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Abstract 

The esthetics of clearcut units potentially 
visible from a distance can be improved by judicious 
design. Screening clearcuts from view or shaping 
them to characterize natural openings are current 
methods used for this purpose. 

Perspective plots illustrating how proposed 
clearcut units will look from specific off-site 
viewing points provide an appropriate means of 
evaluating how well the units meet desired visual 
objectives. This procedure has been automated on 
a desk-top computer system using digitizer, plotting 
peripherals, and topographic maps. The explanations, 
listings, and logic are included in this report. 

KEYWORDS: Landscaping, clearcutting systems, logging 
operations analysis/design, computers 
(desk-top) . 



Introduction 

Highly visible clearcuts that reduce the beauty of forested 
landscapes have caused increased public censure over the past 
decade. Corresponding efforts to protect the scenic quality of 
timber-producing land have resulted in revised cutting practices. 
These avert clearcut units which would, from distant vantage 
points, appear as stark, artificial, and geometric openings. 
Instead units are designed to resemble natural clearings or, in 
those places where landscapes are of higher visual importance, 
the clearcuts are completely screened from view. 

Applying these landscape management practices to proposed 
clearcut units necessitates special analytical techniques. 
Ideally these techniques must provide a fast and convenient means 
of examining the visual effects of several harvest plans in order 
to find the best arrangement. 

This paper presents a technique that is successfully meeting 
this need. It requires a topographic map, desk-top computer, 
digitizer, and plotter. The procedure creates accurate perspective 
illustrations (plots) of cutting unit boundary lines and other key 
topographic features. Its simplicity and speed make it ideal for 
direct operation by the landscape designer. This permits immediate 
interaction between the designer and the plot, with rapid "back 
and forth" convergence towards the best design. In addition, this 
technique provides information which can facilitate the field lo- 
cation and marking of unit boundaries. The information should be 
useful to those land managers concerned with both the marketable 
and nonmarketable values of their resource, and more specifically 
to landscape architects and logging engineers teamed for the pur- 
pose of planning timber harvests that meet visual objectives. 

Perspective Plot Program 
BASE MAP 

To produce a perspective plot of a proposed clearcut unit, 
a contour base map similar to figure 1, including the following 
information, is needed. 

1. Proposed clearcut unit boundary 

2. Critical viewing points 

3. Key ridge lines 

Starting points for digitizing units 

5. Azimuth from viewing point to the first point on 
cutting unit 

6. Tree heights 

Essential information from the base map is resolved into 
numeric coordinates by the digitizer, and transmitted to the 
computer for analysis. The result, a perspective plot, is 
graphically displayed on the plotter. The numeric coordinates 
are retained in memory for automatic replotting of the initial 
unit from various other viewpoints. 



----- I - - -  

Clearcut Unit (Tree height 120 feet) 

F i g u r e  1.--Base map. 



The pr imary  o u t p u t s  o f  t h i s  program a r e  t h e  p e r s p e c t i v e  p l o t s .  
F i g u r e  2 r e p r e s e n t s  a sample o f  t h i s  o u t p u t .  I t  was g e n e r a t e d  
from t h e  b a s e  map d a t a  o f  f i g u r e  1. 

F i g u r e  2 .  - - P e r s p e c t i v e  p l o t  of cl e a r c u t  u n i t .  

A s p e c i a l  f e a t u r e  o f  PERSPECTIVE PLOT'S o u t p u t  i s  t h a t  t r e e s  
a r e  o n l y  p l o t t e d  a t  d i g i t i z e d  p o i n t s ,  and t h e s e  p o i n t s  a r e  gener-  
a l l y  d i g i t i z e d  o n l y  a t  l o c a t i o n s  where con tou r  l i n e s  c r o s s  t h e  
u n i t  boundary. Note i n  f i g u r e  2 t h a t  t r e e s  appea r  more wide ly  
spaced  a l o n g  t h e  upper p a r t  o f  t h e  u n i t  where t h e  boundary does  
n o t  i n t e r s e c t  a s  many c o n t o u r  l i n e s .  The u s e r  o f  t h e  program, 
however, can  e a s i l y  l e a r n  t o  r e l a t e  t h e  p l o t  t o  r e a l i t y .  F i g u r e  3 ,  
which merges a photograph o f  t h e  same c l e a r c u t  u n i t  w i t h  f i g u r e  2,  
i l l u s t r a t e s  t h i s  r e l a t i o n s h i p .  Note t h a t  t h e  p l o t t e r  draws a l i n e  
between t h e  base  o f  a d j a c e n t  p l o t t e d  trees. T h i s  l i n e ,  which 
r e p r e s e n t s  t h e  boundary o f  t h e  u n i t ,  i s  o n l y  a d e s i g n  a i d .  

N e v e r t h e l e s s ,  PERSPECTIVE PLOTS do p rov ide  o u t p u t  which, i n  
s p i t e  of  some a r t i f i c i a l i t y ,  r e p r e s e n t  a n  a c c u r a t e  p i c t u r e  of  
c l e a r c u t  u n i t s .  Once t h e  c h a r a c t e r i s t i c s  o f  t h e  o u t p u t  a r e  under- 
s t o o d ,  t h e  u s e r  can  a c c u r a t e l y  de t e rmine  a u n i t ' s  shape  and v i s i -  
b i l i t y  from key viewing p o i n t s .  



