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PREFACE

This study was undertaken 1in order to provide an inexpensive,
interim solution to a very pressing problem with regard to direction
finding (DF) calculations confronting the divisional Combat Electronic
Warfare Intelligence (CEWI) Battalions and separate CEWI Companies.
During my tour as Commanding Officer, 522d CEWI Battalion, 2d Armored
Division, we were equipped with antiquated electronic warfare equipment
designed more for static situations than the modern mobile battlefield
which the Armored Division will surely face. As the only TOE authorized
CEWI Battalion, the 522d CEWI Battalion was logically selected to test
new electronic warfare systems. Unfortunately, the new systems, as
configured for our tests, did not meet tactical requirements for
survivability, reliability, and maintainability. Pending further
modifications before major systems procurement, many units will continue
to face the dilemma of antiquated equipment which predates on-board
integrated data processing equipment. Without data processing
assistance the tactical wunits will continue to make triangulation
calculations manually wutilizing the time consuming and inaccurate
technique of a map, protractor, magnetic board, and strings with
magnets, to determine the location of enemy emitters.

When afforded the time and access to the data processing expertise
of Captain Schonewetter, this problem became solvable. It is the aim of
this study to show that an effective interim solution does not have to

be large, expensive, air-conditioned, nor too complicated for the
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analyst to learn in one day. It must be emphasized from the start that
this is an interim solution. The handheld calculator 1s slow; the
calculation time to determine the eight-digit coordinates of three
intersecting lines is two-to-three minutes, four intersecting lines is
three~to-four minutes, and five 1intersecting 1lines 1is four-to-five
minutes. A well-trained analyst can determine the location that fast
with the string method, but not with accuracy or a mathematical

probability of accuracy. Also, the analyst must have the map and all

the support materials associated with it while the calculator method

requires none of the bulky support elements, not even the map, though it
may be desirable.

The data processing package (Texas Instruments Programmable 59
Calculator with Surveying Module = $250; Print/Security Cradle PC-100A
Electronic Printer = §$145) is inexpensive enough to be expendable, thus
reducing the burden of maintenance backup. It is also our hope that the
design of future data processing support packages for tactical units

will be influenced by this practical and inexpensive solution.




CHAPTER

The Eleectronitie
Dfreectdon Finding Problemn

at Division Level

Introduction

Based on my past experience as the G2 and later as the Commander,
522d CEWI Battalion, 2d Armored Division:
the Army does not have a survivable tactical
ground-based electronic direction finding capability
at division level, nor are we likely to achieve that
capability in the near future.
The above statement may come as a shock to some and an embarrassment to
others as it is often assumed that tactical ground-based electronic
direction finding equipment is available, because much of the current
literature dealing with Electronic Warfare does not define systems
limitations nor distinguish between ground-based and airborne systems,
nor specify from which echelon control will Le exercised. Figures 1 and

2 are from the US Army Electronic Warfare Concept, dated 6 Mar 78. The

charts are designed to portray OPTIONS, as is clearly stated.
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SECOND

FIRST ECHELON ECHELON

DISTANCE FROM 0-3 3-6 6-9 9-15 15-20 20-30 | 30-50 50-100 | 100-uP
FEBA (KM)
COMMAND AND JAM JAM/ JAM INTCP/ | INTCP/ | INTCP/ | INTCP INTCP | INTCP
CONTROL LOCATE | LOCATE | LOCATE | LOCATE | LOCATE
ROCKET & ARTILLERY| JAM JAM/ JAM LOCATE/ | LOCATE | LOCATE { LOCATE | LOCATE | LOCATE
AND ASSOCIATED TA LOCATE | LOCATE JAM
SURFACE/SURFACE LOCATE | LOCATE | LOCATE | LOCATE | LOCATE | LOCATE
MISSILES :
AIR DEFENSE JAM/ JAM JAM/ JAM LOCATE | LOCATE | LOCATE | LOCATE | LOCATE

LOCATE | LOCATE | LOCATE | LOCATE
INTELLIGENCE JAM JAM JAM JAM INTCP INTCP | INTCP INTCP | INTCP

LOCATE

JAMMERS LOCATE | LOCATE | LOCATE | LOCATE
ENGINEERS LOCATE | LOCATE | LOCATE | LOCATE | LOCATE | INTCP | INTCP INTCP | INTCP
CAS JAM JAM JAM JAM
COMMUNICATIONS
COMBAT SERVICE JAM JAM JAM JAM INTCP INTCP | INTCP INTCP | INTCP
SUPPORT

FIGURE 1. Example of electronie options against hostile communications while in the attack

NOTE: Theseoptions will change little during contact in either
the attack or the defense. The major changes arise
during preparations.

NON
COMMUNICATIONS
TARGETS

DISTANCE 0-3 3-6 6-9 9-15 15-20 20-30 30-50 50-UP

FROM FEBA (KM)

SURVEILLANCE JAM JAM JAM

AIR DEFENSE LOCATE/| LOCATE/| LOCATE/| LOCATE/| LOCATE/| LOCATE/| PRIMARY PRIMARY
JAM JAM JAM JAM JAM JAM AF RESP AF RESP

AAA LOCATE | LOCATE | LOCATE | LOCATE | LOCATE | LOCATE PRIMARY PRIMARY

AF RcSP AF RESP

COUNTERMORTAR |LOCATE/| LOCATE/| LOCATE/| LOCATE,

COUNTERBATTERY JAM JAM JAM JAM

NONCOMM LOCATE | LOCATE | LOCATE | LOCATE | LOCATE

JAMMERS

FIGURE 2

Example of electronic attack options against noncommunications svstems
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However, they, like many other ambiguous charts and statements, suggest
capabilities which simply do not exist at the order of magnitude implied
by the options matrix. My intent is not to criticize the EW Concept
Manual, but to point out a possible source of misperception to the
unsuspecting reader.

The direction finding (DF) problem is not unlike that facing the
tank gunner in combat; they must both operate in proximity to the enemy
to be effective, and there will be more than enough targets to engage.
Success for the tank gunner and the DF operator will be dependent on
rapid identification of targets, engagement, and moving on to the next

target.

The tactical ground-based electronic direction finding equipment
must have characteristics similar to other combtat vehicles operating on
or near the FEBA. DF vehicles must be hardened, mobile, technically
sound, and capable of operating on internal power for extended periods.
Additionally, DF equipment must have integrated data processing
components to perform the trigonometric calculations, display the target
coordinates and the mathematical probability of accuracy. These
capabilities are mot currently available in tactical ground-based DF
equipment, nor are they being developed 1in a tactically survivable
package.

The obvious question 1is: "why not?." My experience with DF
equipment currently found in the CEWI Battalion and with the field test
of one future system, indicates our design engineers have felt bigger

was better without understanding the fatal consequences of large




immobile items of equipment on/or near the FEBA. At the same time we,
the recipients of the end product, have failed to properly forewarn
contract designers of the inability of the divisional maintenance system
to repair in a timely manner, overly sophisticated, low-density items of
equipment.

