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The work described in this report was performed in the Automated Carto-
graphy Branch, Mapping Development Division, United States Army Engineer
Topographic Laboratories (USAETL) by a summer research
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Cadet First Class Brian J. Cullis. The purpose of the research.
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Scientist, USAETL, was his technical advisor for this effort. Mr. lJancaitis
developed a project plan for Cadet Cullis for this research (Appendix A). Because
of the short duration of Cadet Cullis’ internship, the scope of his effort was
somewhat limited. The progress made by Cadet -Cullis was quite significant
and was important to many projects, prompting publication of this report.
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ADVANCED FEATURE SYMBOLIZATION
FOR THREE-DIMENSIONAL VIEWS

In a recent report by the Rand Corporation and in an ETL Technical Report,

the authors noted that today the state-of-the-art for employing dynamic and three-

dimensional symbols on line-drawn computer-generated topo-

INTRODUCTION graphic perspective views is extremely rudimentary.!2 Rand

conducted informal experiments to determine the type of

symbols that would maximize user performance of interactive command-and-control

map display systems. Rand determined that although the resulting line-drawings were

at an early stage of development, they still were more useful to planners and problem

solvers than the technologically advanced simulative and realistic characters that are
available in the simulation technology.

As a step beyond the Rand studies. this report will show that abstract line drawings
can be constructed that are extremely useful three-dimensional symbols. These symbols
have been designed to minimize symbol recognition time. Expected applications are
CRT displays and other military graphics in hostile environments. For these applications,
storage requirements, plotting speed and recognition speed are the most important issues.
The purpose of this report is to show a more advanced symbol package that will enhance
user performance and comprehension and will identify areas for further development.

First the report contains a listing of those symbols needed for this research with
a brief analysis of the method of creating these symbols.

Second, there is a discussion of the method of transforming the symbols into the
most ¢fficient form for computer usage. A choice had to be made during the research
as to the exact encoding format to be used. Today there are three well-used methods
to store symbols using computer hardware: (1) starbust coding, (2) run length encoded
starburst and (3) x-y coordinates or absolute storage. A comparison was conducted with
the outcomes discussed in the second section.

‘R. H. Anderson, Design Studies and FExperimentation for a Computer-Based Inter-
active Command and Control Map Display System, Unpublished Progress Report, Rand
Corporation.

s
“James R. Jancaitis and William R. Moore, Near Real Time Application of Digital Terrain
Data in a Minicomputer Environment, U, S. Army Fnginecer Topopraphic Laboratorics,
FFort Belvoir, VA, ETL-0142, April 1978, AD-A054 008.
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Third, the results of the computer implementation of these symbols are presented.
Also discussed in this section are proposed enhancements to this initial effort.

Fourth, in the conclusions the major results of this research are summarized and
discussed in light of futurc requirements, Several appendixes have been included in the
report to document the rescarch and methodology used.

The first step in the design of advanced

symbology was to survey and document

the current technology.

SYMBOL DESIGN Figures 1 and 2 contain

command and control

CRT computer graphics from references 1
and 2.

Figure 1. Stylized Jet Plane
(Reference 1)

Figure 2. Three-D View with Symbology
(Reference 2).
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not represent the best available line-drawn three-dimensional computer symbology,
these examples do accurately portray the extent of symbolization available for evaluation
at ETL at the start of this work.

NO. SYMBOL NO. SYMBOL NO. SYMBOL NO. SYMBOL NO. SYMBOL

I . 2 . 3 . 4 - 5 I

e % v 8y o9 18.%

65:% 17.8B 18. 19.%F 5k

21 F 22. G 23. H 24. 1 25. J

26. K 27. L 28. M 29. N 30. 0O

31. P 32. @ 33. R 34. S 35. T

36. U 37. V 38. KW 39. X 40. Y

41. 7 42. ° 43. . 44 . 45. .