F i g u r e  3 .  - - A c t u a l  c l  e a r c u t  u n i t  m e r g e d  w i t h  p e r s p e c t i v e  p l o t .  

DESIGN PROCESS 

In its simplest form, use of PERSPECTIVE PLOT in a design 
process is like looking in a mirror to see if one's grooming 
is adequate for public display. A higher degree of complexity, 
however, is introduced when logging costs are considered. 
Therefore, the following procedure is recommended. 

Draw the proposed clearcut unit boundaries on a contour 
map. Then, with reference to selected viewing points, produce 
perspective plots of the unit. 

Determine from these plots whether this unit will satisfy 
the visual requirements. While this evaluation may seem an 
inherently subjective process, professional scrutiny by landscape 
architects referencing well-defined visual criteria normally 
results in consistent judgments. 

If these units do not satisfy the visual standards, they 
must be modified until a design has been produced that does 
display acceptable visual results. 



Once an acceptable design is achieved, the logging costs 
associated with harvest of the unit should be estimated. If 
certain boundary irregularities add significantly to the unit's 
logging cost, the visual advantages added by these should be 
illustrated by comparative plots. If these advantages are not 
deemed worth the extra cost, alternative designs should be 
examined. 

Though the concept and philosophy of this design process 
is quite simple, its implementation is not. An almost infinite , 
number of clearcut boundary patterns, each with their associated 
logging costs, represent possible solutions. Professional skill, 
judgment, and teamwork are required for rapid convergence upon 
an acceptable plan. Use of PERSPECTIVE PLOT has greatly facili- 
tated this design process by permitting the designer to quickly 
examine several reasonable approaches in the effort to select 
the best arrangement. 

FIELD LOCATION OF UNIT 

After the initial unit design has been completed, the problem 
remains of getting the clearcut boundaries of the unit marked on 
the ground to correspond with the map delineation. The PERSPECTIVE 
PLOT program provides helpful information for performing this task. 
Complete survey information (fig. 4) provides data needed to run 
a closed traverse survey connecting the digitized boundary points. 

The key elements to this survey should include the following 
steps : 

1. Identify on aerial photographs a point close to the 
proposed unit boundary. 

2. Resolve the map location of this point, and a field 
survey tie to an identifiable elevation point on the unit boundary. 

3. Begin the closed unit traverse at this point, and run 
the survey to correspond with the horizontal distances and azimuths 
as shown in figure 4. (Actual ground variations normally will 
cause discrepancies from the slope distance output as on figure 4.) 

4. Record actual slope distance and percent. 

5. When the survey is closed, compare actual elevation 
changes with the topographic map data shown on figure 4 type 
printout. 

6. Good judgment may indicate the PERSPECTIVE PLOT routine 
be rerun using actual field survey data resolved into a corrected 
topographic base map. 

If the harvest unit is to be yarded by long-span skylines 
(or other terrain sensitive methods) and requires field run 
skyline profiles to assure the feasibility and coverage limits 
of the yarding system, a different approach is indicated. It 
then is more efficient to locate the unit boundary from the 
measured skyline profiles. 

THE PERSPECTIVE PLOT program is based on plane analytical 
geometric derivations (appendix B) and does not compensate for 
the earth's curvature or atmospheric refraction. At the viewing 
range where the program is generally used, this correction is of 



F i g u r e  4 . - - S u r v e y  n o t e s  o f  c l e a r c u t  u n i t .  
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The PERSPECTIVE PLOT program locates and plots topographic 
points regardless of whether they are actually visible or not. 
Therefore, the screening effect of foreground terrain must be 
considered, as it may hide the clearcut units. Plotting the key 
foreground ridges makes obvious what, if any, portion of the unit 
will be screened. So, while the operator is spared the tedium of 
plotting every grid elevation point on the base map, he must use 
good judgment to select the topography that is essential to the 
plot. Past experience with this program has shown that most 
operators quickly relate to the plots which portray familiar 
landscapes and become proficient in this regard. 

User's Guide 

Detailed operating instructions and the program listing are 
given to apply to computer systems programable in the American 2/ Standard Code for Information Interchange (ASCII) BASIC language.- 
They were developed on a Hewlett-Packard 9830sl desk-top calcu- 
lator/plotter/digitizer system, but can be executed on other 
equivalent hardware. 

The minimum Hewlett-Packard calculator system needed to run 
this program is: 

--model 9830A calculator with 7904 words of read/write memory 

--additional read-only memories 

plotter control 

string variables 

extended 1/0 

--thermal page printer (9866A) 

OPERATING PROCEDURE 

The operating procedures outlined in this section presume 
a knowledge of the Hewlett-Packard Model 9830 system procedures. 
Only supplemental instructions pertaining to this program will 
be detailed. 

This program can he put on a magnetic tape cassette. The 
first file on this tape contains special function key statements 
which are important to the execution of the program. Therefore, 
the first step in the use of this program is: 

1. Type LOAD KEY 1, press EXECUTE. 

T h i s  w i l l  load i n s t r u c t i o n s  i n t o  t h e  s p e c i a l  f u n c t i o n  k e y s .  
These are  l a b e l e d  on t h e  s p e c i a l  f u n c t i o n  card ( f i g .  5 1 .  
ExpZanations o f  t h e  c o r r e c t  u s e s  and purposes o f  t h e s e  keys  
are  g i v e n  i n  t a b l e  2 (page 11) .  

2/ 1977. A.N.S.I. Standard x 3.4. Amer. Nat. Stan. Lists. 20 p. 
New York, N.Y. 