Our equipment 1is becoming so sophisticated with excessive
technology that if we are not careful to configure the equipment first
to satisfy the tactical commanders needs, we will end up with equipment
that cannot be operated, maintained nor repaired by our soldiers in
combat. Those characteristics which must be met to satisfy the tactical
commanders needs are:

1) capable of mission accomplishment in a survivable configuration,

2) as mobile as the force which it is to support, to include the
ability to operate on the move,

3) maintainable by organic divisional maintenance assets, or
designed to wutilize expendable components which are readily
available at the battalion maintenance level.

We should not buy equipment designed for the division battle area which
is so complex that the expertise of Technical Representatives of the
manufacturer 1is required. Tech Reps will not be in the division battle
area. Soldiers will be the only ones operating, maintaining and
repairing equipment on the division battlefield, and if they cannot
operate, maintain and repair it quickly, there is no need to buy the
equipment  under the ultimately false, though well intended,

justification of combat need.




The Organizational and Procedural Problems

Today at the CEWI Battalion level any DF effort must be
provisionally organized, as the TOE does not provide an organizational
structure nor dedicate all the equipment necessary for DF operations.
Direction-finding operations require multiple lines of bearing to the
enemy emitter in order to compute the target location. By definition
two lines of bearing are a '"cut" and three lines of bearing are a
"fix." The current CEWI Battalion TOE does not provide enough equipment
in the Collection and Jamming Platoon for a concurrent DF fix (three
lines of bearing taken at the same time). Therefore, to organize a DF
operation requires task organizing the DF assets from at least two
platoons, as well as providing the task organization with a secure
"Flash Net," which includes secure radios and CEOI-related materials. A
Flash Net is required in order that a control authority (Platoon Leader
or Battalion Operations Center) can orchestrate the DF sites to the
right frequency at precisely the right time. See Figure 3. This is
necessary to insure that all DF sites are plotting lines of bearing to
the targetted emitter (and not one of its out-stations by accident), and
to insure maximum utilization of this scarce resource. The DF site,
like the tank crew, must rapidly identify, engage, and move on to the
next target.

Present and projected equipment, of both the DF site and Control
Authority, lacks adequate mobility, survivability, and technical
simplicity. This study presents an interim solution by which one of the

5




current problems of direction finding, the trigonometric calculations,
can easily be solved by use of the TI-59 programmable calculator. This
interim solution requires no increase in TOE personnel nor Service
School training requirement. The twelve ounce calculator or a series of
them might reasonably be considered as an acceptable substitute for the
vehicle-mounted, air conditioned, delicate computer which 1is projected

as a component of a future tactical system.

DF SITES @

CONTROL
FIGURE 3 AUTHORITY




The 1intermediate results of the DF operation are lines of bearing
(azimuths) to an enemy emitter from widely separated DF sites whose
exact locations are known to the control authority. The lines of
bearing are called to the control authority from the DF sites, and the
control authority determines the enemy emitter location by using a
protractor and pieces of string on a map board. The enemy emitter is
assumed to be at the point of intersection of the strings. This
technique is slow and accuracy is accidental. Weather, darkness--almost
anything--will detract from the accuracy of this method. The 1location
of the enemy emitter may also be determined by the use of trigonometry,
however, only a few analysts are able to wunderstand and retain the
techniques of pure mathematical determination beyond the exam at the
service school.

The final result of the DF operation should be an accurate location
of an enemy emitter which can be added to the Commander’s knowledge of
the enemy’s disposition and will hopefully lead to the destruction of
the enemy by friendly action. This is rarely accomplished due to a
combination of all the factors mentioned above, but most damaging to
credibility is the absence of a measure of accuracy in conjunction with
an eight~digit coordinate from which artillery can base a fire mission.
The purpose of this study is to provide a means by which this can be
accomplished in order to bridge the period from the current generation
of equipment to future systems which will have data processing equipment

integrated.




A PROPOSED INTERIM SOLUTION

It must be emphasized from the start that this proposed interim
solution does not correct any of the 1nherent inaccuracies of the

current generation of DF equipment. The proposed interim solution will

address only the data processing deficiency. This problem can be
partially corrected with the 1inexpensive Texas Instruments handheld ;

programmable calculator, TI-59, with the '"Surveying" solid state

software module, and the Texas Instruments Print / Security Cradle
PC-100A Electronic Printer as shown in Figure 4.

The TI-59 can perform all the calculations with or without the
printer. The obvious advantage is a written record of all the essential
information when utilizing the printer.

The data required for input to the TI-59 for calculation of the
enemy emitter is recorded on a worksheet (Figure 5). A blank worksheet
is provided as part of this study for 1local reproduction as an
authorized form.

The program for the TI-59, which is provided in its entirety in the 1
subsequent chapters of this study, provides for an input of not less
than two and not more than five lines of bearing from known DF sites.

The program will provide a display on the calculator of an eight-digit )
coordinate which represents the location of the enemy emitter. The
two-digit prefix, which 1is separated by a decimal point from the
eight-digit coordinate, represents the map sheet on which the
coordinates of the enemy emitter fall. One hundred (10x10‘ 100,000

8
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SINGLE TARGET
DIRECTION FINDING WORKSHEET

MAP - LETTERS <——— NUMBERS CONVERSION

INPUT

EAST - WEST NORTH - SOUTH
0112 (|3|4| 5|61 7| 81]%9® 0|12 |3]4}|5]6 8| 9
TARGET READING  # 112]3]4]5]]6]7 9 110 | REG
orp AZMUTH TO TARGET 18
M
L m;éas NUMBERS l COORDINATE L REG
l 19
—_——
TARGET READING  # 11234 5]61]7 9 | 10 | REG
ovP AZMUTH T¢ 20
AZMUTH TO TARGET
# MAP MAP
1 Ls%éns NUMBERS l COORDINATE i REG
21
T -
TARGET READING  # 112 (3|4 5]6]7 9 110 | Reg
—_—
[ AZMUTH TO TARGET 2
£ 3 rs"\rpréns Nowens | | COORDINATE | | rec
i ¥ 23
—_—
TARGET READING  # 1123|4567 9 |10 | REG
e 24
ovP AZMUTH TO TARGET
L ra':éks nﬁaBERS 1 COORDINATE l REG
25
- ——
TARGET READING  # 11213 ]4]l5]6]7 9 |10 | Reg
——
P AZMUTH TO TARGET 26
MAP
# 5 m:'éns NUMBERS COORDINATE | | rec
| | Vi T .
RESULTS FROM CALCULATOR
TARGET MAP TANDARD
READING * ¢ LETTeRs or- | COORDINATE AT 4
L
2
3
4
5
6
7
8
9
10
REG # 39 REG # 38
FIGURE 5
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SEVRNEY

" described 1in Chapter 4. The TI-59 can be operated on rechargable

meter square grid zones, which are 1identified by two alphabetical

letters, can be accomodated in the area of operations on the worksheet
and in the program. Another display will give a number which represents
the mathematical probability of accuracy with zero being perfect and

anything over 150 suspect.