46. - 47. 48. ¢ 49. : 50. s

51. X S2. ¥ 53. 0O 54. . 55. ( 3
o56. ) 57. = 58. + 59. , 60. -

61. . 62. / 63. 0 64. 1 65. 2 l
66. 3 67. 4 68. § 69. 6 70. 7 :
'71 . 8 '72 . 9 -73 . ) f '74 . v '75 . r E
—76 . = 7’7' h -78 . ? -79 ) r 8[)- - :
81. K 82. B 83. 84. N 85. B

86. UL 87. ~ 88. B 89. H 90.

conve

military map symbols.

Figure 3 contains the “standard™ CALCOMP symbol library. Although they do

Figure 3. Standard CALCOMP Symbols.

The second step was to examine the current DOD symbology so that standard
ntions could be used wherever possible. Figure 4 contains examples of the current
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| FEATURE map | FEATURE MAP FEATURE MAP
NAME SYMBOL NAME SYMBOL NAME SYMBOL
(Title) (Thtle) (Thtle)
I8 =
} (—1l,
i B e S o
! Government Tanks _—- Airport
) Administration (generaf) Control
! Building . Tower
3 &
i
1Y
§ |
: ° REL ‘
¥ Tank o Airport :
! i School Cylindrical Hangar :
: { . (with flat top) {curved roof) < ;
; . ‘ ®seneo -n-n'u
" 1 e -
| i I |
| Al
| Tank . °
‘ Al Cylindrical ' '-::"" Communication A I Om-: i
Hospital (with peaked/ |F————————f Tower
f | ; (general)
X conical top on
I " e tower)
l \
i ]’?
i
; »d H Tank i s N‘
i Houses of Sphericat i Observation
" Religious ==~ (with column Tower
Worship ! support)
.
r i . Power e
Y B ] Grain Transmission
! onument —— Elevator "1 Yowers \
) ‘ (general) . ‘
! I L B

Detense Mapping Avencey Product Specifications for DMigital Landmass Svstem
PDMA Acrospyce Center, St Louis, MO. Virst Vdition, July 1977,

Source:

Data Busce,
PS {CD (o0, Appendiv TV

Figure 4. Current Map Symbols  (Reference ).
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The third step was to define the special features to be examined. The features
in table | were selected for their importance to a low-level penetrator in a hostile
environment. An artist’s rendition of some of these features are shown in figure 5. The
purpose of this research is to approach this quality within the restrictions of simplicity,
speed, and enhanced recognition.

TABLE 1. Features Selected for Sympolization

Civilian Features Military Features
Building Surface-to-Air Missile Installation
Church Gas Storage Depot
School Ammunition Bunker
Factory Qil Storage Depot
Hospital Prisoner/of/War Compound

Airport Control Tower
Bridge (Truss)
Bridge (Beam/Deck)
Cemetery
Microwave Tower
Observation Tower
Light Tower/Beacon
High Power Lines
Telephone/Electric
Service Lines
Dam
Water Tower

In anticipation of the digital encoding of the symbols. the desire for simplicity
and speed, and the linedrawing CRT constraint, the basis of the symbol design was a
9 x 9 grid. see figure 6.
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Figure 6. Basic Grid for Symbol Design.

This basic grid was chosen to aid in designing the symbols. The end
points for cach line segment of the proposed symbol must coincide with one
of the 81 grid intersections. One example of the symbols designed is shown
below in figure 7. with the current standard symbol shown in figure 8.
Appendix B contains a complete listing of the symbols and appendix C
contains a complete comparison of the symbols.

Figure 7. CRT Graphics Figure 8. DMA Standard
Church Symbol, Church Symbol.
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Having designed a set of test CRT symbology, one must provide for digital re-

presentation for compact storage in the computer. One step toward the compact re-

presentation was accomplished by restricting all line end-

SYMBOL ENCODING points to the intersections of a 9 by 9 grid. This restriction

aids in compact representation because only small magnitude

integers are required to specify the location of the end-points of any line making up the

symbol. Another step is selection of the specific format for digital storage of these

line end-point coordinates. Three basic widely utilized ways to construct symbols were

investigated, (1) the starburst, (2) the run-length coded, and (3) the X-Y grid coordinate
method.

Recently the starburst method has been used more because of its proven smaller
computer storage space requirement when compared to the required storage space of
the grid method for many applications. When using the starburst method, either a unit
increment code or a run-length code must be selected. The run-length code has two
arguments, one being the direction and the other the magnitude. The grid method in-
volves moving the plotter pen to X-Y grid point with either pen up or down and then
moving to the next X-Y grid point.

