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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.
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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, Z+, 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. L+ (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.

1535 Compute a fix. 1/x (FIX)
14. TGT CUS: (degrees) R/S
15. TGT SPD: (knots) R/S
l6. 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
214 S1G 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? 350.5 [R/S] 356.5 deg.
TIME? 12.086 [R/S] 1208 hours.
TGT BRG? 1.8 [R/S] 1.8 deg.
TIME? 12.084 [R/S] 1204 hours.
TGT BRG? L+ (LEG) Input a new leg.
LEG BRG? 139 [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? 12.087 [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 = #.06 n, mi,
ANG: 18.39 [R/S] angle = 18.39 deg.
NEXT OPTION? Quit.
=-3=




HP-41CV PROGRAM LISTING

A1e[BL -THA" 47 P-F
| A2e18L 99 42 ST0 18
A3 TONE & 49 XOOY
@4 "NEXT OPTION?® 5@ STO 11
25 AVIEN StelBL At
a5 670 99 52 RCL 3t
A7eLRL “RERE" 53 570 3@
_ RE “PRC ERR2° 54 -TIME?"
1 89 PROMPT S5 PROMPY
18 I-pP SE HR
11 ¥42 57 ST0 2
12 878 23 58 FS2C 1A
13 RN 59 5§70 3@
14 GTG 98 6@ RCL 3%
15eL8L “HEK® 6] -
16 SF 1@ 62 ST0 14
17 CLRG 62 F52C A9
18 1 €3 64 GT0 94
19 STO @@ €5 RCL 26
20 STO 8t 66 RCL 27
21 STO @2 £7 RCL 14
22 §1¢ 43 68 ¥
23 1892 €9 P-R
24 ST0 39 70 ST+ 28
25 ¥EQ -BERR® 71 XOY
26eLBL -CS" 72 5T+ 26
27 “DWN CUS? 73¢L8L 68
28 PROMPT 74 RCL 12
29 570 26 75 ROL 14
3@ “ONH SPD?° 76 %
31 PRONPT 77 ST+ 1@
32 ST0 27 78 RCL 13
J3eLBL -TR" 79 RCL 14
34 "TGY BRG?" 28 *
35 PRONPT 81 ST+ {1
36 ST 32 82 RCL 14
1 83 ENTER?
I8 p-R 84 ENTER®
39 810 25 95 ENTERt
48 XOOF 8¢ RCL 82
41 S5T0 24 87 +
42 FC? 18 88 RCL 85
43 GT0 01 89 ENTERt
44 32 ag ¢+
45 RCL 32 9y ¢
46 XOY 92 »




HP-41CV PROGRAM LISTING (cont.)

93 ST+ Ad
94 CLX%

95 RCL @9
9% *

97 RCL @7
a8 +

99 RCL 8%
18 +

181 =

182 ST+ A4
183 CLX
184 RCL @3
125 *

186 RCL 98
187 ENTER?
1Ag +

189 +
118+

111 &7+ 81
112 CLZ
112 RCL @2
114 ¢

115 51+ €5
116 CLZ
117 RCL a9
118 *

119 5T+ &6
128 ST+ @7
121 Ci¥
122 RCL @2
123 #

124 ST+ @8
125 PCL 25
126 PCL @4
127 *

128 RCL 24
129 RCL @@
138 *

el 2

132 §70 19
133 579 15
124 RCL 25
135 RCL 81
136

137 REL 24
138 RCL @4

129
148
141
142
141
144
145
146
147
148
149
158
15¢
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
190
181
182
183
184

o) R
o [l =
- R )
o s ~J oA D

rf.\lnzgm&gsorn.;nln

A A e D
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(o)
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2
P
I

[ - o B = B . = B o BEV S ]
T

§TO 22
81O 18
RCL 25
ROL 26
¥

ROL 24
pCL 19
%

RCL 14
RCL 28

X42
RCL 11
RCL 29
¥t2

+

RCL 23
*

+

ST/ 19
ST/ 1§
ST/ 17
ST/ 18
RCL 29




] HP-41CV PROGRAM LISTING (cont.)