AN OPERATIONAL CONCEPT

The control authority (Platoon Leader) would establish a baseline
with sufficient distance to allow for accurate calculations to the enemy
emitters. Ideally, the baseline should be equal to or greater than the
expected distance to the enemy emitter. The control authority must be
positioned so as to have good communications with all DF sites via the
Flash Net. An alternate means of communications other than the Flash
Net is also desirable.

The control authority (Platoon Leader) may be backed up by the
Battalion Operations Center, which 1is also known as the Technical
Control and Analysis Center (TCAC). 1In a mobile situation, the platoon

leader and his analyst could wuse the TI-59 without the printer as

batteries, however, the calculations required for the DF problem drain

the power rapidly. The recharge unit can easily be adapted to provide f
power from the Platoon Leader’s vehicle. The Battalion Operations
Center which has available a constant power supply would utilize the

11
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TI-59 with printer as described in Chapter 3. Permanent records on each
enemy emitter obtained from the printer would have obvious analytical
uses.

Prior to deployment the Platoon Leader would determine the
anticipated area of operations and record the map sheet identification
letters on the worksheet. Once the baseline and Flash Net were
established, the Platoon Leader would then record the location of the DF
sites on the worksheet and enter them into the calculator. As the
operation progressed and the DF sites began providing lines of bearing
(azimuths) to the enemy emitter, the appropriate entries would be made
on the worksheet and entered into the calculator. Since a number of
lines of bearing will be taken by the DF site before moving, once the
site locations are entered into the calculator they will remain in
memory until altered. This speeds the operation since only new azimuths
are required for calculation. The results are passed to the next higher
authority and/or direct to artillery, depending on the nature of the DF
operation.

Utilizing the TI-59 could, with practice, enable the Platoon Leader
or Battalion Operations Center to analyze the lines of bearing being
sent by the DF sites to determine if any one of the DF sites has an
obvious equipment malfunction.

A current disadvantage to the system proposed in this study is the
calculator utilizes the "Surveying" module and inputs a new program into
it via program strips. The calculator must be re-programmed each time
it 1loses power either by choice or chance. The re-programming takes
only 30-45 seconds, but a special module with the DF program printed in

12




it would eliminate this deficiency. A test of an artillery-related
module for the TI-59 is currently being conducted at Ft. Hood. This
study has been sent to TRADOC Combined Arms Test Activity (TCATA) for

consideration for future test modules.
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Chapter 2

TILS59 Target Locatokr Systen

Programnm Storage Guide

INTRODUCTTION

There are two (2) ways to enter this program into the TI59 programmable
calculator. The first method consists of manually entering the program
via the calculator keyboard. The other method utilizes the magnetic
cards and is discussed in great detail in the user’s guide for this
system. If you do not possess magnetic cards with the program already
on them, you will need to enter the program using the manual method and
then store it on the magnetic cards. Once this process has been
completed the program may be entered from the cards, which because of
the 1length of the program 1is the preferred method. The process of
entering the program and storing it on cards 1is summarized throughout

the rest of this guide.

14




PROGRAMNM ENTRY

In order to enter this program into the calculator you are strongly
encouraged to familiarize yourself with the "programming considerations"

chapter of the Personal Programming Manual (the owner’s manual) supplied

by Texas Instruments along with the calculator.

Program Listing

The first step will be to examine the program listing of the TI59 Target
Locator System on pages 18 to 24. As you look at this listing you will
see three (3) columns of information. The first column contains the
three (3) digit program location. The second column contains the
two (2) digit key code for the contents of that memory location. The
third column contains the key symbol for that memory location. The key
code and the key symbol both represent a key on the keyboard. The key
code uses its first digit to specify which row the key 1is in and the
second digit represents the specific key, counting from top to bottom
and left to right. This is explained in detail in the TI-59 Owner’s
Manual .

Program Entry

Now that you have carefully read the TI Owner’s Manual you are ready to

enter the program.

A. Power on the TI59 calculator.

action Power on TI59 calculator.
result 0 appears on calculator display.
15




0 | | | | | 1 ! )

B.

FIGURE 2. Example of electronie attack options against noncommunications systems

Position program memory.
action Press 4 “ 2nd 3 Op s 1 , and then
7 .

result 639.139 appears on the display.

Enter the 640 program storage locations as listed on pages 18 to 24.
action Press CLR b 2nd » Cp , LRN .

result 000 00 appears on the display.

* k kx kx k x *x %k Xk %

action Enter keystroke.
result Next memory location number and 00 will be

displayed. Repeat action until program is entered.

* kx k% % k %k X kx % %

action Press LRN .

result 0 appears on the display.

Checking and correcting entries.

action Press GTO s it , where it is a three (3)
digit number that is the memory location you would like to
check.

result 0 appears on the display

* k k %k Xk &k kx k k %

action Press LRN .

result Three (3) digit memory location and two (2) digit key code

16




action

result

action

result

action

result

of the contents of that location will appear.

* % k x k *x % kx % %

If the key code is incorrect, enter the correct keystroke.

Next memory location number and its key code is displayed.

* k% %X k k * % % % %

Press SST or BST .
The memory location after or before the current memory

location will be displayed.

* % k k X %X k% % %k %

Press LRN .

0 appears on the display.

It cannot be overemphasized that the material presented above is a gross

overview of

the material in the owner’s manual. In order to

successfully enter a program you must be familiar with the information

presented in the manual.

17
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PROGRAM STORAGE LOCATION LISTING
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PROGRAM STORAGE

Now that the system is loaded into the calculator it must be stored on
magnetic cards. Once again the owner’s manual must be referred to for
complete understanding of this process. The steps shown below summarize

the actions necessary to produce the cards.

action Press CLR » 1 > 2nd ’ Write , and then
enter card 1 into the slot on the right side of the
calculator.

result 1 appears on the display (if a blinking number appears

repeat the action).

k k k k k k k k k x

action Press CLR 3 2 - 2nd s Write ,» and then
enter card 2 into the slot on the right side of the
calculator.

result . appears on the display (if a blinking number appears

repeat the action).

* % % % * % %x % % %

action Press CLR $ 3 ’ 2nd ’ Write , and then
enter card 3 into the slot on the right side of the
calculator.

result 3 appears on the display (if a blinking number appears

repeat the action).
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* k k k k k k % k %

action Press CLR a 4 > 2nd 3 Write , and then
enter card 4 into the slot on the right side of the
calculator.

result 4 appears on the display (if a blinking numbers appears

repeat the action).

The program has now been stored on magnetic cards and you are ready to

use the system user’s guides.




Chapter 3

TEI59 Target Locator Systen

User s Guide With Printer

INTRODUCTTION

This user’s guide will enable you to effectively utilize the TIS59 Target

Locator System.

Assumptions about you and the equipment, which are critical to the

successful operation of the system, are listed below:

l. The Texas Instruments TI Programmable 59 calculator with the
Texas instruments Print/Security Cradle PC-100A (electronic printer)

as shown in Figure 6 is being used.