Both types of starburst formats were compared in a test against the grid system
using a standard eight-bit byte using four of the symbols created.

The following byte format was used in each respective case:

X-Y Grid Format Starburst Unit Format Starburst Run-Length Format
Bite 12345678 12345678 12345678
X-Val Y-Val Ist Cmd 2nd Cmd Direction Magnitude

The pen-up or pen-down command can be stored in a bit array and would be the same
length for all three formats.

After constructing four separate three-dimensional symbols using both the X-Y
and starburst codes, it was concluded that the X-Y method was superior for the following
reasons:

1. It used less computer storage space because of the number

of lines in graphing the symbols and thus was slightly more
economical.

12




2. It enabled the user to have more flexibility, as starburst
software restricted the user to a 45° rotational increment.

3. It did not limit the design potential and capabilities
(see figures 9 and 10).

4. It did not limit the three-dimensional perspective
(see figure 10).

5. It enhanced the goal of limited symbol recognition time.
Appendix D contains a detailed technical comparison.

Based upon the superior performance of the X-Y method, the coordinates for all
the line segments for the new symbols were computed and are contained in appendix E.




XY

STAR
BURST

Figure 9. Microwave Tower.
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Figure 10. Truss Bridge.
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The evaluation of the new symbology could only be accomplished by its simul-

taneous display on the CRT with digital map data. Therefore, the symbol coordinates

were used to create a disk file on a DEC PDP 11/45 minicomputer.

RESULTS A FORTRAN subroutine was written to enable processing of the

data disk file for plotting the features on the CRT plotter (Tektronix

4014). A listing of the data file and subroutine are contained in appendix F. This plotting

capability was then integrated with the ETL oblique view software.? Figures 11 and 12
are three-dimensional plots with and without the new symbology.

Figure 12. Three-Dimensional Plot with New Symbology.

3Jam«:s R. Jancaitis and William R. Moore,Near Real Time Application of Digital Terrain
Data in a Minicomputer Environment, U. S. Army Fnginecr Topographic Laboratorics,
Ft. Belvoir, VA, ETL-0142, April 1978, AD-A054 008.
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This research is a brief first step toward defining the optimal set of three-dimen-
sional symbology. The purposed use of additional feature detail and shading appears
to offer some promise for increasing comprehension without unduly affecting speed

and storage.

The following is an example of the proposed enhancement project that could
be implemented with the basic symbols shown in the Manual of Symbols (appendix B).

Figure 13. Basic Symbol Created In-House Representing a Church,

Figure 14. Basic Symbol Used by DMAHTC, AlsoRepresenting a Church.

Although figure 14 is only two-dimensional, the outline method is very effective in
ac -urately suggesting the actual feature.

16
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Figure 15. Three-Dimensional Symbol Made In-House From the Pictoral Symbol.

Notice how this figure compares to the basic symbol from the Manual. Such an enhance-
ment process could prove extremely valuable in the area of feature identification.

Figure 16. Example of Shading.

Shading lends a greater three-dimensional effect to the symbol.

Basic symbol analysis and revision takes time, but it should be seriously considered in
the future as a part of the Advanced Feature Symbolization Project. The results would
contribute greatly to the field of automated cartography.

17
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This research has led to the conclusions that: a. symbology can be
designed for optimal utijlization in hostile environments. b. Although highly
simulative, realistic, technologically intensive displays
CONCLUSIONS are potentially available for use in the command-and-control
map display systems, they arc not desirable. c¢. Three-
dimensional, computer-generated line-drawn symbols can require considerably
less computer resources and offer the potential of faster user recognition.
d. The X-Y grid coordinate format proved to be the most efficient computer
storage technique for the line-drawn symbology. e. Although the basic
symbols represented in this report comprise only the beginning of advanced
feature symbology for hostile environment computer graphics, the results
are very promising.