185 RCL 11 231 RCL 1S
186 - 232 RCL 21
187 RCL 23 233 »
188 » 234 ST- @5
189 RCL 28 235 RCL 15
19@ PCL 1@ 236 RCL 22
191 - 237
192 RCL 24 238 ST~ 8¢
193 = 239 RCL 16
194 - 24r RCL 21
195 ST0 33 241 ¢
196 RCL 15 242 ST- @7
197 * 243 PCL 16
198 ST+ 1@ 244 RCi 22
199 RCL 33 245
2689 RCL 16 246 ST- 08
281 * 247 RCL 17
282 ST+ 11 248 RCL 22
283 RCL 33 249 *
2084 RCL 17 250 8T1- @9
205 * 251 GT0 -T@°
2086 ST+ 12 252¢LBL °LEG®
287 RCL 33 253 °LEG BRG®"
288 RCL 18 254 PROMPT
289 = 255 °LEG DST?"
218 ST+ 12 256 PROMPT
211 RCL 15 257 RCL 39
212 RCL 19 258 7
i 259 P-p
214 ST- 6@ 268 5T+ 28
215 RCL 16 261 XOY
216 RCL 29 262 ST+ 29
217 * 263 SF 8%
218 ST- 81 264 GIN LS
219 RCL 17 265¢LBL “FIX-
228 PCL 21 266 SF 21
221 # 267 FI¥ 1
222 S1- 82 268 RCL 13
223 RCL 18 269 RCL 12
224 RCL 22 270 R-P
225 * 271 S10 24
226 ST- @3 272 XEQ 91
227 RCL 15 273 “TGT CUs: -
228 RCL 28 274 ARCL X
229 275 AVIEW
230 ST- A4 276 “TGY SPD: ©
-6-
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i HP-41CV PROGRAM LISTING (cont.)

277 ARCL 34 312 RCL @4
278 AVIEK 313 ¥
279 RCL 11 314+

288 RCL 29 315 SART
el = 314 STD 34
282 RCL 10 N7+

233 RCL 26 318 soeT
224 - 19 -SI6t: -
283 R-P 328 ARCL %
286 RLL 39 321 AVIEW
287 » PZNRE AT
238 £TD 34 323 REL 34
289 ¥E@ 91 324 -

208 “TGT BEG: » 325 SART
241 RRCL X 326 =516z
292 AVIEW 327 ARCL ¥
293 "I06T RNG: - 320 AVIEW
294 ARCL 34 329 RCL B4
295 AVIEW 330 ST+ ¥
298 £70 99 331 RCL @R
297¢LBL "ROP- 332 RCL &)
298 SF 21 &g =

299 FIx 2 374 B-F
306 RCL @@ 335 REG 91
38! RCL B 336 2

382 + 337

inz 2 338 QMG -
ELE 339 fRCL ¥
385 570 33 340 AVIER
306 RCL @A 241 6T 99
387 RCL @1 Jd2eL8L §i
ing - 343 CLX
Jaa 2 344 3o@
e s 345 MOD

311 ¥t2 344 EMD




THE HEWLETT-PACKARD HP-75C.

III.

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
L 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.
11310 TGT CUS: (degrees) [RTN)
14, TGT SPD: (knots) [RTN]
15, TGT BRG: (degrees) [RTN]
16. TGT RNG: (units) [RTN]
AL Go to Step 8.
18. SIG 1: (units) [RTN]
19. SIG 2: (units) [RTN]
20, ANG: (degrees) [RTN]
21, Go to Step 8.
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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 1380 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] 160 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.
1l 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? 8808 [RTN] 980 deg.
OWN SPD? 6 [RTN] 6 kts.
TGT BRG? 8.3 [RTN] 8.3 degq.
TIME? 12.067 [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.
1l =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.

