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~~~~~~ NAT~CN ~P RM~ E AM~ BEARI1~G FR~ 4 Ifl ’~AC LAME CcIjW~

~ *ivr s. ~~

This aoraM~~ d.scrlb.e tb. nethod for d raining ri~ ge and bearin.g

between two ships at sea using L ORAC as a n*vigat,tona3. old. Ti13 i~*aersrd*a
has been prsps.red because it 1. belie~ed tbat the ir!c~~at~on ~zay be ~setul

to other. working in an allied field at ~~~ This aomorer d~~ sbou] d not b~
comatr~~d as a report sinc, its aal~yr function is to pr~ceL t ii fcranticn cii a

small portion of the work on ~~L Problem L1-5. Distribution cutsid~ the

L orstory is not contemplated.

¶~bis mamorsadun will dieeuss a mathod for determining range end bearing

betma.n two ships, through the use of a Burr oughs 220-Digital C~~~uter , fr ~~
the Red and ~)reen lane counts obtained ‘ten using a LC1~AC~ network. Pre-

viously, calculations of bearings and ranges were made using desk calculators .

Roeever, this was a long and ted.toue task which re pzired the drav1t~ of

charts and t~ze handling of v l*aino us nuabers.

The present procedure is based on formulas st~plied by t)-•e ~~~. 8. Na~’y

~ydrogz’sphic Office. Theee formul as gice the coordinates of a ship in ~k~icer -

8a3. Pranav.ra. p~ rcato r (u.T.M. ) Coordinates liben the LORAC red and green 1an~
counts are known. Th. formulas ware extecded at NEL to determin, range end

bearing between ships in addition to the t .?JI. coordinates .

1”Instaliation ~schniqus. for A1/F~~-1 (v) Navigationa~. Aida~ Sect. 3, NA ’SEIPS
~2963, 1~ rch U, 19~7. (C)
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This section viii cower formulas used to conwert LOPA~ Lane coordinates

to thilversal ran.~erse Maroator ~~~‘ . ~.M. ) Coordinate. - ~~~s forwilas ware

obt,Ared fron the t7 .  8. ~ydrographt c Office, Washington, D. ~~~.

Before going into the actu&l calculations, certain constants laist be

b~cv~ . ‘They are as follows :

1. ~~~~~~ Easting of Master

2. - U.9?.L Icrthi~g of 1~ ster

3. - An&. of Rotation Countsrelookvise ; Gre. .’ Axis into

positive X-Azis

iê. Lr - Bed Lane Count

5• ~~ 2J 1u~~er of Lanes in Red Base

6. Kr - Red Base lergth/2

7~ Lg - Green Lea. Count

8. Mg 2/I~aber of Lanes in ~reen Base

9~ Kg • Green Bas. ]angth/2
10. a, - Mgi. Coimtarcloekvis. betwe n Red Base and Green Base

ii. •in a

12. co. w

AU the above mantioned constants , except 1r and L8, were furnished by

the U. S. Eydr ographio Office during the p~ana4’ig and sur rey phases of the

problem, upon receipt of the locations of the La~AC shore stations and the

assigned L~~AC radio frequsnoy. Angles are in degrees and the distance s are

in ters. Refe r to figure (1) for the n,~n{~ g of tsr not fully explained.

With the above constantB, end the Red and Green Lane counts obtained during

2 1 i



sea operations trcs the ~~~~~ receiving equ.t~~~ nt , the solution to dstsrmir~a

the C1.T.K. coordinates is as follow.:

A - 1 _ A Ar - L

A - i - IA  - L

K~~~~Xr ( i _ A r
2) / K g ( l_  A

8
2)

t a uø - s i n uVJC- cos ø

cc. ($g - 0) + 0
R ~~Kg (l~~~Ag

2) / A g~~~CO8 6g

Xp~~~Ia
+ R O O s (Sg _ $ g)

- T + B sin (eg -

Th. final results obtained, and !~, give t~~ ‘ .1~. co~rdiv~t*e cf

th. ship at sea.