18
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APPENDIX A. PROJECT OUTLINE

PROJECT OUTLINE
for

CADET BRIAN CULLIS
by

JAMES R. JANCAITIS

PROJECT TITLE: Development of Advanced Feature Symbolization for Three-
Dimensional Views

PROJECT DURATION: Six Weeks
PROJECT END PRODUCT: Technical Report

HOSTING LABORATORY: U. S. Army Engineer Topographic Laboratories (ETL),
Fort Belvoir, Virginia 22060

TECHNICAL POINT OF CONTACT:  Mr. James R. Jancaitis
PROJECT TECHNICAL AREA: Computer Applications of DMA Digital Data
PROJECT OBJECTIVE:

The objectives of this assignment are to acquaint the student with an R&D lab-
oratory and its procedures; to expose the student tc applications of DMA digital data

in strategic, tactical, training and planning problems: and to provide hands-on experience
in use, modification, and documentation of state-of-the-art computer graphics software.

19




PROJECT DESCRIPTION:

WEEK 1

WEEK 2

WEEK 3
and 4

WEEK $§

WEEK 6

The student will receive an orientation of DMA’s mission
and activities. If possible, the student will visit one or two
of DMA’s production centers. The student will receive a two-
day introduction to ETL, usc of the minicomputer facility,
and operation of the applications software.

The student will analyze the currently employed symbology
and the source code utilized to portray them in the three-
dimensional views.

The student will study previous work on cockpit display
symbolization and develop new, more sophisticated symbology.

The student will implement these symbols in source code
using ETL technical personnel assistance.

The student will incorporate the resulting graphics in a report
which documents the student’s activities during the six-week
period.

NOTE: Cadet Cullis will meet with Major Mekaru once a week.

20
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1. Building

3. School

U
H

5. Hospital

A

Appendix B.

Manual of New Symbols

Church

4. Factory

(7

)

6. Control Tower
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Appendix B. Continued
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.-i 7. Bridge (Truss) 8. Bridge (Beam/Deck) - _;
\ / Y
1
3
4
. F |
9. Cemetery 10. Microwave Tower
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e
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11. Observation Tower 12. Light Tower/Lighthouse
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Appendix B. Continued

T 1

/N

13. High Power Service Lines Telephone/EL SRVC Lines
15. Dam 16. Water Tower
17. Surface-To-Air Missile 18. Gas Storage Depot
Installation
23
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% Appendix B. Continued
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19. Ammunition Bunker 20. Oil Storage Depot j

21. Prisoner-of-War Compound
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Appendix C

Comparison of Symbols and DOD Pictorial Symbols

An individual comparison of established DMAHTC pictorial
symbols with the basic three-dimensional symbol.

+ st baie. 3 o bt suse o nd SN i
£

- A AARIINED o kmre W= E e 2 S A— .

\

[ . . Building School
school

< % ¢
B
A ‘ .hospitul l I
HEI

<~

[ ]
hanger

Hospital
Prisoner-Of-War Compound

2. Building(s)
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Appendix C. Continued

Factory

Factory

Chimney

3. Factory

/

x>

4. Lighthouse




Appendix C. Continued

N
/
l w.atet ' ‘Vl.'"
fank fank Control Tower Observation Tower

R k- l Ao it
. R ®,. ~
| 5

Microwave Tower Water Tower

5. Towerts)

(There is no corresponding three-
dimensional basic symbol for specific
monuments. The monument is con- .
sidered a vertical obstruction worth .
noting but such specificity was not |
deemed necessary)

6. Monument
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Appendix C. Continued

oil

7. Oil Storage Depot

171,
" | tanks;

—- ke

8. Gas Storage Depot

T

9. High Power And TEL/EL Service Lines
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Appendix C. Continued __ :
b
3 :
Slag Pile Castle i
10. DMAHTC Pictorial Symbols With No Basic Symbol Comparison
: ]

i
P
\_/ £ 5 o

Cemetery Ammunition Depot B
Truss Bridge Beam/Deck Bridge Surface-To-Air Missile
Installation

11. Basic Three-Dimensional Symbols With No DMAHTC Pictorial Symbol Comparison
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Appendix D.
Comparison of Storage Altematives: X-Y Coordinate and Starburst Codes
XY STARBURST
I XY 1 2nd Ist

Comm Comm

See N ;s W~
N = N N e N = NN e
[~ N S B - S S I - N I N B
0o 00 00 N N O 00 W = QN e

—
-

NN e e e e e o e
e e ® N R W

N —
o g
NN N NN NNRRNNRRDRNDNRNNN N NN

NN N W e = W N eSO OO e N N W W e e
WM N W e e W N A OO AR NN D W W e e

Y
“w

Required Byte Size
X-Y 11 bytes

STARBURST 23 Bytes *Design Limitation
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Continued

Appendix D.