The use of trade, firm, or corporation names in this publication 
is not an official endorsement or approval by the U.S. Department of Agri- 
culture of any product to the exclusion of others which may be suitable. 



F i g u r e  5 .  - - S p e c i a l  f u n c t i o n  c a r d  f o r  per- 
s p e c t i v e  p l o t  p r o g r a m .  

2.  P r e s s  LOAD, 2 ,  EXECUTE. 

T h i s  l oads  t h e  main program. 

3 .  S e c u r e  c o n t o u r  map t o  d i g i t i z e r  surface. 

Map must c o n t a i n  t h e  i n p u t  da ta  s i m i l a r  t o  f i g u r e  1 
i n c l u d i n g :  

--proposed c l e a r c u t  u n i t ( s )  a c c u r a t e l y  o u t l i n e d  

- - c r i t i c a l  v iewing  p o i n t ( s )  marked 

- - r i d g e  l i n e s  i d e n t i f i e d  ( o r  i d e n t i f i a b l e )  

4 .  P l a c e  p l o t  sheet i n  p l o t t e r  a n d  set m a r g i n s  fo r  f u l l  1 0 - i n c h  
by 1 5 - i n c h  p l o t .  

5. P r e s s  RUN, EXECUTE. 

At t h i s  p o i n t ,  t h e  program a s s i s t s  t h e  u s e r  by  r e q u e s t i n g  
i n p u t  through v i s u a l  prompters  i n  t h e  d i s p l a y .  

Continue through e n t r i e s  i n  t a b l e  I which r e l a t e  t h e  
keyboard and d i g i t i z e r  i n p u t s  t o  t h e  v i s u a l  prompters  
on t h e  computer d i s p l a y .  



1/ Tab1 e 1--Input expZanation for perspect ive p l o t  program- 

UNIT UPHILL OF VIEW PT? (YES/NO) YES 

Visual prompter on d isp lay 

ENTER DESIRED FOCAL LENGTH (IN. ) 18 

ENTER MAP SCALE (FEET/ INCH) 1320 

ENTER CONTOUR INTERVAL (FEET) 40 

ENTER TREE HEIGHT (FEET) 140 

Sampl e 
keyboard 
response 

DIGITIZE VIEWING POINT 

Expl ana t i on 

ENTER ELEVATION OF VIEWING POINT 

DIGITIZE 1ST POINT ON CUT UNIT 

ENTER ELEVATION OF 1ST POINT 

SELECT SLOPE AND PROCEED 

None 
(response v i a  
d i g i t i z e r )  

1600 

None 

Press 
appropriate 
func t ion  key; 
e.g., 
fl UPHILL 

f2 LEVEL 

f3 DOWNHILL 

f4 FRACTIONAL 

The p l o t t e r  draws a leve l  l i n e  o f  s i g h t  
mark + t o  reserve the  bu lk  o f  the p l o t t i n g  
space above i t  when the u n i t s  are u p h i l l  
o f  the viewing po in t ,  o r  v isa versa. 

See f i g u r e  6 f o r  explanation. 

Refers t o  base map on d i g i t i z e r .  

Inputs contour i n t e r v a l  from the topo- 
graphic base map. 

This should be var ied as the average stand 
he ight  o f  t imber surrounding the u n i t ( s )  
var ies t o  ascer ta in  the extent  o f  screen- 
i n g  which w i l l  occur from the viewing po in t (s) .  

1. Center d i g i t i z e r  cursor cross ha i rs  on the 
map p o i n t  from which you wish t o  construct 
view o f  the proposed un i t s  ( i  .e., the viewing 
p o i n t ) .  

2. A f t e r  d i g i t i z e r  emits a shor t  beep, 
press a and then buttons on the cursor.  

From the contour map, enter the in te rpo la ted  
e levat ion o f  t h i s  viewing po in t .  

1. With e i t h e r  the  template suggested i n  
f i g u r e  6 o r  good judgment, p i ck  an i n i t i a l  
po in t  on one c u t t i n g  u n i t  centered so desired 
viewing f i e l d  w i l l  not  f a l l  outside o f  p l o t t i n g  
capabi 1 i ty .  

2. Center cursor cross ha i rs  near t h i s  po in t ,  
preferab ly  where a contour l i n e  in te rsec ts  the 
proposed u n i t  boundary. 

3. Press the button on the d i g i t i z e r  
cursor a f t e r  hearing the beep. 

Enter the contour l i n e  e levat ion o f  t h i s  po in t .  

1. The key pressed must correspond w i t h  d i rec-  
t i o n  o f  slope o f  the u n i t  boundary commencing 
a t  the f i r s t  p o i n t  and digi t iz ing_,clockwise 
around the u n i t .  

2. D i g i t i z i n g  the u n i t  i n  a counter-clockwise 
d i r e c t i o n  w i l l  r e s u l t  i n  erroneous output o f  
survey in format ion (key fg ) .  

L/ Table 2 explains the r o l e  and use o f  special  funct ion keys. 



11 Tab1 e 2--Explanation of role and use of speciaZ function k e y s  

fl UPHILL 

Key 

fp LEVEL 

f3 DOWNHILL 

Visual prompter on d isp lay 

D i g i t i z e  1. A f t e r  the d i g i t i z e r  beeps, press the a 
but ton when the cursor cross ha i rs  are cen- 
tered on the contour l i n e l u n i t  boundary 
in te rsec t ion  immediately u p h i l l  o f  the l a s t  
p o i n t  d i g i t i z e d .  