2. The TI programmable calculator has the "SURVEYING" Solid State
Software Module mounted in the module compartment on the lower back

of the calculator.

3. You have thoroughly familiarized yourself with the operation of
the calculator and printer through the use of Texas Instruments

manuals and actual use of the equipment.
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4. The Target Locator worksheet, designed specifically for thi.

system, will be used in addition to the calculator and printer.

5. There will always be no fewer than two (2) OP locations (by
coordinates) and azimuths nor more than five (5) OP locations and

azimuths for each calculation attempted by the system.

6. You are aware that when the area of operations crosses a six (6)
by eight (8) or six (6) by twelve (12) degree =zone boundary that
differences due to the Universal Transverse Mercator (UTM) Grid
system will cause various amounts of error to occur. The magnitude
of this error will be a function of the latitude of the area of
operations. This system, due to a shortage of programmable memory,
makes no allowances for a zone boundary crossing. TM 5-241-2 may be
used to accomplish this manually. Future expansion of the memory
available in the TI-59 may allow for these calculations to be

accomplished in the program as is currently done in TACFIRE.

7. The program does not consider differences in altitude between
the DF sites and the enemy emitter. This must be accomplished by

Artillery prior to fire missions.

This guide 1is composed of four (4) major sections: The first section
describes the worksheet and how it is used. The second section covers
the loading of the program into the calculator from magnetic cards. The
third section details the use of the calculator program to calculate an
approximate target location. The last section delineates the forty (40)
data registers in the calculator used by the program.
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US E 0O F THE WORKSHEET

I. Pre-program worksheet posting.

A. Map selection. Select extreme south-west 100,000-meter square to be
used. This square must be the south-west corner of a 1000 km square
that encompasses the expected area of operations.

B. Fill in EAST WEST chart. See Figure 7. Place the
first 100,000-meter square identification letter of the selected square
in the block below the zero (0) in the chart labeled "EAST-WEST", then
fill in the rest of the chart with the next nine (9) identification
letters (e.g. 1if T were placed in row zero (0) then use U, V, W, X, Y,

Z, A, B, and C to fill in the other rows).

C. Fill in NORTH SOUTH  chart. See Figure 7. Place the
second 100,000-meter square identification letter of the selected map in
the block below the zero (0) in the chart labeled "NORTH-SOUTH", then
fill in the rest of the chart with the next nine (9) identification

letters (e.g. if L was placed in row zero (0) then use M, N, P, Q, R, S,

T, U, and V to fill in the other rows).




SINGLE TARGET
DIRECTION FINDING WORKSHEET

MAP - LETTERS «—— NUMBERS CONVERSION

INPUT

EAST - WEST NORTH - SOUTH
3
%
—
TARGET READING
P E—
AZMUTH TO TARGET
# 2 MAP MAP
e NUMBERS - COORDINATE } | rec
21
—_—
TARGET READING # 1 213 4 5 [-) 7|8 9110 REG
——
oP AZMUTH TO TARGET 22
™ MAP
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6
7
8
9
10
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FIGURE 7
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D. Post the Observation Post coordinates. See Figure 8. For each
Observation Post (OP), in any order, place the appropriate 100,000-meter
identification letters in the blocks titled '"MAP LETTERS" and the
eight (8) digit coordinate in the blocks titled "COORDINATE" (e.g.

YN04006195, YP70052595, XN40020598, XN82022798, and YN38059195).

32




SINGLE TARGET
DIRECTION FINDING WORKSHEET
INPUT
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19
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5
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E. Post the MAP NUMBERS. See Figure 9. Using the "EAST-WEST" and
"NORTH-SOUTH" charts, convert the MAP LETTERS into MAP NUMBERS and place
these numbers in the blocks titled "MAP NUMBERS" (e.g. YN: Y, using the
"EAST-WEST" chart, becomes 5; N, using the  "NORTH-SOUTH" chart,

becomes 2).
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SINGLE TARGET
DIRECTION FINDING WORKSHEET
INPUT
MAP - LETTERS =——— NUMBERS CONVERSION
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. Post the OP azimuths. See Figure 10. Gather the azimuths from the

OP‘s and enter them in the "AZIMUTH TO TARGET" row in the next available
"TARGET READING #" column (e.g. OP # 1 azimuth is 330 degrees, enter 330

in the appropriate block).
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SINGLE TARGET
DIRECTION FINDING WORKSHEET
INPUT
MAP - LETTERS «— NUMBERS CONVERSION
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II. Posting calculated results from the program.

A. Posting the calculated target location. See Figure 11. Enter the
calculated target location in the "RESULTS FROM CALCULATOR" chart in the
columns labeled '"MAP NUMBERS" and  '"COORDINATE." Using  the
two (2) 100,000-meter square identification charts convert the MAP
NUMBERS into MAP LETTERS and enter them in the column labeled '"MAP
LETTERS" (e.g. 43: 4, using the "EAST WEST" chart, becomes X; 3, using
the 'NORTH SOUTH" chart, becomes P). Note that leading and trailing
zeroes (0) are not printed. Therefore, a coordinate like 5.378554 will
be treated as 05.37855400. Remember, there will always be two (2)
digits to the left of the decimal point and eight (8) digits to the

right in a valid coordinate.

B. Posting the standard deviation of the calculated target location.
See Figure 1l. Enter the standard deviation on the worksheet from the
calculator display or from register 38 on the paper tape listing in the
columns titled "STANDARD DEVIATION" (Note that when only one target
location 1is calculated, the standard deviation will be shown as
-1. , which is done to show that there 1is no valid standard
deviation). The accuracy of the azimuths becomes more questionable as

the standard deviation goes up.
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A.

PROGRAM SET U P ]

Power on TI59 Calculator.

action

result

Power on TI59 calculator.

0 appears on caculator display.

Load program into calculator.

action

result

action

result

action

result

action

Press 4 - 2nd 4 op . 1 5 and
then 7 .

639. 39 appears on the display.

X % k k k k k k % %

Press CLR 5 INV b 2nd ’ Write , and

then enter card | into the slot on the right of the TI59.
1 appears on the display (if blinking 1

or 0 repeat the action).

% %k k k k %k %k % %

Press CLR # INV ’ 2nd ’ Write , and
then enter card 2 into the slot on the right of the TI59.
2 appears on the display (if blinking 2

or 0 repeat the action).

* k% k% % %k k %k %k Xk X

Press CLR % INV y 2nd ’ Write , and

then enter card 3 into the slot on the right of the TIS59.
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A.

result 3 appears on the display (if blinking 3

or 0 repeat the action).

* k k x k% kX x x k %

action Press CLR 3 INV - 2nd “ Write , and
then enter card 4 into the slot on the right of the TIS59.
result 4 appears on the display (if blinking 4

or 0 repeat the action).

PROGRAM USE

Initial data input

action Press A N

rasult -18. displayed on the calculator (18 represents the
data register used to hold azimuth number 1. See the
right column of the "INPUT" portion of the worksheet or
the last section of this guide for the register numbers of

the azimuths.