III . RMrM!t’I (~~ ~~ RANON AND BEARINCI

A. Range - To sol ve for the range betveen two ships, wit” their res-

pectius -valuns of end X~,, resIuiree only plans geonet~y.

Be~~~~~~~~
2 +~~~2)l/P

where: ~tX difference of the of the two ships poeiticcs,

IT - difference of the of the two ship. positions .

The range is in netere but can be converted to yards if so desired.

The inaccuracies of the range determined on U.TJ4. coordinates ii negligible

for most purposes (Iê parts in 3.0,000) .

B. Bearing - The bearing 1. obtaine d in the following zia.r :

Bearing - Arctan ~X
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There are tour classes in which the bear ing can fall.

1. B.ariag~~~Arctan~~~~i f A X~~~+, A T — + ,

2 • Besring A.retan + 90~ if ~~X - 4, ~~f r -

3. Bearing Arotan + 1800 if Ax — -, - -,

Ii .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - +.

tv. I8 BE ~~~~~~~ ~ o
The formu1a~ listed in the previous section have been progra~~rd for

the Bui’rougha 220 digital c~~~uter ‘
~~~~ s~com tiab rapi d data reduction. Using

a desk calculator several how’s ar e rea~Ure d to c~~~ute the rsr.~ge and bearing

betwen two ships. The Burroughs 2~O program can acconplish t1~e awe thing

in a few ecoude, and i~ therefore useful when a n~~~~r of these ranges or

bearings are required.

The progr am in detail for d.tez ain4’~g range and bearing can be found in

Appendix A and a flow chart of the program is shown in ?igure 2. The progrea

should be useful to other. working with the ewe or other LC MC installations.

Th. only additional data nesded in the latter case are the constants detar -

mined by the shore installation positions and the assigned L~~AC radio fre ~pancy.

(See paragraph 2, section it. )

The set of Red and Green lanes, frcu which the range and bear ing are to

be determined, are pimehed. ca paper tape in the following ~~aner :

Red Lane of Sow’oe (or Target) sam.sa

Gree n Lane of Sour ce ~or Target) bbb.bb

Red Lane of Receiver

Green Lane of Receiver bbb.bb



lotice that the lane counts are carried out to 2 &cine.l pla~ea. ~~e decimal

point is not punched onto the paper tape and is eho’~n above only for clarity.

A roll of paper taps may contain racy sets of lane counts . The c~~~utar pro..

gram int.rprsts the lane counts ir group. of four: i.e •, the first two as

the target ship lane count and the next two as the receiving ship lane count .

The bearing and rang., as determined by the conputer, are pr inted on

the flsxavriter on line with the Burroughs 220. The bearing in degrees and

range in yftrds are in floating point notation. As an illustration, the output

for lane counts of 354.36 (red) and 495.60 (green) for the target end 327.66

(red aM 396.08 (green) for the receiver would appear t�iua3..y:

Target

Red Lane. . . . . . . . 35436
Green Lane. . . . . . .49560
Receiver

Red L e .  . . . . . . . p766

Green Lane. . . . . . .39608