-9-




HP-75C PROGRAM LISTING

19 REM THR

20 GOTO o8

30 C$=KEY$ @ IF C$="" TH

EH 38

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

UPK

58 HEXT C @ GOTD 3@

69 OPTION BASE 1 @ OPTIO

N AHGLE DEGREES

78 DIM P(19) . H(4),%(4)

88 DEF FNR(X,M) = THT(Ms

X+.5)/M

90 X6=0 @ Yp-0 @ F5=#
108 F@=1 @ T9=0 @ L-0 @

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

046 L=L+1 €T=0¢6IF1

=J THEH T=190@

118 P(L)=T @ NEXT J & NE

XT1

128 DISP ‘Units: 1 n.ai,
2 yds, or 3 a7 ' @ (64
=*122* @ GOSUB 3@ & 1)=C
130 1F U=1 THEN K=1 & U$
='nn’ O GOTO 168

148 IF =2 THEH K=202% @
Us='yds.* & GOTD 168
158 IF U=3 THEN K=1B52 @
Us="n.' €& GOTD 168

168 GOSUB 4668 @ GOSIB 4
918 @ GOSUB 4829 @ GOSUB
4939 8 GOSUB 4849

178 GOTD 248

180 DISP *1 COHT, 2 LEG.
3 FIX, 4 AOP?* @ CAs$='1
234' @ GOSUR 34

199 1F C=2 THEN GOSIIE 4@
78 8 GOTD 220

208 IF C=3 THEH GOSUE 1@
80 @ GOTD 1BA

219 1IF (=4 THEH GOSUB 1@

58 @ GOTO 188

228 IF £S5=1 THEN GOSUB 4
a1e

238 GDOSUB 40720 @ GOSIB 4
848

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

-10-~

. . 3 e » ey M

258 PC1)=P(1)4 (24P (5)4P(
B)*D9)+D9
268 P(2)=P(2)+(P(4)+P(6)
+(9)2D9) 219
278 P(S)=P(S)+ (24P (74P (
1@)#D9) )4
2B@ P(3)=P(3)+P(B)#Ii?
298 P(4)=P{4)+P(9)#]9
308 P(A)=F(R)4P(9)4]9
3e PH=P(T)+P(18)4]9
328 H(1)=CaP(2)-5eP 1)
338 H(2)=C#P(S)-S#P(2)
348 HOD=CAP(R)-S#P(T)
358 H(4)=CeP(7)-54F(4)
360 D=CaH(2)-S#H (] 1+Ea((
X(1)-X@) 24 (¥(2)-Y6>"2)
370 Z=Y@sC-X0#S @ C5=7-(
C#x(2)-5¢X(1))
380 FOR 1=1 T0O 4 @ ¥(I)=
X(1)4+H(T) /D85 @ NEXT |
390 L=@ @ FOR I=] T 4 @
FOR J=1 T0 4 & [=[+1 @
PCL)=P{LI-H(TI #H(D /D &
NEXT 1 & NEXT |
498 GOTD 18@
1908 X2=X(1)-¥8 & Y2=X(?
)-Y8 8 R2=SQP(X2#X2+Y24
2) @ B2=ANGLE(¥2,Y2) & ]
F B2{@ THEN B2=B2+36#
1918 X2=¥(3) # Y2=K(4) ®
S2=5RP(X2¥X24Y25Y2) 8 [
2=RHGLE(X2,Y2) @ IF C2(¢
THEN C2=C2+368
1828 DISP "CUS =" ;FNR(C2
,18); @ DISP * SPD =';FH
R(S2,18) & GOSUR 4198
1830 DISP "BPG =;FNR(R2
+18); @ DISP * RNG ="iFN
R(R2eX, 18);U$ @ GDSUE 41
L)
1840 RETURN
1850 A=P(1) @ R=P(S) @ D
=P(2) @ A1=AHGLE(A-B., 24D
)72 8 1F A1(@ THEH A1=R1
+108
1868 S3=(A+L)/2 @& (3=56F
((R-B)*2/44Ds]) @ 51=53+
3

AL A o
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HP-75C PROGRAM LISTING (cont.)

1876 52=53-(2

1886 DISP * 1 = *;FNR(¥

*50R(S1), 180) ;U8 & GOSUE
4168

1898 DISF = 2 = ";FNP

(K&SQR(S2), 188);U$ & LS

g 4184

1188 DISF "aNG = *;FHR(H

1,18) & GOSUE 4188 W RET

UPK

4888 [NPIIT 'BRC ERFY )

E 8 E=RAD(E) ® E=Eof B P

ETURN

4818 INPUT DN CUS? °

(e @ [NPUT 0wk SPD?