* k& k kx k k %k k * %

action Enter azimuth for OP number 1 (use a positive number
between 0.0 and 360.0) and then press the R/S

button. If there is no azimuth for that OP, press
1 , then press +/= and then press R/S *
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result OP number 1 azimuth entered, -19. displayed on the

calculator.

* k kX x x x x x % X

action Enter coordinate for OP number 1 (use a positive number
between 00.00000000 and 99.99999999) and then press
R/S . If there is no coordinate for that OP, press
1 , then press +/- and then press R/S
(note that coordinate register numbers are listed in the
far right column of the "INPUT" portion of the worksheet
and in the last section of this guide).
result OP number 1 coordinate entered, -20. displayed on

the calculator.

* %k x % kx k% kx % % %

action Using the procedures outlined in the two (2) previous
"actions", enter the remaining four (4) OP azimuths and
coordinates.

result All initial azimuths and coordinates are entered and a

zero (0) will appear on the calculator display.

B. Later data 1input. After initial data input to the system, the OP
coordinates will be relatively stable. Changes will encompass azimuth
refinements, new target acquisition azimuths, and possibly an occasional
OP coordinate change. Use of the syste; during this phase is covered
below.
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action

result

action

result

Press A .

-18. displayed on calculator.

* k k k % k k kx % %

If the register number displayed on the calculator is one
that is to be changed, enter the new value, and then press
R/S . If there 1is no azimuth or coordinate to be
entered (e.g. no sighting from an OP, or dropping a
particular OP during its relocation, etc.), press 1 s
then press +/- , and then press R/S . If the
current register is not to be changed, simply press
R/S . After the last change has been entered and the
R/S pressed, press CLR y
0 is displayed on the calculator and all data registers

contain new data.

Target calculation.

action

result

Press c .

A paper tape listing of data registers 18 through 39 will
be listed on the printer. Check registers 18, 20, 22, 24,
and 26 for the OP azimuths and registers 19, 21, 23, 25,
and 27 for the OP coordinates (remember that leading and
trailing zeroes (0) will not be printed, so treat a

coordinate like 3.7654789 as 03.76547890). See Figure 12

for a sample listing.
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action

result

action

result

k& k& & k k &k &k &k %

If an error on one or more azimuths or coordinates has
occurred, press A « When the display contains the

register number of an error, then enter the correct value

and press R/S . If the register number is not that
of an error, press R/S and move to the next
register. Repeat this process until all errors are

corrected. After the last error has been corrected and
the R/S has been pressed, press CLR . Now go
back to the previous action, press G , and recheck
the registers.

All azimuths and coordinates have been entered.

x k% Kk %k ok x Xk Xk Xk %

Press B (this step may take as long as 5.5 minutes).
The calculated target location will be displayed on the
calculator (remember that leading and trailing zeroes (0)
are not printed, so treat a coordinate like 7.975313
as 07.97531300). While the calculation is taking place
the printer will periodically print the north coordinate
of the intermediate target locations. This {s a function
of the "SURVEYING" Solid State Software Module that {s

being used by the system, and cannot be avoided.

k k ok ok k Kk k& k & &
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action

result

action

result

Press C .

The printer will list registers 18 through 39.
Registers 18 through 27 contain initial data, 28
through 37 contain calculated target locations (-1
indicates that no calculation was performed), 38 contains
the standard deviation of the calculated target location,
and 39 contains the approximate target location (remember
that leading and trailing zeroes (0) will not be printed,
so treat a coordinate like 6.2468543 as 06.24685430). The

standard deviation will be displayed on the calculator.

*********‘*

To return the calculated target coordinate to the
calculator display, press X><T .

Calculated target location displayed on the calculator.
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DATA REGISTERS

This system uses forty (40) of the available data registers on the TIS59

calculator. The registers and their contents are listed below:

REGISTER CONTENTS

00 - 17 working storage

18 azimuth for OP number 1

19 coordinate for OP number 1

20 azimuth for OP number 2

21 coordinate for OP number 2

22 azimuth for OP number 3

23 coordinate for OP number 3

24 azimuth for OP number 4

25 coordinate for OP number 4

26 azimuth for OP number 5

27 coordinate for OP number 5

28 calculated target location using OP 2 & 1
29 calculated target location using OP 3 & 1
30 calculated target location using OP 3 & 2
31 calculated target location using OP 4 & 1
32 calculated target location using OF 4 & 2
33 calculated target location using OP 4 & 3
34 calculated target location using OP 5 & 1
35 calculated target location using OP 5 & 2
36 calculated target location using OP 5 & 3
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37 calculated target location using OP 5 & 4

38 standard deviation of calculated target location

39 calculated target location
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Chapter 4

TI159 Target Locator Systenm

User s Guide Without Printer

INTRODUCTTION

This user’s guide will enable you to effectively utilize the TI59 Target

Locator System.

Assumptions about you and the calculator, which are critical to the

successful operation of the system, are listed below:

l. The Texas Instruments TI Programmable 59 calculator as shown in

Figure 13 is being used.

2. The TI Programmable calculator has the "SURVEYING" Solid State
Software Module mounted in the module compartment on the lower back

of the calculator.

3. You have thoroughly familiarized yourself with the operation of
the calculator through the use of Texas Instruments manuals and

actual use of the calculator.
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4. The Target Locator worksheet, designed specifically for this

system, will be used in addition to the calculator and printer.

5. There will always be not less than two (2) OP coordinates and
azimuths nor more than five (5) OP coordinates and azimuths for each

calculation attempted by the system.

6. You are aware that when the area of operations crosses a six (6)
by eight (8) or six (6) by twelve (12) degree zone boundary that
differences due to the Universal Transverse Mercator (UTM) Grid
system will cause various amounts of error to occur. The magnitude
of this error will be a function of the latitude of the area of
operations. This system makes no allowances for a zone boundary

crossing.

This guide is composed of four k&) major sections. The first section
describes the worksheet and how it is used. The second section covers
the loading of the program into the calculator from magnetic cards. The
third section details the use of the calculator program to calculate an
approximate target location. The last section delineates the forty (40)

data registers in the calculator used by the program.
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USE OF THE WORKSHEET

I. Pre-program worksheet posting.

A. Map selection. Select extreme south-west 100,000-meter square to be
used. This square must be the south-west corner of a 1000 km square

that encompasses the expected area of operations.

B. Fill in EAST WEST chart. See Figure 1l4. Place the
first 100,000-meter square identification letter of the selected square
in the block below the zero (0) in the chart labeled "EAST-WEST", then
fill in the rest of the chart with the next nine (9) identification
letters (e.g. if T were placed in row zero (0) then use U, V, W, X, Y,

Z, A, B, and C to fill in the other rows).

