordinates x
and u and the east-west coordinates y and w are
measured from the same origin.
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In Figure 1, the point labeled (ur wy) represents the

tracker's position and the point labeled (Xr Yy) represents the

true target position at tyr the time associated with an observed

bearing By. At time tyr Brg represents the true target bearing and

ry represents the true target range. The bearing error associated

with an observation is assumed to be distributed N(0, of). The

: 2 2
‘or ep. at a range rr is then N(©, Loy).

From Figure 1,

e, =r, sin (Boy - B)s

which rearranges to

e, =u, sin B, ~ w, cos B, = x, sin By + Y) cos By . (1)

In the least squares procedure [Ref. 1], one sets

"Xp xg + v (ty - tg), (2)

Yy

and then minimizes sel with respect to Xgr Ygr Vy and yr where

(xg Yg) represents the target's position and (Vr vy) represents

the target's velocity at time tye The minimizing values are the

estimated position and velocity, denoted by (Ry vq) and (Vr

Vl respectively.

An identical least squares model is obtained if one sets

z, =X sin By - Yy cos B, + er (3)

where zy, is computed from
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Z, =u sin By - Ww, cos By, . (4)

Instead of substituting Equ. (2) into Equ. (3) and using the least

squares procedure, we treat Equ.(3) as the measurement model in a

Kalman Filter [Ref. 2]. The system model is taken to be

Xp = CpXp-17 for k = 1, 2, so 00

where

0
|

W
m

=

2
©

~
~

©

2
+
H

W
m

3

=
=

3

and

xX, = [xy Yi Vy vl

In these equations, Ty = rel - ty and [...]' denotes the

transpose matrix,

The measurement model (Equ, 3) can be written as

= H + e2x k&k Kk’

2 2
where e, = N(@, RR.) R, = [Ops and

Hp = [sin B, -Ccos B, ég a2].

If we let (7) denote an extrapolated quantity (the movement

phase of the Kalman Filter) and (") denote and updated estimate

(following an observation), then, for the extrapolation
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X= %-1%-) and

Py = ®1Pk-1%-1°

For the measurement update,

_ 3 - -1
Kye = PHy [HPHY + R, 1] ’

>SN = 2, + Klz, = HX] ’ and

_ 5 - 5 '
Py, - Py, K(PHL).

Since the true range r, is not known, we approximate R, by

22 = (2, - up)? +g - wp?

To initialize the filter, we assume the initial range of the

target to be one convergence zone (CZ), about 32 n. mi., with a

standard deviation of one CZ, and the initial position is in the

direction of the first bearing observation. Further, the initial

speed is taken to be zero with a standard deviation of 32 knots.

Thus, we set

X, = [32 sin B,) -32 cos B, 2 g1°,

and the covariance matrix

1000 2 2 2

- g 1000 2 2
P, =

2 2g 11000 2

2 2 g 1lo@0
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Following the first observation we find x, = X,.

In this model the observer's position (ur wy) at time ty is

taken to be

up ug + VTi cos Cgr

and,

+ v. Tvg yok sin CgrYk

where (ug, wg) is the observer's position at time tye It would be

easy to modify this algorithm to allow for multiple sensors by

generating the sensor's coordinates (uy wi) at time te.

If the elements of the covariance matrix P, are denoted by

(By 5) then the semimajor and semiminor axes, oy and Ogre of the

AOP are computed as follows:

2 A A A 2

op (Byy * By)/2 + [(Byy = Bp) 7/4 + 1,177

Gy = (Py; + Pyy)/2 - [(By, = pyj) /4 + pya] / ’

where the orientation angle A of the semimajor axis of the AOP

is given by

A = 0.5 gatn (26,57 p1 - Bn)

The notation gatan(Y¥,X) denotes arctan(Y/X) corrected for

quadrant.
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Appendix II: Some Computational Details

Let the elements of the covariance matrices P and P be

denoted by (B; 5) and (B;4) respectively. Then, suppressing the

time dependent subscripts, the covariance extrapolation,

P = oPQ'

can be expanded into the following components:

~ ~ 2

Py = Pyy * 2P)3T + P3;T
. . 2

Pap + 2P4T + Py,T
2A

Prag + (Bry + By3)T + By,T

By3 = Py3 * P33T

Brg = Byy + P3yT

Bz = Pp3 + P3,T

Bog = Pay + ByyT

P33 = P33

B3g = Pay

Big = P34

Let the elements of PH' be denoted by (h;). Then,

h, = Bio cos B - 8, sin B

h, = Bss cos B - 12D) sin B

hy = Bos cos B - Bis sin B

hy = Bsa cos B - Bia sin B

-26-



and,

= _ }
HPH h, cos B h, sin B.

Let the elements of K be denoted by (kj). Then,

ki = h,/D for i=1, 2, 3, 4

where D = HPH' + R.

Finally,

w
w ij = Pi; - k;h, for i, j = 1, 2, 3, 4.
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