S# ® PETUCN

4828 INFUT “TGT BRC?

B9 @ S=5IN(RG) B C=L0OS(E

9) B RETURN

4836 P9A=12 B X(1)=ROs({ @
X(2)=P9x§ B ¥(3)=0 B ¥f

4)=8 & PETURN @ REM P9 =
EST RNG

4A49 TR=T9 B JNPUT “TIKD

2 05 T9 8 V9=FNH(T) 6 ]

F FB=1 THEN Fa=8 @ T§=TS

4958 H9=79-TP ¥ [F F5=#

THEN XB=X#+DsSR«COS(CH)
P YB=YR+D9+SAsSIN(CA)

4R68 F5=F R RETURN

4078 INPUT LEG BRG? *:

B @ BR=FNH(BR) @ NPT

*LEG BST? *: RR B PE=RE/

¥

4088 XA=XR+RR«LOS(RY) ¥

YO=YB+RASSIN(RE)

4899 F5=1 @ RETURN

4188 WATT 5 @ RETURN

4118 DEF FHH(V)

4128 H=INT(V) @ Y=FP(V¥)s

180 8 FNH=(1RA+FP(V 1 /6R+

INT(VY)7604H

4138 END DEF

=11~




IV. THE SHARP PC-15686 (RADIO SHACK TRS-80 PC-2).

SHARP PC-1566 (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
o 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, 1l 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]
l16. LEG DST? Key in distance on leg. [ENTER]
V2% Go to Step (4.
13. TGT CUS: (degrees) [ENTER]
14. TGT SPD: (knots) [ENTER]
1575 TGT BRG: (degrees) [ENTER]
l6. TGT RNG: (units) [ENTER]
17. AOP? Y or N
Y goes to Step 18, Y
N goes to Step 8. N
18. SIG 1l: (units) [ENTER]
19. SIG 2: (units) [ENTER]
20. ANG: {(degrees) [ENTER]
21, Go to Step 8.
=i3=




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 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 680 deg.
at 6 kts. The maneuver ends at 1207, at which time the target
i 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
s 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? 12.00 [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 deq.
SPD = 12,6 speed = 12.6 kts.
BRG = 18.4 bearing = 18,4 degq.
RNG = 4023 m, 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.,

- emacaiadih, Bdisdhe s i POV




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

B:REM THMA
15:WAIT :GOTO 30
20:C$=INKEY$ :IF
C$=""THEN 20
22:FOR C=1TO LEN
(CB$): IF Cs=
MID$ (C8s,C, 1D
THEN RETURN
24:NEXT C:GOTO 20
30:0IM PC10), H(4)>
y X(4):RD=P] /1
88: DEGREE
58:X0=0:YP=0:FS5=0
60:FP=1:T9=8:L=0:
FOR 1=1T0 4:
FOR J=ITO 4:L=
L+1:T=8:1F I=J
THEN LET T=100
(%]
78:PCL)=T:NEXT J:
NEXT 1
80:PAUSE "1 n.mi,
2 ydsy, or 3 m
eten?"”
85:£8%$=")23":
GOSUB 20:K=C
90: IF K=1THEN LET
Us=" n.mi.":
GOTO 130
1808: IF K=2THEN LET
K=2025:U$=" yd
s.":GOTO 139
110: IF K=3THEN LET
K=1852:U$=" me
ters”
130:G0SUB 4800:
GOSuUB 4910:
GOSUB 4020:
GOSUB 4939:
GOSUB 40949
140:G0T0O 218
150:PAUSE "1 CONT,
2 LEG, 3 FIX?
":CP$="123":
GOSuUB 28:CLS :
WAalT
160: IF C=2THEN
GOSUB 40709:
GOTO 190
170: 1F C=3THEN
GOSUB 1000:
GOTO 159