C. Fill in NORTH SOUTH chart. See Figure 14. Place the
second 100,000-meter square identification letter of the selected map in
the block below the zero (0) in the chart 1labeled "NORTH-SOUTH", then
fill in the rest of the chart with the next nine (9) identification
letters (e.g. if L was placed in row zero (0) then use M, N, P, Q, R, S,

T, U, and V to fill in the other rows).
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SINGLE TARGET
DIRECTION FINDING WORKSHEET
INPUT
MAP - LETTERS =<— NUMBERS CONVERSION
EAST - WEST NORTH - SOUTH
0l 2 3 5 6 71 81| 9 0 | 23] 4 5 6718 14
¥ Y IW X Z BiCcl [LIMINIPIFIRISITIUIY

TARGET READING  # 11213t 41 546171819110 1ReC #
o p AZMUTH TO TARGET s = 8
+ 1 MaP MAP COORDINATE = =

Lsrxéns { numBErs ‘ il = ==
l = 19

—_—— 5

TARGET READING  # 1123 |4 s5|6]7]8[9]10][REG #
ovr AZMUTH TO TARGET 20
ey rsﬁ??éns mfens l COORDINATE REG #

21

o

TARGET READING  # 112 |34 5]6[7]8|[9]10]|Reg #

——
or AZMUTH TO TARGET 2
el AR ths Nomsens | § COORDINATE | |rec #

I 23

—

TARGET READING  # 1234|5678 ]|9]10]|REG #
op AZMUTH TO TARGET -
. rc‘}PgRs Nomaers | | COORDINATE J REG #

25

——

TARGET READING  # 1123 |a|5|6]7]8]9]|10]|Reg #
o P AZMUTH TO TARGET 26
F e LerreRs NUMBERS COORDINATE REG #

I | .. il
RESULTS FROM CALCULATOR
REABING * | :AEAT:E‘RS NOMBERS 1 COORDINATE l l BEVIATION l
1
2
3
4
5
6
7
8
9
10
REG # 39 REG # 38
FIGURE 14
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D. Post the Observation Post coordinates. See Figure 15. For each

Observation Post (OP), in any order, place the appropriate 100,000-meter
identification letters in the blocks titled "MAP LETTERS" and the
eight (8) digit coordinate in the blocks titled '"COORDINATE" (e.g.

YNO4006195, YP70052595, XN40020598, XN82022798, and YN38059195).
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SINGLE TARGET
DIRECTION FINDING WORKSHEET
INPUT
MAP - LETTERS =—— NUMBERS CONVERSION
EAST - WEST NORTH - SOUTH
0142313145161 718189 0 {12314 5}617181°%9
X W R L IMIN R TIiViY
TARGET READING  # 1{213talstiefzigfefio]re
oFP AZMUTH TO TARGET 18
# 1 LeTTERS NUMBERS l COORDINATE 1 REG
YIN oMlololglildls] ™
TARGET READING # 1§ 21314 5{617}8 |9 }]10 {REG
or AZMUTH TO TARGET 2
g s r:ﬁéns NUMBERS COORDINATE l REG
2t
N L. 7.0 5129599
TARGET READING £ 1{2(3}afsj{e}7]/8]9|{10]nes
—_—e
o P AZMUTH TO TARGET 2
£ 3 rsﬁ'?réas xﬁ\; ERS l COORDINATE 1 REG
‘ AIN LUl 2 _Q_j_; Rl =
——
TARGET READING  # 1{2}3{4}s5i{6}{7]8]9}10}REG
e =
o P AZMUTH TO TARGET
# 4 reﬁpéns tens | 4 COORDINATE l REG
xIN Sl2lol2l2(7/Ala] =
TARGET READING 4 1}12]3jals5}{6]7]8}|9}!10]rec
—————
o P AZMUTH TO TARGET 26
. 5 rsAr;éns NUMBERS l COORDINATE | | REG
" YN | 13k/ojsi9f)19ls} Z
= - RESULTS FROM CALCULATOR
1
2
3
4
5
6
7
8
9
10
REG # 39 REG # 38
FIGURE 15
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E. Post the MAP NUMBERS. See Figure 16. Using the "EAST-WEST" and
"NORTH-SOUTH" charts, convert the MAP LETTERS into MAP NUMBERS and place
b these numbers in the blocks titled "MAP NUMBERS" (e.g. YN: Y, using the
"EAST-WEST" chart, becomes 5; N, using the "NORTH-SOUTH" chart,

becomes 2). }
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SINGLE TARGET
DIRECTION FINDING WORKSHEET

INPUT
MAP - LETTERS «<—= NUMBERS CONVERSION
NORTH - SOUTH
oji1}2 EESSRIE
TIVIV L IMIN[P
t1213fa

or AZMUTH TO TARGET
[
P | AZMUTHTO
t o2
o P AZMUOTHTO TARGET
'3
— =
TARGET READING
oFP AZMUTH TO TARGET
¥ 4 ——— MAP
== NUMBERS
= i18
RE; 1| 2
P — AZMUTH TO TARGET
P —— MAP 5 :
NUMBERS -
SULTS FROM CALCULATOR
READING | COORDINATE
1
2
3
4
5
6
7
8
9
10
REG # 39

FIGURs 10




F. Post the OP azimuths. See Figure 17. Gather the azimuths from the
OP‘s and enter them in the "AZIMUTH TO TARGET" row in the next available
"TARGET READING #" column (e.g. OP # 1 azimuth is 330 degrees, enter 330

in the appropriate block).

58




SINGLE TARGET
DIRECTION FINDING WORKSHEET

INPUT
MAP - LETTERS =—— NUMBERS CONVERSION
EAST - WEST NORTH - SOUTH
o]v|12[3]4]5|6] 7]8]¢9 oJr1v]|2|3|4a]5]6]|7|[8]°9
HYIWIXIYIZIAIBIC MINPIGIRISITIVIY
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—— -
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~TYINT {S] 1010101614 5. "
—_—
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i AZMUTH TO TARGET 1&33, = a
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—— i¥ip SIS lo[0[S[2[5M@[5]
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==CSiJS=ET 410101210 = 23
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== = 24
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= _ IXINT T9123R o221 2
TARGET READING  # 123 ]|a|5]|6]7]8]9]10]|Rres
o P AZMUTHTO TARGET — i
£ B —— s Numseas | | COORDINATE } |Rec
= N 27
RESULTS FROM CALCULATOR
READING # | ek Noweers | | COORDINATE | } SEvIATION,
1
2
3
4
5
6
7
8
9
10
REG # 39 REG # 38

FIGURE 17




II. Posting calculated results from the program.

A. Posting the calculated target location. See Figure 18. Enter the
calculated target location in the "RESULTS FROM CALCULATOR" chart in the
columns labeled '"MAP NUMBERS" and  '"'COORDINATE." Using  the
two (2) 100,000-meter square identification charts convert the MAP
NUMBERS into MAP LETTERS and enter them in the column labeled '"MAP
LETTERS" (e.g. 43: 4, wusing the "EAST WEST" chart, becomes X; 3, using
the "NORTH SOUTH" chart, becomes P). Note that leading and trailing
zeroes (0) are not printed. Therefore, a coordinate like 5.378554 will
be treated as 05.37855400. Remember, there will always be two (2)
digits to the left of the decimal point and eight (8) digits to the

right in a valid coordinate.