Sampl e 
keyboard 
response 

2. Continue moving u p h i l l ,  center ing the  
cross h a i r s  on the  contour 1 ine/uni t i n t e r -  
sect ions and pressing the but ton a f t e r  
each beep. 

Explanation 

3. The d isp lay f lashes the  e levat ion a f t e r  
each p o i n t  i s  d i g i t i z e d .  The e levat ion i s  
increased by increments equal t o  the contour 
i n t e r v a l  w i t h  each p o i n t  d ig i t i zed .  The 
e levat ion reading provides a check f o r  the  
operator. 

D i g i t i z e  Operate i n  the same manner as the f 1 key. 
The d i f ference i s  t h a t  the e levat ion o f  a l l  
po in ts  d i g i t i z e d  i s  he1 d constant. 

D i g i t i z e  Operate the same way as the fl key. This 
key, however, subtracts the contour i n t e r -  
val from the e levat ion o f  the  prev ious ly  
d i g i t i z e d  po in t .  

f4 FRACTIONAL (+ UPHILL; - DOWNHILL) -.5, 1. This key permits p l o t t i n g  o f  add i t i ona l  
D i g i t i z e  map points  i n te rpo la ted  between contour 

1 ines. 

2. Care must be taken t o  continue p l o t t i n g  
i n  t h i s  mode ( i  .e., don ' t  change t o  UPHILL 
o r  DOWNHILL mode) u n t i l  the e levat ion equals 
the e levat ion o f  a p l o t t e d  contour l i n e .  

Example: I f  the contour i n t e r v a l  i s  40 feet, 
and the operator wants t o  p l o t  10-feet-eleva- 
t i o n  increments downhi l l ,  enter  -.25 and 
d i g i t i z e  fou r  times a t  i n te rpo la ted  quar ter  
po in ts  between the contour 1 ines . 

When' the plotting of an individual harvest unit is complete, m d  it is 
neeessary to plot additional harvest units 

press: STOP, f5 

f5 MARK NEW HARVEST UNIT This message w i l l  be displayed f o r  2 seconds. 
The p l o t t e r  pen w i l l  l i f t  and the next 
message w i l l  be displayed. 

DIGITIZE 1ST POINT ON NEXT UNIT D i g i t i z e  Center the cursor 's  cross ha i rs  on any contour 
1 i n e l u n i  t boundary in te rsec t ion  p o i n t  on the 
next u n i t ,  and press the but ton a f t e r  the 
d i g i t i z e r ' s  "beep". 

ELEVATION OF 1ST PT ON NEXT UNIT = 4000 From the contour base map, enter  the e leva t ion  
o f  the  p o i n t  d i g i t i z e d .  

SELECT A SLOPE AND PROCEED 
1 Press the special  funct ion key t h a t  corresponds 

w i t h  the contour l i n e  route which w i l l  i n i t i a t e  
2 the u n i t  boundary traverse, and proceed as 

f3 prev ious ly  described. 

See footnote a t  end o f  tab le .  



Table 2--Explanation of ro le  and use of special function keysu- cont inued 

When it i s  necessary t o  change t ree  height 

Key 

press: STOP, f6 

f6 NEW TREE HEIGHT 

Visual  prompter on d i s p l a y  

9 0  1. Program can be i n t e r r u p t e d  a t  any t ime t o  
make changes i n  t he  t r e e  s ize .  

2. The program w i l l  cont inue ope ra t i ng  w i t h  
t he  same s lope (up, down, o r  l e v e l  ) as before.  

Sample 
keyboard 
response 

3.  I f  both  a  new t r e e  s i z e  and slope change 
a r e  requ i red,  f i r s t  change the t r e e  s ize ,  then 
press STOP again and press t he  spec ia l  f u n c t i o n  
key f o r  t h e  des i red new slope, and cont inue 
d i g i t i z i n g .  

Explanat ion 

When the plot t ing of  a l l  the harvest u n i t s  i s  complete, and it 
i s  necessary t o  plot  additionaZ topographic features 

press: STOP, f7 

f, MARK TOPOG FEATURE OR RIDGE Th is  message w i l l  be d isp layed f o r  2 seconds. 
Then the  p l o t t e r  pen w i l l  l i f t  and the nex t  
message wi 11 be displayed. 

D'TIZE 1ST PT ON TOPOG FEATURE D i g i t i z e  Center the  c u r s o r ' s  cross h a i r s  on any contour 
l i n e  p o i n t  t h a t  a l s o  descr ibes a  p o i n t  on the 
topog fea tu re  which t h e  opera tor  wishes t o  
del  i neate. 

ELEV. OF 1ST TOPOG POINT = 4280 Enter t he  e l e v a t i o n  f rom the contour base map 
o f  the  p o i n t  d i g i t i z e d .  

1. This operates s i m i l a r l y  t o  spec ia l  f u n c t i o n  
key f g  and may appear t o  be an unnecessary 
dupl i ca t i on .  This separat ion,  however, was 
done f o r  the  purpose o f  l a b e l i n g  groups o f  
d i g i t i z e d  po in t s  f o r  g rea te r  s e l e c t i v i t y  and 
con t ro l  on t h e  survey notes and r e - p l o t  
fea tures  o f  t he  program. 