198: 1F F5=1THEN
GOSuUB 4918
200:G0SUB 4820:
GOSUB 4040
218:X(1)=X(1)+X(3)
¥DS: X(2)=X(2)+
X(4>%D9
220:P(1)=P(1)+(2%P
(3)+P(8)>%D381 %D
S
230:P(2)=P(2)+(P(4
Y+P(B)+P(39)%D3
)¥DS
240:P(3)>=P(3)+(2%P
(2)+P(10)>%D38)> %
DS
250:P(3)=P(3)+P(8)
DS
260:P(4)5=P(4)+P(9)
xD3
278:P(6)=P(6)+P(3)
*D3
288:P(7)=P(7)>+P(10
>xD3
290:H(1)>=CXP(2)-SX
PC1d
380:H(2)>=CXxP(5)-Sk
P(2)
310:H(3)=CXP(6)-SX
P(3>
328:H(4)=CXP(7)-Sx
PC4)
330:D=CXxH(2)-SxH (]
Y+EXC(X(1)-X8)
A2+(X(2)-YB)I~2
)

348: 2=YBXC-XBXS:. S5
=2-(C¥X(2)-S%X
1

358:F0R 1=1T0 4:X(
I>)=XCI)+HC1Y /D
*SS:NEXT 1

360:L=0:F0R 1=1T0
4:FOR J=1T0 4:
L=L+1:PC(LI=PCL
Y-HCI>XHCJ)>/D:
NEXT J:NEXT ]

370:G0OT0 150

1008: X=X(1>-XB. V=
X(2)-YB:R2=
SAR (XkX+YXY
):GOSUB 5000
:B2=AT




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

1810:

1920:

1930:

1949:

19508:

1980:

1999.

11909:

1118:

11209:

1139:

X=X(3):Y=X(4
):52=5QR (X%
X+YxY):GOSUB
5999:C2=AT
M=18:X=C2:
GOSUB 5010:
PRINT "TGT C
US =";X:X=52
:GOSUB 5019:
PRINT “TGT S
PD =";X
X=B2:G0OSUB S
PIQ:PRINT T
GT BRG =";X:
X=R2%K:GOSUB
SP18:PRINT
TGT RNG =";X
sUS

PAUSE "A0P?
Y or N ":CD$%$
="YyNn":
GOSuB 29:CLS
1F C>2THEN
RETURN

Q=P (1):B=P(S
). D=P(2):X=AQ
~-B.Y¥Y=2%D:
GOSUB 5088: 4
1=AaT,2
S3-(ArBY/2:C
3=SAR ((A-B)
~n2/440%D)
S1=83+(C3:62=
Sei=C3

M=190. X=K%
SAR (S1):
GOSuUB 50910:
PRINT "SIGI1=
"X US
X=K%XSQR (S2)
:GOSUB 50R10:
PRINT "SIG2
=" X;Us
X=A1:G0SUB 5
P1B:PRINT "A
NG =";X:
RETURN

PROGRAM LISTING (cont.)

4900:

4010:

4920:

4030:

4949:

4959:

4960:
4070:

4075

4080:

40909
5000:

5018:

e —

INPUT "BRG Lt
RR? "iE:E=Ex
RD:E=Ex*E:
RETURN

INPUT "OWN C
us? *;Ca:
INPUT "OWN S
PD? " :S0:
RETURN

INPUT "TGT B
RG? ":B9:.S=
SIN B9:(C=C0S
B3:RETURN
R9=32:%X(1)=R
9%C: X(2>=R9x
S:%(3)=n:%X(4
)=P:RETURN
T8=T9: INPUT
"TIME? ":T9.
CLS :T79=DEG
T9: 1F Fp=1
THEN LET fB=
P.T8=T9
N9=T38-T8: 1~
FS=@ATHEN LET
XP=X@+DIkSAk
C0S CP:vYP-YP
+PDI%kSPXSIN C
(%)
F5=P.RETURN
INPUT "LEG B
RG? ":iB8:R8=
DEG B8

WAIT B:PRINT
"LEG DST ".J
$;: INPUT "7
";RB8:PAUSE .
R8=R8/K
XP=XP+RB8XCOS
BB: YP=YD+RA%
SIN B8
FS=1:RETURN
AT=ATN (Y (X
+]1E-9%(B=X))
D+180% (X(A):
AT=AT+360% (A
T<P):RETURN
X=INT (MkX+,
S5)7M: RETURN




V. THE RADIO SHACK TRS-88 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
i below. (Memory: 2583 bytes for program; 815 bytes for variables.
Total = 3318 bytes.)