B. Posting the standard deviation of the calculated target location.

See Figure 18. Enter the standard deviation on the worksheet from the
calculator display or from register 38 in the columns titled 'STANDARD
DEVIATION" (Note that when only one target location is calculated, the
standard deviation will be shown as -1. , which 1is done to show
that there 1is no valid standard deviation). The accuracy of the

azimuths becomes more questionable as the standard deviation goes up.
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SINGLE TARGET
DIRECTION FINDING WORKSHEET
INPUT
MAP - LETTERS =—— NUMBERS CONVERSION
EAST - WEST NORTH - SOUTH
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B.

PROGRAM SET up

Power on TI59 Calculator.

action

result

Power on TI59 calculator.

0 appears on caculator display.

Load program into calculator.

action

result

action

result

action

result

action

Press 4 3 2nd % Op 5 1 " and
then 7 o

639. 39 appears on the display.

x k k k k % k x % %

Press CLR - INV » 2nd 3 Write , and
then enter card 1 into the slot on the right of the TIS9.
1 appears on the display (if blinking 1

or 0 repeat the action).

% % % k k % % % %

Press CLR 5 INV ’ 2nd 5 Write , and
then enter card 2 into the slot on the right of the TIS59.
2 appears on the display (if blinking 2

or 0 repeat the action).

% k& k Xk k %k k Xk X

Press CLR 3 INV s 2nd ¥ Write , and

then enter card 3 into the slot on the right of the TIS9.
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result

action

result

3 appears on the display (if blinking 3

or 0 repeat the action).

* k Kk Kk k kX Xk k Xk X

Press CLR . INV s 2nd ’ Write ,» and

then enter card 4 into the slot on the right of the TIS59.

4 appears on the display (if blinking 4
or 0 repeat the action).
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action

result

action

result

action

PROGRAM USE

A. Initial data input

Press A .

-18. displayed on the calculator (18 represents the
data register used to hold azimuth number 1. See the
right column of the "INPUT" portion of the worksheet or
the last section of this guide for the register numbers of

the azimuths.

* %k % % %k k kx % % %

Enter azimuth for OP number ] (use a positive number
between 0.0 and 360.0) and then press the R/S

button. If there is no azimuth for that OP, press

1 , then press +/- and then press R/S &
OP number 1 azimuth entered, -19. displayed on the
calculator.

k k %k k k k %k %k %k %

Enter coordinate for OP number 1 (use a positive number
between 00.00000000 and 99.99999999) and then press
R/S « If there is no coordinate for that OP, press
1 , then press +/- and then press R/S
(note that coordinate register numbers are listed in the
far right column of the "INPUT" portion of the worksheet
and in the last section of this guide).
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result OP number 1 coordinate entered, -20. displayed on

the calculator.

* k% % x x %k k *x k %

action Using the procedures outlined in the two (2) previous
"actions", enter the remaining four (4) OP azimuths and
coordinates.

result All initial azimuths and coordinates are entered and a

zero (0) will appear on the calculator display.

B. Later data input. After initial data input to the system, the OP
coordinates will be relatively stable. Changes will encompass azimuth
refinements, new target acquisition azimuths, and possibly an occasional

OP coordinate change. Use of the system during this phase is covered

below.
action Press A .
result -18. displayed on calculator.
* k k k k k k %k x %
action If the register number displayed on the calculator is one

that is to be changed, enter the new value, and then press

R/S . If theré is no azimuth or coordinate to be
entered (e.g. no sighting from an OP, or dropping a
particular OP during its relocation, etc.), press 1 ’
then press +/- , and then press R/S .« 1If the
current register is not to be changed, simply press
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R/S . After the last change has been entered and the
R/S pressed, press CLR o
result 0 is displayed on the calculator and all data registers

contain new data.

C. Target calculation.
action Press CLR 5 RCL s ## (where ## is a number
between 18 and 27). Check registers 18 through 27 to
insure that the coordinates and azimuths were correctly

* entered.

result The contents of the specified register (## - see the data
registers section of this guide for register contents)
will be displayed on the calculator. Remember that
leading and trailing zeroes (0) will not be printed, so

treat a coordinate like 3.7654789 as 03.76547890.

 k %k % % % * % % %

action If an error on one or more azimuths or coordinates has
occurred, press A « When the display contains the
register number of an error, then enter the correct value
and press R/S « If the register number is not that

of an error, press R/S and move to the next

register. Repeat this process until all errors are
corrected. After the last error has been corrected and
the R/S has been pressed, press CLR . Now go
back to the previous action and recheck the registers.
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result

i action

result

action

result

action

result

All azimuths and coordinates have been entered.

* k k k x k x x % %

Press B

The calculated target location will be displayed

calculator

are not printed, so treat

as 07.97531300).

%k k% % k X kx x % %

Press C .
The standard deviation will be

calculator.

* % % * k * kx X % %

To return the calculated target

calculator display, press X><T

a coordinate

displayed

coordinate

on

on

to

Calculated target location displayed on the calculator.
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DATA REGISTERS

This system uses forty (40) of the available data registers on the TI59

calculator. The registers and their contents are listed below:

REGISTER CONTENTS

00 - 17 working storage

18 azimuth for OP number 1

19 coordinate for OP number 1

20 azimuth for OP number 2

21 coordinate for OP number 2

22 azimuth for OP number 3

23 coordinate for OP number 3

24 azimuth for OP number 4

25 coordinate for OP number 4

26 azimuth for OP number 5

27 coordinate for OP number 5

28 calculated target location using OP 2 & 1

29 calculated target location using OP 3 & 1

30 calculated target location using OP 3 & 2

31 calculated target location using OP 4 & 1

32 calculated target location using OP 4 & 2

33 calculated target location using OP 4 & 3

34 calculated target location using OP 5 & 1

35 calculated target location using OP 5 & 2 |

36 calculated target location using OP 5 & 3
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37

38

39

calculated target location using OP 5 & 4
standard deviation of calculated target location

calculated target location




Chapter 5

TE 59 TARGET LOCATOR SYSTEM

PROGRAM DESCRIPTION

INTRODUCTTION

The TI59 Target Locator System is designed to provide an inexpensive,
responsive solution to a target locating problem where there are known
observation points and azimuths to a target from these points. The

program developed to solve this problem is described in the paragraphs

below.

PROGRAMMING ASSUMPTIONS

This system deals with true-north azimuths. There will be at least
two (2) but not more than five (5) observation points (OP) with azimuths
used in the calculations performed by this system. All OP‘s and targets
will be located through the use of an eight (8) digit coordinate defined

as shown below:

AB.CCCCDDDD

A = East-west 100,000-meter square identification number

B = North-south 100,000-meter square identification number
CCCC = East-west portion of the eight (8) digit coordinate
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DDDD = North-south portion of the eight (8) digit coordinate

PROGRAM FLOW

The program first accepts the available OP coordinates and their
azimuths to the target. Using them two (2) at a time, the program
calculates from one (1) to ten (10) target locations, depending on the
actual number cf coordinates with azimuths available. This number can
be obtained by calculating the combination of the number of OP’s with
azimuths taken two (2) at a time (i.e. number = (m!) / (a!(m-n)!) where
m = number of OP’s with azimuths; n = 2; and ! means factorial, e.g. 3!
= 3%2%] = 6). These individual target locations are then averaged to
form an approximate target location and a standard deviation based on
the individual target locations is calculated. These calculations are

discussed in detail below.