Trta LORAC Bearing. . .53234921.00

Rings in Tards. . . . .551.9589760

For those who are not f~~~1~iar with floating point notation , the first two

digits fron the left, denote the number of places to the right Of the suc-

ceeding digits, with 50 ae*z~l r ~g esro places , to put the decimal point . 7n

other words, 55149589760 i~ the awe as 19589.760.

Although the program is wr itten in the language of the Bur’ro~~~a ~~O,

there is no reason ‘why this awe program cannot be implemented for use on

any other digital caipzter such as the CDC 16014 or the WrVB unit-c~~~uter .

5
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The author is greatly indebted to C. A. Tapsll.s, Cods ~~43, C~~~ z t r

Branch, for the use of his e~b-rcutine programs incorporat.d into the final

range and bearing program.
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~ JRRW~~~ 220 PR00RAJ4 for ~~~~~ iuu.sG PAIGE A.E)

~~ARIBG fron LcI~AC ~~D AND GRW lAW

OC LTI nm~ u~rIcs ______________________

950 0 63141 59 147145 950-975 ap.oial fcr 8l’O

951 0 631659 451414

952 0 0053 41 5545

953 0 0000 00 0000 Insert R~d Lan.

954 0 4759 145 4555

955 0 0053 41 5545

956 0 0000 00 0000 insert Green Lane

957 0 59145 43 4549

958 0 6545 59 0000

959 0 0016 59 )&5414

960 0 0053 1e1 55145

961 0 0000 00 0000 Insert Red Lane

962 0 14739 45 4555

963 0 0053 415545

9614 0 0000 00 0000 Insert Green Lane

965 0 0000 00 0016

966 0 59145 53 4163

967 0 14965 45 0oZ12

968 0 1i~4~ 59 14955

969 0 14700 00 0000

Al
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970 0 0000 00 0000 Insert Bearing

971 0 5914155 4745

972 0 0049 55 0068

973 0 14159 44 6200

0 0000 00 0000 Inaert Rsnge

975 0 1616 16 163.6 Advance paper

976

977

978 30 0986 ~~
979 25 Constant

980 112 0979 L1~ Load B Register with 25

981 1 0000 10 0950 CAD

9~2 2 143 0000 tBA Load sigu with 2

983 1 0000 ~io 0950 S!tA~ Store

9814 1 21 0981 ~~B Decrease B register and recycle

985 30 1160 FiB To start of c~~~utsticns

986 10 1010 CAD Get lane count

967 loo o953 STA

988 1O 1O11 CAD

989 40 0956 STA

990 0 0070 09 0950 BPO Write on SF0

991 3O U18BtJI Read 2 lenee

992 10 1010 CAD

993 40 0961 8TA

9914 10 1010 CAD

995 bo o9614 sTA

_ _ _ _ _ _ _ __ _  
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996 3.0 103.2 CAD

997 140 1115

998 0 0090 09 0957 SF0 Write on SF0

999 30 1.020 F)?~ To conpute second set

1000 0 5665 53 68119 UD4 Eastthg of Master Xii

100]. 0 5739 48 2663 t !!M Northing of Nester ~m

1002 0 5090 00 6860 Angle of Gree n Lane into X-axia

1003 0 14~~2 90 7238 LA 2 + nunber of lane s in red base

10014 0 5528 yle 1878 Kr 1/2 red base length

1005 0 118114 58 0896 LA
8 

2 + number of lanes in green base

ioo6 0 55113 61 21485 K
8 1/2 green base length

1007 0 5317 95 2955 w w)g)e bet~’wen red end green baseline

1008 0 4862 10 8000 Sine n

1009 3. 5099 99 7000 Cos cn

1010 0 0000 00 0000 Red Lane

101]. 0 0000 00 0000 Green Lane