2. I f  survey notes f o r  t h e  harvest  u n i t s  a re  
needed, t he  opera tor  must be caut ioned t o  
d i g i t i z e  a1 1  harvest  u n i t s  before  d i g i t i z i n g  
any r idges.  Otherwise the  survey notes w i l l  
n o t  be p r i n t e d  f o r  any u n i t s  d i g i t i z e d  a f t e r  
the  f i r s t  r i d g e  i s  marked. 

3.  It may be necessary o r  advantageous t o  
p l o t  some r i dges  before  some o f  t h e  harvest  
u n i t s  a re  p l o t t e d  and s t i l l  ob ta in  survey notes 
f o r  a1 1  t he  harvest  u n i t s .  This can be done 
s imply  by l a b e l i n g  every new r i d g e l i n e  o r  u n i t  
as a  new harvest  u n i t .  Superfluous survey notes 
and erroneous area c a l c u l a t i o n s  w i l l  be p r i n t e d  
f o r  the  r i d g e l i n e s ,  b u t  the  necessary survey 
data w i l l  a l s o  be p r i n t e d  f o r  a l l  t h e  ac tua l  
harvest  u n i t s .  

To obtain a l i s t i n g  of  the survey data required for 
f i e l d  layout of  the harvest u n i t s  

press : STOP, 

See foo tno te  a t  end o f  t ab le .  



Tab1 e  2--Evlanation of rote and use of special function keysll - cont inued 

f8 AZIMUTH-V.P. TO 1ST POINT ON UNIT 16 1. From the  contour base map, determine the  
magnetic bear ing  from the  l a s t  v iewing p o i n t  t o  
the  f i r s t  p o i n t  on the u n i t .  

2. A complete p r i n t o u t  o f  survey notes f o r  a l l  
harvest  u n i t s  marked w i l l  be p r i n t e d  ( f i g .  4 ) .  

When a l l  the harvest units  and key topographic features within the viewing 
f ie ld  have been plotted and a d i f ferent  perspective plot of these features 
from a d i f ferent  viewing point i s  required, put a clean sheet of paper i n  
the plotter and 

press: STOP, fo 

fo DIGITIZE VIEWING POINT D i g i t i z e  Center t he  cu rso r ' s  cross h a i r s  on the  new 
viewing, and press t he  bu t ton  a f t e r  t he  
d i g i t i z e r ' s  "beep". 

ENTER ELEVATION OF VIEWING POINT 1680 Enter the  e l e v a t i o n  from the  contour map of 
t h i s  v iewing p o i n t .  

DIGITIZE 1ST POINT ON CUT UNIT D i g i t i z e  1. This g ives  t he  opera tor  an oppo r tun i t y  t o  
re-center  the  p l o t  f rom the new v iewing p o i n t .  

2. Use the template from f i g u r e  6 f o r  p i c k i n g  
a  f i r s t  p o i n t  t h a t  w i l l  p rov ide f o r  i n c l u s i o n  
o f  a l l  the  po in t s  p l o t t e d  f rom the  i n i t i a l  
v iewing po in t .  

3. The foca l  length ,  48 (Prog. Statement 150) 
can be changed i f  necessary. 

3380 Enter t he  contour e l e v a t i o n  o f  t h i s  po in t .  

1. This message i s  d isp layed when the  p rev ious l y  
d i g i t i z e d  po in t s  a re  p l o t t e d  w i t h  respect  t o  the  
new viewing po in t .  

2. This  process can be performed repeated ly  f rom 
a d d i t i o n a l  v iewing p o i n t s  by r e p e t i t i o n  o f  the  
o u t l i n e d  i n s t r u c t i o n s .  

1. I f  the o r i g i n a l  p l o t  should ever accumulate 
512 topographic po in t s  i n  memory, t h i s  message 
w i l l  be d isp layed t o  warn t h e  opera tor  t h a t  any 
a d d i t i o n a l  p l o t t i n g  w i l l  p revent  r e - p l o t s  f rom 
memory through spec ia l  f u n c t i o n  key fo. 

Key 

ENTER ELEVATION OF 1ST POINT 

PLOT COMPLETE 

REPLOT MEMORY FULL 

Visual  prompter on d i sp lay  

1/ Special  func t ion  keys can be accessed anytime dur ing the  program opera t ion  by press ing STOP and the  
appropr ia te  spec ia l  f u n c t i o n  key. 

Sampl e  
keyboard 
response 

Explanat ion 



F i g u r e  6 . - - W i d t h  o f  f i e l d  f o r  v a r i o u s  f o c a l  l e n g t h s  ( n u m b e r s  
a r e  f o c a l  l e n g t h  v a l u e s ) .  

on unit should be near 
o balance plotting space 

Focal Distance Response: 

1. This establishes width of viewing field attainable with 
the maximum 15-inch horizontal plot limit established. 

2. If 18 (inches) is entered, the plot will be constructed 
to appear at true viewing size if the plot is held 18 
inches from the viewer's eye, and correspondingly for 
other values entered. 

3. To use the program, construct an overlay template as 
shown above to aid in centering the plot, and select 
a focal length value that will enable the entire field 
of digitized data to be included on one plot. Or maybe 
the program user will want to have the view constructed 
at a larger scale and use two or more plot sheets with 
some overlap plotted to obtain a larger scale and/or 
wider angle view. In any case, the template will be 
advantageous for correct construction of these views. 