This system utilizes true-north azimuths. Although standard
trigonometry deals with a normal mathematical coordinate system (i.e., 0
degrees true-north equals 90 degrees mathematic and 180 degrees
true-north equals -90 degrees mathematic), the program uses true-north
azimuths and only deals with the mathematical coordinate system
internally. As each calculation is performed, the azimuths for the
two (2) OP’s being used are checked to insure that their azimuths are at

least omne (l) degree apart and that their difference is not greater
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than 179 degrees and less than 181 degrees. The Texas Instruments (TI)

subroutine used to actually calculate the target location will cause the
the calculator to yield an invalid result if 90 or 270 degrees is used.

This problem is caused because their use requires the subroutine to
divide a number by zero (0), which of course is an undefined
mathematical operation. The program avoids this problem by checking
each azimuth and if 90 or 270 degrees 1is found, they are changed
to 90.000000C1 and 270.0000001 respectively. These altered values do
not significantly impact on the calculated results because of the very

small difference involved.

The eight (8) digit coordinates discussed above are broke'. out into
north-south and east-west coordinates by the program prior to actual
calculations being performed. Calculated coordinates are checked to
insure that they will fall within the 100,000-meter identification
letters being wused during that calculation. Violations will be
normalized to the minimum or maximum allowable coordinate value. For
example, possible  results could be coordinates 1like 89.12349999
or 80.12340000 if the north-south calculated value falls outside of the
area of operations being used; therefore, it is important to insure that
the area of operation is completely contained within the 1000 KM square
defined by the south-west 100,000-meter square selected for the current

set of calculations.
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The actual equations used by the TI supplied subroutine are described

below.

( El = N1 tan AZl ) - ( E2 - N2 tan AZ2 )

s SR

tan AZ2 - tan AZl

ET = E1 + ( NT - N1 ) tan AZl

where

NT = north-south coordinate of the target

ET = east-west coordinate of the target

Nl = north-south coordinate of the first OP
El = east-west coordinate of the first OP

N2 = north-south coordinate of the second OP
E2 = east-west coordinate of the second OF
AZ1 = azimuth from first OP to the target

AZ2 = azimuth from the second OP to the target

MAP HANDLTING

The program deals with a 1000-KM square that completely encompasses the
sxpected area of operations (A/0). It is important that this 1000-KM
square  actually contain any area that could possibly fall into

walderat lon, Failure to do so will result in erroneous coordinates

w aloulated because the program will normmalize coordinates that
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fall out of the A/O to a point that is in the A/O. One way to deal with
this feature is to select an A/O that places the actual target area near
the center. This will provide a sufficiently large area to accomodate

even relatively large errors in azimuths from the observation posts.

Since the calculator is only capable of processing numeric data, J
the 100,000-Meter square identification letters must be converted into
numbers. This procedure is explained in detail in the User’s Guide and
will be used to convert letters to numbers at the start and numbers back

into letters after the calculations have been performed.

INPUT/OUTPUT DATA

Due to program storage limitations of the TI59 programmable calculator
there is no editing of the input data by the program. The function of
checking all input data has been assumed by manual procedures which
require the program user to verify the accuracy and correctness prior to
allowing the program to begin its calculations. The User’s Guide

explains those procedures in detail.

The program assumes that all azimuths fall between 0.00 and 360.00
degrees. If azimuths requiring less than one degree of accuracy are
desired then decimal fractions, not minutes and seconds, will be used.

Any level of decimal fractions can be used as long as the azimuth does

not contain more than ten digits overall.

Coordinates used by the program fall between 00.00000000

74




and 99.99999999. Leading and trailing zeroes (0) may be optionally used
during data input but will be supressed by the calculator during

output.

Throughout the system minus one (-1) is used to denote either a
coordinate or azimuth that does not have a current value. The minus
one (-1) shows coordinates and azimuths that do not have current valid
values, intermediate target locations that were not calculated due to
missing OP’s or current azimuths, and also the standard deviation when

there was only one (l) intermediate target location calculated.

PROGRAMMING TECHNTIQUES

The program was designed in a top down modular manner with the modules
being formed by a functional decomposition of the next higher level
modules. Whenever possible the functional modules were implemented as
subroutines. Due to the severe program storage limitations of the TIS59
and speed considerations some of the functional modules were placed
"in-line" within a functional module that was designed to call it into
use. The functional modules and their descriptions are shown 1in the

annex and the "in-line" modules are identified.

All modules were designed to have one entrance and one exit. This has
resulted in a few extra program steps but should be more than worth it,

if and when maintenance or enhancements arise.

Subroutines, when used, start and end with a parentheses and do not use
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the "CLR" or "=" keys. This practice also has cost a few program steps,
but has ensured that the subroutines may be called by a module with an
ongoing calculation taking place. The results will be returned in such
a manner that they can be included in that calculation. The practice of
not using the "CLR" and "=" keys ensures that ongoing calculations in

the calling module are not terminated inadvertently by a subroutine.

A technique used to reduce program steps was the "INV" & "LOG" sequence
of keys rather than entering very large or small numbers. For
example, 1,000,000,000 can be entered as "9", "INV", "LOG" for a saving
of seven (7) steps or .000000001 can be entered as "9", "4+/='", '"INV",

"LOG" for a saving of six (6) program steps.

This program utilizes the TI solid state software module for surveying.

The specific subroutines used are program 0l, subroutine "CLR" and
program 16, subroutine "E". These subroutines are used to calculate the
intermediate target locations and the approximate target location with

its standard deviation.
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($) = placed "in-line" to increase execution speed and reduce memory

usage.

SUBROUTINE FUNCTION

A enables the user to input data into the calculator
registers that contain the OP coordinates and azimuths.

B calculates the approximate target location and the
standard deviation based on the intermediate target
locations.

LOG calculates up to ten (10) intermediate target locations.

CP azimuth checked for 90 or 270 degrees and changed
to 90.00000001 or 270.0000001 respectively if found.

cos round off north-south or east-west coordinate to a whole
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STF

IXI

DEG

INT

number within the range of 0 to 99999.

combines a north-south and an east-west coordinate into a
standard eight (8) digit coordinate.

checks azimuths and coordinates to insure that a valid
number is present.

decomposes a standard eight (8) digit coordinate into
north-south and east-west coordinates.

calculates the approximate target location and its
standard deviation.

prints registers 18 through 27 on the PC-100A printer,
displays the standard deviation on the calculator, and
places the approximate target location in the calculator’s

T register.
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