STARBURST

XY

Ist

2nd
Comm Comm

0

2.2 7 8
3.2 4 8
4. 2 2 6

5.2 2

7. 2 5 5

8. 2 7 17
1

10. 2 4 7
2
1

13. 2 4 3

11.

12.

14.

~

15. 2 § 5§

16.
17.
18.
19.

15 Bytes

Required Byte Size
X-Y

STARBURST 19 Bytes
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Appendix D.

STARBURST

XY

st

2nd
Comm Comm

2.2 4 4

3. 2 4
4. 2 3

1
1

r 1

(]

6. 2 2 4

~ N 1 T O ¢ <
—

NN AN A

w O X X I~ O T

_— et W D O T

PR SN B N S TR S

~ % O O =~ o ™

o e pmm g

—

L]

L

—

-

—

-

-

14.

15. 2 4 7

16. 2 5 6

17. 2 § 5§

18.

543 210 76 543 210

76

st

Comm Comm

2nd

IPEN XVAL YVAL IPEN

19 Bytes

Required Byte Size
X-Y

13 Bytes

STARBURST
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13 6.

Bytes

10.

11.

12.

13.

Digitizing Basic Manual Symbols

Table [. Building
IPEN X--VAL Y-VAL
3 5 3
2 5 0
2 1 0
2 1 3
2 0 2
2 5 7

2 8

2 6 2
2 3 5
3 7 3
2 7 2
2 5 0
3 0 0

Appendix

16 6.

Bytes
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E.

10.
11.
12.
13.
14.
15.

16.

X-VAL Y-VAL

Table 2.
IPEN

3 5
2 5
2 1
2 1
2 0
2 5
2 8
2 6
2 3
2 3
3 2
2 4
3 7
2 7
2 5
3 0

Church
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Appendix E. Continued

Table 3. School
IPEN X-VAL Y-VAL

3 5 3
2 5 0
2 1 0
2 1 3
2 0 2
2 5 7
2 8 4
2 6 2
2 3 5
2 3 8
2 1 6
2 3 6
3 7 3
2 7 2
2 5 0
3 0 0

39

X-VAL Y-VAL

Table 4.
1IPEN
3 0
2 0
2 3
2 3
2 0
2 4
2 4
2 5
2 6
2 6
2 5
2 4
2 4
2 4
2 5
2 6
3 5
2 5
3 6
2 7
2 3
3 3
2 7
2 7
3 0

Factory

3

0
0
3
3
6
7
8
8
6
5
5
6
7
7
8
5
7
6
6
3
0
3
6
0
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Appendix E. Continued
Table 5. Hospital Table 6. Control Tower *
IPEN X-VAL Y-VAL IPEN X-VAL Y-VAL
1.3 0 4 1. 3 2 0
2. 2 2 6 2. 2 0 0
3.2 7 6 3. 2 7 0
4. 2 5 4 4. 2 1 8
5. 2 0 4 5. 2 3 8
5 6. 3 6 5 15 6. 2 2 7 ‘.,
Bytes 5 2 6 2 Bytes . 2 0 7 "'
8. 2 4 0 8. 3 0 6 :
9. 2 1 0 9. 2 2 6 i
10. 2 1 4 10. 2 2 0 1
1. 3 4 4 1. 2 3 1 .
1. 2 4 0 12, 2 3 8 {
13. 3 ! 3 13. 3 3 7 ]
14. 2 2 3 4. 2 2 6 i
5. 2 2 4 15. 3 0 0 .'
16. 3 3 a ' |
7. 2 3 3 'g
18. 2 4 3 : :
19. 3 4 2 | k
0. 2 3 2 IR
. 2 3 1 ]
2. 2 2 i
23, 2 2 2
4. 2 1 2
5. 3 0 0
L
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Appendix E. Continued {
Table 7. Bridge (Truss) Table 8. Bridge (Beam/Deck)