4. The half angles measured for this template are: 

30-inch focal length = 14.0' 
18-inch focal length = 22.6' 
14-inch focal length = 28.2' 
10-inch focal length = 36.9' 
8-inch focal length = 43.2' 







1, 1 1, 1 1  j: 1::: 1 , ,  1 .,,,, "1" :I, .;I;. 1;:j ,, ;:;: 1; !I "1" ;Ifit .;I;. 1 1  ,, ;,: 1 ;  !I l;fil 
i:::~ ;:::I 1::) 1;:) 1 "/" lal1 1 :I. 

.a. ...a ,*a ,,.. .., 
j. !:::I :'::; (::I '1' 1::' 1:;;; ;:;;: '1 - 1  l,,,l 1:::' k.,l ;:::I 1:::1 $:: K:l ... ,#. .,, .. .... .... ,,, ,,.I I:., .I ..a:l ,,,,, "*'t ..'. .. ... .,, am,n* ;:::, .,::! 
:I. 1;':ij 1 ;  \;::I :I: I:::' l'q ::::: #':;I "1" ),.I 1:::' 1..,1 a"' ."'I 1:::' ... ,,, I:.,. .... ..::I ..,! 13 
'1 "' "' "' "" """0" "' 

I .  1:::l I:# 1:::l !:I I.! I I.! ..*! s*,! 1:::l 
1,  1;; : 1; i'l? :I. ::::: 1.i :I. n.,.. ;;;if 1 ;  ,;; 
j, 1::: ; 1 '  I:::] 1:: 1'1'1 :I. 1 ;  ::I ::::: I:.:: :'::; 

1; ; 1; 1:::1 1:: 1'1'1 :I, , ;  ::I ::::: "I.' ::;;: 
1::: ( 1  /:::j 1:: ,, ';::I ::I ::;:; ""I "::I .. ... ,.. 1:::. ....I 

1. 1, 1, 1 I:::/ 1:: 1"'l j, !I iff;: ::::: 1::: 
11. ;I? (::I 'y 1:::. f..I 11, ::::: 1 ;  11, ;;;: "I" I...[ 1:::' 1.1 " ' ""I l,l ... ... .... !..l,l" 
1 1 1 ;  1::  ';::I :;:;: I:::, 1:: 1'1'1 :I, 1 ;  ::I .,.,, ::.:: :I, . . .. ... .,. 
1 ,. 1 .., : :  1::: ,,, '.!.' ';::I ::::: 1:: f11 :I, ,;; ::I '.I.' :I, 
:I. :I, 1:::' "' "::I '1::' ;:;:; \:::I 1:: p.1 :I, "::I " "" ...! I:::] I:... , I . I  * # * * *  1:::: :I. 
11, 11, c;;; 121 1::;; j::~ '.!" 1:;:i ,;; 1::) 1:::i "..I "' .. ..a 

11. ,.. 1:::l :!;:I (;;; [::I I' 1:;: 1::: p 1 ("1 ' ' 1  1.1 1::: 1'1'1 I:::/ 1 ;  I.,.' - * a -  

,.,. ,...,,, I... !./ I ,... I .... ' 

11, 11, $;;; l;!l ;;!;; ''1'' ("1 1:::; 
:I, 11, '::I' (::I 1. ..I 'I .. .,. .I. :I, . .;::, i:::l ,-; .-. 
t . 1  ....... .., ... I I.,) - 1  I::;, , ;  1:::t !:::I .,. 

1, ;:; :I, l"1 '1' 1::: 1:::; 
.I.. . . ....I l#.l I:::# I*.al :I: 1 .... 1 .... " 

;;;;; ;;;: 1;;l /,I,/ f::~ 11; - 1  11, 1,l 

:I, ;I;;: ::;i: 121 1:::: 11, ::::: 11, .., y1 1::: 1::; -.. . . ..... * ,.* ,..I ..# .., -..! *,,,I 1:::l 
, ."'I I;;:' "' ..., .... #... , . . . . , . .. . . , , 
1. 1:::. .,,! 1:::l :!::I :I: :i:i F1 " I ,,,, I:::. It?' I ,  I ,,,, .:::I I ,,,, I,,) k1 I:::, 
:la ;;;;: 1;; 1,l /.I1 [::I :I: "1" :I. 121 l;;l 
:I, ;;I;; ';::I 1;::i I"': 1 ::-;; I:::[ ,,, ... .. ,.. 

,,.. ... ., ,, ... 
:I ;;;;: ::;; 121 I.,) 1 l,,j ' i  y; I;;/ 
:I, ;;:: 1;4 1:::1 ' 1 1  !I:; I:::! ' *' ... . .. . . ... I,! I.! 1-14 bl l*a-l :!: ! .... I .... I 

;:; [::I I,,j I:/ :[ " 1  11, 1;j . . ... .,. ,,. ... ," .,, :I, :.::: :I. !:::I I...: :j, ::::: ..... :I. 
:I, 1:;;; -:::I 1.1 1::;; I:::/ -1" I:::/ 1::: 1::; "' I.,.. a,.! u,,! I:::/ 
1 : :  1; 1::: 1 1  1 : 1:: ; : 1:: 1"  1: 1;; 1 ,  : 1 ,  :: . .  I,, p . 1: 1 ,, 1 , ,  i ..... ;[::I 1::;1 I J  1 1  :I: 1 ,,,, 1 ,,,, ::I " i; ,,, .,. .. a,. 