1012 01 0000 NOP

1013 0 5110 93 61u Con rersion of meters to yards

1014 0 5110 00 0000 Constant of 1

1015 0 0000 00 0000

1016 0 5257 29 5779 Radians to degrees

1017 0 0000 00 0002

1018 0 5290 00 0000 90 Degrees

1019 0 0000 00 0000

1020 10 1010 CAD Red lane

1021 141 1017 LDR Fixed to Floating point routine

A3 
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io~2 114 146~~ s~irp

1023 30 1460]. BUN

3.0214 214 1003 FMtT Floati ng multi ply by LAr
1025 40 2000 STA (L~.L A )  to (2000)

1026 10 10114 CAD 3.

1027 23 2000 FSU 1 - (L aA~)

1028 40 2000 STA

1029 3.0 1011 CAD Green Lane L

1030 141 1017 STF

103]. 114 Z&600 LDR

1032 30 4601 B~N

1033 214 1005 Th3 L
8~A

8
10311

1035 10 10114 CAD 1

1036 23 2003. FSU 1 - (L
8AA

8
)

1037 40 4ooi STA

1038 10 2000 CAD A

1039 214 2000 yg~ A 2

1040 Ie0 2O5O STA

10141 1C’ 3)114 CAD 3.

1042 23 2050 FSU 1 - A 2

1043 214 10011 FMTJ K~ (1 Ar
2)

1044 - 14o 2002 sTA

10115 10 2003. CAD

10116 211 2001 FMIJ *~2

10117 4o 2o5l sTA

ki -



-‘----~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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— 1048 10 10114. CAD 1

10149 23 2051 FSU 1 - A 2
g

1050 21I. 1006 ~ .iu ~c (i - A 2)
g g

1051 40 2003 STA

1052 1O 2002 CAD K (1-A 2
)

1053 25 2003 F~~ K: ~ - A
r
2
) + K

8 
(i A

5
2) ~

10514 14o 2004.STA

1055 23 1009 FSU K - Cos CD

1056 4o 2oo5 s~~

3.057 10 1008 CAt) Sine a~
1058 25 2005 FDV Sine czjK - cos ci, ~~~ 9

1059 2 145 000 0LR

1060 44 14360 STP Arotan routine

1061 30 14361 BUN

1062 4o 2006 sTA

1063 144 ~4O00 STP Sine routi ne

io614 30 4002 3DB

1065 40 2007 STA

i066 2 145 00CDCLR

1067 10 2004 CA!) K

1068 214 2001 FMU K

1069 23 2000 FSU K A - A
g r

1070 ko 2oo8 sTA

107). 2 li5 0000 CLR

1.072 10 2007 CAD Si.ne 0

A5
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1073 25 1008 YT~’ Sirs 0 / Sine ~

10711 214 2008 LW Cc. - 0)

44 1462o ~TP Aretan routin..

1076 30 1e621 3DB

1077 4o lot9 sTA

1078 10 3.01.8 CAD 90 Degrees

1079 25 101.6 FDV Radians

1080 2 145 0000 CLE

1081 23 1019 1St) Arcoos (o~ - 0)
1062 1 43 0000 LSA Make negati ve

1083 110 2009 STA

3.084 22 2006 TAD

3.085 I4O 2OIO STA

1086 44 4000 8T~ eoaine routine

.4 1087 
- 

30 4001 3DB

1088 4o 2ol2 8T&

1089 10 200]. CAD A8
1090 23 2012 YSU A

8 
- cos

1091 40 2013 8~A

1092 2 145 0000 CLR

1093 1O 2003 CAD K
8

(l~~~A
8
2)

3.094 25 2013 TTYV B in meters

1095 140 2014 8TA

1096 10 2010 CAD

1097 23 1002 ISO

1098 40 2015 STA

- - _ _ _ _ _ _ _ _ _ _ _ _  

________  _ _ _ _ _ _ _ _ _ _ ____________________ - -
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1099 44 4000 STP Sine routine

1100 30 4002 3DB

1101 0]. 0000 lOP

1102 leo 2ol7 sTA

1103 10 2015 CAD

11014 44 11000 STP Cosine routine

1105 30 40o1~~~~
u06 01 0000 lOP

1107 40 2018 8TA

uo8 211201.1e F?&J

1109 22 1000 1AD

1110 leo 2019 BT&

1111 10 2017 CA])

13.12 24 20111 LW

1113 22 3.001 FAD

11111 leO 2022 STA