IPEN X-VAL Y-VAL IPEN X-VAL Y-VAL

1. 3 2 0 1. 2 0 0
2, 0 0 2. 2 0 2 !
3. 2 2 6 3. 2 2 4 ;
4. 2 4 0 4. 2 7 4 ‘
5. 2 2 0 5. 2 7 2 i
21 6. 2 4 6 19 6. 3 5 (] .
Bytes7 , 6 0 Bytes 3 s 5 ' ¥
8. 3 4 2 8. 2 7 4 y
9. 2 2 2 9. 3 5 2 g
10. 2 4 8 10. 2 0 2 :

. 6 2 1. 3 ] 2
12, 2 4 2 12. 2 3 4 :
13. 2 6 8 13. 3 2 2 .
4. 2 8 2 14, 2 4 4 ]

15. 2 6 2 15. 3 3 2 l
16. 3 2 6 16. 2 5 4 '

7. 2 4 8 17. 3 4 2 ';
8. 2 6 8 18. 2 6 4 ;
19. 2 4 6 19. 3 0 0 -.1
20, 2 2 6 :
a3 0 0 L
|
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Appendix E. Continued

Table 9. Cemetery
IPEN X-VAL Y-VAL
2 0 0
2 0 3
2 1 4
2 3 4
2 3 1
2 2 0
2 0 0
3 1 0
2 1 3
3 0 2
2 2 2
3 0 3
2 2 3
2 2 0
3 2 3
2 3 4
3 0 0

12
Bytes
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8.

10.
11.
12.

N n ke

Table 10.
IPEN

3

2

[ 8] t9

(99
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Microwave Tower

X-VAL Y-VAL
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Table 11. Observation Tower Table 12. Light Tower/Beacon
IPEN X-VAL Y-VAL IPEN X--VAL Y-VAL
1. 3 7 3 1. 2 0 0
2, 2 7 8 2 2 3 5
3. 2 4 8 3. 2 6 0
4. 2 2 6 4. 3 3 2
5. 2 2 1 5. 2 3 6
6. 3 2 5 6. 3 0 6
16 7. 2 5 5 21 7. 2 6 6
Bytes 8. 2 7 7 Bytes 8. 3 0 7
9. 3 6 7 9. 2 6 7
10. 2 4 7 10. 3 1 8
11. 2 3 6 11. 2 2 7
12. 3 4 5 12. 2 3 8
13 2 4 3 13. 2 4 7
14. 3 5 1 14 2 5 8
15. 2 5 5 15. 3 4 7
16. 3 0 0 16. 2 4 6
17. 2 5 5
18. 3 1 5
19. 2 2 6
20 2 2 7
21. 3 0 0
43
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Appendix E. Continued

Table 13. High Power Lines Table 14. Telephone/Electric
Service Lines
IPEN X-VAL Y-VAL IPEN X-VAL Y-VAL
1 2 0 0 1. 3 1 0
2. 2 3 5 2. 2 1 4
3. 2 6 0 3. 3 0 4
10 4. 3 3 2 5 4. 2 2 4
Bytes Bytes
5. 2 3 8 5. 3 0 0
6. 3 1 7
7. 2 1 8
8. 2 5 8
9. 2 5 7
10. 3 0 0