:i ::;;: l::l. 1;;1 1...1 1:::' l,q,l "1" 1;::: :Iq 
::':';; 

""0 " "' '"' ,,;:"" 
.". ,,, ,.:I I..) I I.! .:::I -,,! 1:::l 

:I. ::;;: '11 11: !::: p I I 1 - 1  1::; " 1  1:;: 1:: 1 1  1:; '1: 1::;; /...I '$1" " !i . .. .,. .... .,., ,,,. 

:I, 1:;;; ';::I ka,l 1;;:1 I,.! 1::; 
:I, 1:;; ;;;;; (21 1:;; I:::/ -1" y; 5 121 
;I. :;;;; #;;;I 1:::1 -1"i '1' ;:::; p-1 [::I 1:;; 1,::: " 1  1;;:1 ]:::I 1;;:1 i":; [:: 1::: [::I '*I /,,) 1;;; 1::: 1 1  1;: 1:;; -ll (':; 1:: " 

,a, ..# .. #.. ... .,,, ...a ... . . . , .., ,,., 

l::l. 1:::1 (::I I,,l 11 ;[ -1" ;;; 1:::j (::I .. .,, ,,. 0.. ... ..& 

1 14. 1. 1.1 :I, :::::I...[ :I, ..I.. :I, 
.I L$ *:::I /;::I '1' 1::: f,,] :I, -#:;I 1::; " '* 
. I  L... ." . . ,,, :,,, ,,,! l 1  1 I...! 1;:: I../ 11. I ;  ... I:::[ .,. 

:I, !::I. 5:; ... 1::s .,. 1 1  1:: i..l :I, :I. ;:I ::::: 1 1  1:: 1 4  :I, ;;;;: "J ::::: [::I 1:: 1.1 :I, -'::I ....I ;;I ::::: [::I 1:; 1.1  :I. !I ::I ::::: ..... a 1. 
11. #::I. 1::1, qj 1::;; I:::/ l:::l :I. 1::l. ';::I 1;;1 
1 ; ;  I ( 1  p.1 :I, :;;;: ]..,I 1. " I  " ""' 
.. ... ,,, I:::, %.! 1:::1 ....I 
11. lif; l;;l f::~ 1:: p-1 :I, 1 ;  ;;I ::-: [::I i: p-I 11, !I if; "J ::::: f:l 1:; 1'1 :t ,.- "j :::: 1:l 1:: pi 11, I:::; ::I ::::: ..... ' .I. 



11, l i  :I, 1;:;: i . , ~  "[' 1::: 1:;; 1;;) .;I;. ::.( ::;:; ::f:; 
1 :  1 1:: ' I '  ' ; I I 1 '  1 1:: 1 1 :  1:: j. ;f:;; ";" " 1  /:::I ]:::I l:::~ 1::;; ]:::I i:::~ 11: 1.4 " 1  ;:::: " /: :I. I.... . . . . . . . . . . .  ,,,, ,.., ..I8 I I1 

:I, 1 ;  ::;;; $3 1~,i \:::I in,,! ' ' i  , :  ;:!:; 
1, ; : 1 ;  I../ ;I, ::::: I../ :I, ..I.. I,, 
;I, 1; 1 ;  I:::! I:.\ ::::: .:::I ...... I,... ........................ :I, :::I t l  1:::l i,,) 1 I,.,! ,:: :I, (21 . ... 
j. I:::, 1.' I:::[ ]'l'i ::::: :I, 
;I. 1; ;;;;; 1;:l /:::a 1::: I,../ 
i. 1; 1;;;l ']' I:::' i,,! ::::: l;:l "I" i...I 1:::' (.,,I (;; ;;: (fii 
$1 I:::I I:::I j'.,j 'j ::::: J',,j '1 ..... '1 .I . . . . . . . . . . . . . . . .  

,;; 1;:l !: 1-1 " 1  I:::! ,;; 1::;; . . . . . . .  I ... 
11. ,;; ;;;;; 1;:l 1.4 ;;;f; ::::: I,../ ;I. 
. ; ; .. "" "3 " "  "' . "' . "' "' 

........ I:::I I..:; I...! I l...i ,:::I ..::I I.::I 
:I. ,f; 1:::l 1:::' 1 1  1:;; I../ :I, ::::: ':::I " 1  1::;l I.,I ;I::; . . . . . .  I.... ., ........ . /:::' . ...... 
,,,.,.,...,. 1. 1.- I../ :I. .::. ,:.., ..,. ! ill I I...i 1::: l*-.l :I, ":'I I .I. 1:::1 I., 

,.I:' /:' ". , I --I 
.,., I.., 1:;:1 ,:.:, I.. ::::: 1:: 1../ :I, !I :I. ::I -.--* ::a:: :[, 
,* 

1, 1 ;  "':I ::::: I:I 1:: 1..I ;I, !I ':::I ::I ,,,.. I.( :I, I i I.... 
; ; ; 1 1  ':::I ';::I :;::; p::r 1:: 1.4 ;I, !I :'::; ... ::I ,..,. ':::I ' ..... I.,.. 1 1. 
:I, 6:' !:::I l:::~ 1%::' ::::: p::~ 1:: f..i l::i, :I[ ...I.. - . 
1, ;::I (21 cq 1::; /:;:I "[ 1:::1 :I,'*;;' $;;;I 
1 -1 $ 1  j.,j 31 ::::: I,.,/ ;[ ..... .'::I I:::' ..'. 