3.115 30 0986 ~uw
1u6

1117

1118 - 0 1020 03 1010 ?I’R Bead 2 ~~re lanes

113.9 10 1139 CAD To m dif3r 1117

1120 l*0 1117 8TA

13.21 01 0000 W0~

1122 10 2019 0AD ReJ cate T2
1123 1,0 2020 STA

1124 10 2020 CAD Relocate T7



1125 40 2022 STA.

11.26 30 0992 BUN To caz~ ute Becocd set of points

3.127 10 2021. CAD Target

1128 23 2019 P8iJ Target zainus Receiver

1129 1 33 11514. BSA

1130 4o 2oe3 s2A

1131 10 2022 CAD Target

1132 23 2020 FSU Target zainus Receiver

1133 1 33 11146 BSA

11314 4o 2o2i~ sTA

1135 1414 3.200 STP To Bearing sub-routi ne

1136 30 3201 BtTN

1137 03. 0000 NOP

1138 30 11140 3DB

1139 30 1127 BUN No instruction

1140 0 0100 09 0966 SPO Write range and bearing

11141 10 1012 CAD

11142 4o 1117 sTA

11113 10 0978 CAD

1144 l,o u.15 8TA

30 1160 BUN

1146 43 0000 ISA Routi ne if 90 - 180 degrees

1147 4o 2o24.STA

1148 414 13.80 STP To beari ng routine

1149 3O U81BUN

1150 10 0970 CAD

A8

~~ 1 - 
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3 151 22 1018 FAD

1152 leo o97o sTA

1153 30 3.1I4O BDB

H 11514 143 0000 L8A

1155 4o 2o23 sTA

1156 10 2022 CAD Targe t

1157 30 1162 BUN

1158 0 5327 00 0000 27o degreea

1159 0 5318 00 0000 L80 degrees

1160 0 1020 03 1010 P~R Read 2 more lanes

1161 30 1020 BUN To start of progre~

1162 23 2020 1813

1163 133 1171BSA

1161,. 40 2021e STA

ii6~ 41i. 1180 STI’ To bearing routine

f 1166 30 1181. 3DB

1167 10 0970 CAD

u68 22 1158 FAD

1169 leo 0970 STA

1170 30 11140 BUN To print-out

11.71 113 000o LsA

1172 leo 2o24 sTA

1173 44 1200 STP To bearing routine

1.174 30 1201 BtJl

1175 3.0 0970 CAD

1176 22 1159 TAD

1177 leo o97o sm

£9
— -~~ 2. - —~~~ —- -
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1178 30 11140 BUN To print-out

1179

U8o 30 0000 BUN To re-ente r main prog raa

1183. 10 20214 CAD ax
25 2023 FD7 ax / AX

1183 44 4360 STP A.rctan routine

1181i. 30 43613DB

1185 4o 2o25 8TA

1186 24 1016 p~~~j

1187 leo 2026 8TA

1188 4o o97o s!1~&

1189 10 2025 CAD

1190 414 14000 STP To sine routi ne

119]. 3O lzOO2 BtJN

1192 40 2030 STA

1193 1.0 20214 CAD

11914 25 2030 ~DV Range in mater s

3.195 40 2o27 STA

1196 25 1013 PJW Range in yards

I . 1197 leo 2oe8 sTA

1.198 40 09711. STA

1199 30 1180 BU1 BX1T

1200 30 0000 BUN Re-entry to main progran

1201 10 2023 CAD

1202 25 2021, FDV

1203 44 11360 SW Arctan routine

-- 
----  -

~~~~~~ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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1201, 30 4361 BUN

1205 leo 2o25 sTa

1206 24 1016 Liii Beari ng in degree.

1207 leo 2026 STA

1208 leo o97o sTA

1209 10 2025 CA3)

1210 1~1, 1,000 STP To sine routine

1211 3OIOO2 BUI

1212 140 2030 8TA

1213 10 2023 CAD

1214 25 2030 FDV Range in maters

1215 140 2027 ST&

123.6 25 1013 FDV Range in yard s

123.7 1e0 2028 STA

123.8 140 09713 STA

1219 30 1200 BUN

All

- 
_ ____ . - - -~~ ~~~~~~~~~~~~~~ 
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