Table 15. Dam
IPEN X-VAL Y-VAL

1.3 4 0
2. 2 2 0
. 3. 2 2 1
4. 2 0 4
5. 2 1 5
13 6 2 7 5
Bytes
2 4 0
8. 2 4 1
9. 2 6 4
10. 2 7 5
1. 3 6 4
12. 2 0 4
f 13. 3 (] 0
44
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1 Appendix E. Continued
Table 16. Water Tower Table 17. Sam Installation
IPEN X-VAL Y-VAL IPEN X-VAL Y-VAL
' 1. 3 3 4 1. 3 0 3 1
} 2. 2 4 4 2. 2 3 3
3. 2 4 1 3. 2 3 0
i 4. 2 3 1 4. 2 0 0
} 5. 2 3 4 5. 2 0 3
6. 2 2 4 6. 2 i 4
? 0 7. 2 | 5 8 7. 2 4 4 .
: Bytes Bytes
’ 8. 2 1 6 8. 2 4 1 ?
9. 2 3 8 9. 2 3 0
10, 2 5 8 10. 3 3 3 ,
1. 2 6 7 1. 2 4 4 ]
2. 2 6 6 12 3 3 4
13. 2 4 4 13. 2 3 7 ]
14, 3 2 7 14. 2 2 8 ]
15. 2 4 7 15. 2 3 6
16. 2 5 6 16. 2 2 4 H
7. 2 5 5 17. 2 3 5 }
! 18, 3 4 7 18. 3 0 0 '
19. 2 5 8 ;
20. 3 0 0 4
{
i
|
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Table 18.
IPEN
; 1. 2
| . 2
f 3. 2
! 4, 2
' 5. 2
‘ 1§ 6 2
) Bytes
f 7. 3
i
8. 2
9. 2
10. 2
it 3
12. 2
13. 2
14. 2
is. 3

Gas Storage Depot
X-VAL Y-VAL

0
0
3
4
S
5
5
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Appendix E. Continued

0

tPNUﬁO‘O‘W

[

o » & W O

Ammunition Bunker

X-VAL Y-VAL

T
Table 19.
1PEN

1. 2 0

2. 2 3

3. 2 6

4. 2 8

5. 2 7

12 6. 2 5

Bytes . ) )

8 2 0

9 2 7

10 3 5

11. 2 6

12. 3 0
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Table 21.
IPEN
3

Continued

Appendix E.
Oil Storage Depot

X-VAL Y-VAL

Table 20.
IPEN
3

T»l’: e s S A ey o~ i+

19 5.
Bytes

=~ [ B o | (o] (]

14 5§
Bytes
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10
1
2.
13
14
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10.

11.

12
13.
14

15.
16.
17.
18.
19.
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Appendix F.

Computer Listings

SUBKUUTINE BRISYM
PAKAMEIER 1ZERO=0
LOGICAL*]1 ANS

------- —INTEGER*2-XVAL ,~YVAL —e—ee e N
COMMUN / FETUR / XLL, YLL, DUM1(4), OSCL, DUNM2(3), XMAP, XYhALF,

* DUM3(4)

— e = COMMOUN-/-OBLIQ /- DY ,—~ TNTHA- SNTHA,--CSTHA, KFUNCT - —eee - -
DATA Pl 7/ 3.14159 /
DATA LSYM 7 0 /

———— -DATA -HLFROT 7180 ¢/ ——e e e e
DATA E1GHT 7/ B.0 /
UATA 199 7/ 99 7/

G o e e e e e e e e
KFUNCT = 1ZERO

¢

cem = - DEGRAD = P1-7 -HLFROT ——— o o oo oo

c

100 WRITE(5,101)

101 - - FURMAT{1X, TENTER NUMSYM ,~THETA, SIZE, XMAP AND -YMAP’) -----

READ(S, *) NUMSYM, THETA, SIZE, XMAP, YMAP
IF(NUMSYM JLT. IZERO) GO TU 950
=== ~iHETA S -1HETA *- - DEGRAD---—- R i
C TRANSFURM PUINT ON MAP SHEET TO PLOTTER SURFACE.
CALL UbInD(XP, YP, 1FLAG, 1UUT)
- - AF{IUUT - NE, -1ZERO)-60 70 100 - —— - s e
700 REWIND 9