DISPLAY INSTRUCTION INPUT
183 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, 1l returns to Step 6. 1
2 Leqg, 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]
l18. LEG DST? Key in distance on leg. [ENTER]
12, Go to Step 4.
13 TGT CUS: (degrees) [ENTER]
1445 TGT SPD: (knots) [ ENTER]
15. TGT BRG: (degrees) [ENTER]
16. TGT RNG: (units) [ ENTER]
1575 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.

~16-~




RADIO SHACK TRS-80 MODEL 1860 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
t 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

i the distance-made-good is 556 meters. Your new course is @806 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
Units: 1 n.mi.,
2 yds., or 3 m.? 3 Select meters.
BRG ERR? 1 [ENTER] 1 deg.
OWN CUS? 1668 [ENTER] 160 deg.
OWN SPD? 6 [ENTER] 6 kts.
TGT BRG? 350.5 [ENTER] 358.5 deg.
TIME? 12.606 [ENTER] 1206 hours.
1l Continue, 2 Leg,
3 Fix, or 4 AQOP? 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] 136 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 AOP? 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 m. range = 4623 meters.
1l Continue, 2 LEG,
] 3 Fix, or 4 AOP? 4 Compute an AOP.
1 SIG 1 = 19263.71 m, sigma 1 = 19263.71 m.
: SIG 2 = 185.22 m., sigma 2 = 185.22 m.
1 ANG = 18.39 angle = 18.39 deg.
i 1l Continue, 2 LEG,
3 Fix, or 4 RAOP? Quit.
E
|
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TRS-80 MODEL 100 PROGRAM LISTING

REM TMA

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

FORC=1T09 :CS=INKEYS$:NEXTC
PRINT:PRINT"Press any key to continue.”
C$S=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:U8=" yds,":GOT0130
IFK=3THENK=1852:US$=" meters."
GOSUB4600 :GOSUB4010 :GOSUB4020 : GOSUB4030:GOSUB40A40
GOTO0210
CLS:PRINT"Select Option:":PRINT" 1 - Continue,"
PRINT" 2 - New Leg,":PRINT" 3 - Fix, or":PRINT"
CAS="1234":GOSUB32:CLS
IFC=2THENGOSUB4670 :GOT0190
IFC=3THENGOSUB1080 :GOTO150
IFC=4THENGOSUB1@80 :GOT0O158
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

=18=
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TRS-80 MODEL 1600 PROGRAM LISTING (cont.)

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

3180 H(2)=C*P(2,2)-5*P(2,1)

320 H(3)=C*P(3,2)-S*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)-YP: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:GOSUB4# :PRINT"TGT CUS

=";X:X=82:GOSUB40 :PRINT"TGT SPD =";X

1830 X=B2/RD:GOSUB4@:PRINT"TGT BRG =";X:X=R2*K:GOSUB40 :PRINT"TGT
RNG =";X;U$

1040 GOSUBZ25: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:CB=CO@*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(1)=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=0THENX@=X0+D9*S@*COS(CB) :YO=YB+D9*SB*SIN(CO)
4060 F5=0:RETURN

4970 INPUT"LEG BRG";B8:B8=B8*RD:PRINT"LEG DST";US; :INPUTR8:R8=R8/
K

4080 X0=X0+R8*COS(B8) :Y?=YB+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-MB*INT(X/M@) :RETURN:REM MOD FCTN

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

-l 9-
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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 (uk, wk), measures the target bearing Bk at time tk' for

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

the target's position is shown in Figure 1.

North (x-axis)

Bk - observed bearing e, = r, sin (BTk - Bk)
BTk - true bearing
(X, ¥,) - true position
of target
I_\B
Tk
By = true range

u Fast (y-axis)
(uk, wk) - 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.