800 FURNAT(1X,12)
900 --—- READ{9, 800) ITEST---—m —m—— m— — oo e o e e

IF(1TEST .EQ. I99) GO TO 700
IF(11LST .GT. NUMSYM) GO TO 700
<o - --1F{1TEST +LT. -NUMSYM) 60 -TO 900 ~- - o S -
200 FURMAT(EL,12,11,1X,11)
201 READ(9, 200) IPEN, 1TEST, XVAL, YVAL
ceemm JF{1TEST «GTs NUMSYM) GU TOU 600 - -m o o o e w s
XVL = PLOAT(XVAL) ¢ EIGHT * S1Zt
YVL = FLOAT(YVAL) / EIGHT ¥ SILE
m e —AROT -2 XP--4 -XVLECUS(THETA) -+ YVLA*SIN(IHETA) -
YRO1T = YP ¢ YVL¥COUS(THETA) = XVL*SIN(THETA)
CALL PLOT(XRUT, YRUT, IPEN)
e ee=B0 AU RO e e e s
600 CALL FINITT(1ZERO, 1ZERU)
LSYM = NUMSYM
e == G0 TU- 00— e e e e -
950 RETURN
END

48




. ) , ,
i j I i !
033102240240 Ao

4 OMAB VNP~ =]

) 4 54 [~}

- : )

!22222242243
L

i !
k { { ] ! | I !

~ o 0346.53'76
)
~me ”m ™ - - D ™ DN S
° A J. b4 U~
- ! : ! ! i -
H i : i
w 4 d ! ! { i !
. i
A 050266677343787055640
’ N ' ‘
03633060619.3454‘512&.0
! ; ' |
PMA MmN
) ' !

~N
-

”

-y

i | } I
0444400*32%33434
OPeMPNOA O WO N PN

» 4 | 4 i 4 ]
e
i

S S DU S U S

.00.75*77%60{87#0

3222422423
! i :

Appendix F. Continued

NOO=MNOINNMM M

o ’ =) ONPNIPIPOPODINCPITNIBNPI PONNTOH™NFSMPEeMIT D

momm——— RO DRI SN AN IS S S
.ﬁ 2%22%22123%3 %22?22?22222248242232343 %224232232320233324

; { i | ; } ; : ; j i ! } ! L ) { :

i ; : t

“._ " ~ ! { { § : _ ~ H | : )
400%36489655677857%6343bO 4&64452%04403344332411{209

4403404456654445655%73%770502754664114412233443322102
! : ' ! i 1 .
v : { ’ i

> +

4224223222222222324
{ ! : ! !
_ w ! i ; _ _
30432442£3200 PIOMN~Y
NH B BOPDOPENBO BN EIN®
A St R v A
MO NNN

i !

%1‘55492230
%02466531%24$0
i .
MNNNNNNNN
1
mopPwn oo 3304344
Lo s B ]

036331.1559 e OMND
m ! : t- \

0&02496
00+63q‘ls+5l50
i - h
™ N ~M )N ~ N NS m
P

405006%082232

NN 3222%322223

PANRM AN NP NN
: i i : .

a@w .

cwa,

| ! ' ; _ ; i : !

010923+22é57155#059

PR OPONYOTIMNPLITLONG
H ;o

-. W
o~ ’ . .
%2222223222222232249
1 ! ! !
! : _ N , { , | { j

!
) !
103.44.436450“03405 4‘14201.‘40

O - L e W I gy} NMNYMNO OO < N "2 s 03,2
gemTYsrentNagno ooy Tompee

4.32
y

NNy e m

f
I

[y Xy W]
i ¥ ‘ |

422332423Q223
} 1 i ¥ !
_ | ¢ ! | i i '
FHLONB~PE~P OFTCLP OQRwTn POmFnseo

‘ (4201744b7600
w o ' '

- . R Lowe ¢ e
MENCANMQENNSD aNmN® MmN VNN NNmam
: ‘ h B ! i . :

! _ J | , ; |
%7680 288%05577465405*63%
DO NPAOMNNPPaNEMMOMN
RN A N AR S|
MONNNNMANMAI MM NANNS

1 i | ’ ¢ !

49

.u ! ! i ) ] |
%68%66%2240 %2(+20%42424%024

'
~Neg

M ONOEM OO O8O
: . !

. _ _ i ! : : _ ! _

B ; . B 1 ¢ 1

. ! ' !
NOPHE~ANODR MIOMWNDHLPLNNONITENNO
OMANINIE NG N AmNPMIMAMCCNOADOMO

; . ) ! : . b b
MM MAMNN MNNMNEONNRNMNUNM PN

1 ‘ . ) . ; N

i