' In Figure 1, the point labeled (uk, wk) represents the

F tracker's position and the point labeled (xk, yk) represents the
true target position at tyr the time associated with an observed

| bearing B, . At time tk' Bk represents the true target bearing and

Ly represents the true target range. The bearing error associated

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

; 202
‘or e, at a range r,r is then N(@, rkck).

From Figure 1,

; e, = r, sin (BTk = Bk),
which rearranges to
e, = u, sin Bk ~ W, cos Bk = X, sin Bk + Yy cos Bk' (1)

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

[}

Xy xg + Vx(tk - tg)e (2)

Yy

and then minimizes Zei with respect to Xgr Ygr Vg and vy, where
(xg, yg) represents the target's position and (vx, vy) represents
the target's velocity at time tg. The minimizing values are the
estimated position and velocity, denoted by (ig, ?0) and (Gx,

Gy), respectively.

An identical least squares model is obtained if one sets
z, = x, sin Bk - Yy cos Bk + eyr (3)

where z, is computed from

«)Da




Z, = u sin Bk - W, cos Bk. (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

Xk = ¢k_le_ll for k = 1’ 2, so 00

where

02 | W -

2 O 9~ ®©

and
Xk'_' [xk Yk v V]'.

In these equations, Tk = tk+l = tk and [...]' denotes the
transpose matrix,

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

= H + e

2y k& Kk’

2 2
where e, = N(@, Rk)' Rk = L0y and
Hk =. [sin Bk -Ccos Bk ¢ @2].

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

R gy




L, = %1%~y and
P = % 1Pk-1%-1°

For the measurement update,

sag = -1

Kk = Pkﬂi[HkPkHi + Rk] '

Xk = xk + Kk[zk e Hkxk] ? and
e - = [

Pk - Pk Kk(Pka)'o

Since the true range L, is not known, we approximate Rk by
22 2

k %k where

Rk =

2 2

fi = (R - u)T (g -w) T

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

Thus, we set

%, = [32 sin B -32 cos B g 0],

1 1

and the covariance matrix

1000 /) P P
= P 1000 /) P
P1 =
P 2 1000 P
P P /) IEEEJ
=Th~




Following the first observation we find il = X,.

In this model the observer's position (uk, wk) at time tk is

taken to be

u, = ug + vka cos Cs'

and,

Wi Vg + vka sin Cs,
where (ug, wg) is the observer's position at time tg. It would be
easy to modify this algorithm to allow for multiple sensors by
generating the sensor's coordinates (uk, wk) at time tk.

If the elements of the covariance matrix ;k are denoted by
(ﬁij) then the semimajor and semiminor axes, oy and Ogr of the

AOP are computed as follows:

2l o A e )
o1 = (Byy * Bpp)/2 + [(Byy = Bpp) /4 + D117
R A S T e
A (pll + Pzz)/z [(pll 922) /4 + 912] ’

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

is given by
A = 0.5 gatn (2§12, ﬁll - 522).

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

quadrant.




Appendix II: Some Computational Details

~

Let the elements of the covariance matrices P and 5 be
denoted by (ﬁij) and (pij), respectively. Then, suppressing the

time dependent subscripts, the covariance extrapolation,

é P = 0PO'

can be expanded into the following components:

A - ~ ~ 2
Byy = By * 2P;3T + P3;T
2

Paa * 2P4T * Py,T
2

3

Prg + (Byy * By3)T + By, T

Byz = Py3 * P33T
P1a = Pyg *+ P3yT

Bz = Bp3 * B3,
Bog = Poy + Pyt
P33 = P33
B3y = B3y
Byy = P34

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

= plz cos B - pll sin B

= p22 cos B - p12 sin B

= p23 cos B - pl3 sin B

= p24 cos B - pl4 sin B
-26-
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HPH' = h2 cos B - hl sin B,

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

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

where D = HPH' + R.

Finally,

p.

i3 = Byj - kghy for i, 3 =1, 2, 3, 4.

1]
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