i,,, .,,J 1:::n . . . . . . . . .  
. ...: I ,-., .I. i I:::. .,. ';::I ::::: 111 [ 1.1'1 1, 1:::; ::I ,,,.. I:.:' ' !I ... II. l. ..... j, ,.- ; 1 1  ';::I ::::: [::I 1:: 1'1'1 ;I, (:; ::I ,,,,. '' 

I I. ...#. . . . . . .  ( . .'I ';::I "':I "':I I:::~ [: )':'I 1, " ,J ,,,,, ' . . -. . ,.. I::.. I. :I i l::.,J. 
1 1.::: ::::: I:::[ 1:: p.1 :I, E:; ::I 

....I 11, .;::I f::; I:::! :I: 1:: f::~ 1:; 1'1'1 :I, ,.- -1 (::I ,'f' I,.{ 1:::' .... 1. I -.I 1 -'-l 1:::. 4 1, :I. 13 ...... .. . .;::a :I: 1:::' f::~ 1:: p j  ;I, ....I , I  ::::: 11, " 1  I...[ Iff:: [..I " "' ..... I. .,, :I, :I. I:::I .. ....I ... 
1. 1.' ;::$ I;:! I::;; I:::I "I" I:::! :I, 8;;; 11. 121 
;I, ';::I #:::I ..- 1:::1 .,, :I: 1:::' 1:: 1.1 ;I, ::;$ ::I ::::: " 1  I..{ I f :  1.j ;if:; :I, :I, 1;til 

...... 11. (tt; 13 l:iil :I: I:::' 1:::i 1:: I..I :I, !, ; .,I ::::; ..... :I. " 1  t..i 1::' b..l ;I::; :I. :I, 
1:::~ -1 (::I :I: 1::: I...: "::I :j:i: 121 "1" I,,,\ 1 :  I.,/ ;I. $1 ::: .... ... I...' ..... I.', I I::? 

; ; ; 1; I:.:' I I ';::I ::::: 1;:i ,, l;!~ :I, 
1, ........... ;:;; :.::; 1;;:l .;::: :::;: ::;:: (1 1:;; I...: -::I .::. 1. .I .,I., !.,.I *;::I .:$. :.,.I .;::I 

i . 1  I J. i V v 1  i . . . .  "I .:I:. I.../ ......... 
j I 4, 1: !:::I ';::I ::::: "I" I,.I I:: I.(' ';::' ,,,.' ::,:: ';::I '* . . l,..l ,., .J 

..a 

;I. ,,,) I::? I:::[ ;;;I; ::::: [::I :I, ..... 1:::1 "':I i 

1 ; $1; 1 i.ll :;::: I:;;! ;;;I; .ic. " 1  I:::I I.,./ 1:: 6:j 
1, ; : it / ;;;;; ::::: [::I "f' 1.1 I:: "':; "':I .,,. ' " ""I '' 

I 1::. .1..1 I.. .J 

1 1  !::;; ::::: I:;:! 1:;; 1:: i+Il s i i i .  LI.I -1. I:::! $5 .iii. I:;:! If:;  ::I 

; 1:: 1::: II I' 1::;j ::::: [::I "I" 1. ..I i:: ';::I ..k 1.::: 1:; ..." :1::1 ';::I "1 
I I..... .. 

j f 1; 1; I..., :I, ::::: 1::;; .i;i. "I" (::I I../ 1:: I:::' '#,#I "I 

1, ; I  ; 1 I.,.. ;;:;: ::::: I::;; 9;. "1" I:::I I..] 1:: Ill,' '::I ,.# "I .. 
:I. I::;! *:::I l:::l :I: 1:::' I../ :I, ::::: #;::I " 1  I,,{ 1:::' 1.,1 ;I:;: :I. ::-; Gq .. I ....... I,... 

(-I .I 1:; ::; I:::] j:::' 1 1-1 " 1  I.,] j .,., :I, ,.,,. . . . . . . . . . . . . . . . . .  
:I* #;;;I l::l. 1;j !:::I 1 1::;1 ''[ l.,l !I I,... ;;;f: 
:I. 1;;i 5; c? \:a ::::: :I, . . . . . . . . . .  11. 13 (f; 1: I:::' 1:: I..,. ....a [,.. 1. ::I :::. ::::: k j  ,, :.::; I I.../ I:::' 1.1 $3 l::i. llfil 
.i .7 .. a. 

a. .*. I 11, ::::: (!! ,, ;? + 1:: L.,, -*- I,.. 11, ::I 

f ; 1 ;  "1" ':::' ::::: (3 " 1 ;  .ili. 1:: 1 .... 2;: ..... I... :I, ::I J.... 

I;;;I !:::I ';' I:::' j "I" ..... "1" 11, ,..' I::j. ..... "I" :I, ...' i:l. :I (j . . . . . . . . . . . . . .  
.:::I (7 i:::~ 1;::1 '1' 1::1 I ("1 'I" ..... "I" 11, ...c dl, !I ..... ,:: "I" ':::I .".. [:' "i" :I, ..... 4 ':; ... 
h . . . . . . . . . . . . . . . . . . . . .  I.... . . i.:? 



:' i.1 1; [::I 1 (''1 " 1  " 1  11. i:::i 121 ....... 
-:::a ':::I $::I :i,: I:::' 1 I;:;\ "i" ..... "I" :I. ..... I::), "I" ;:::I ..... <; "1" :I. ..... #::I. ':! li ':::I . .  I ....... I ....... I...# ......... ... 1,,.1 :'::I i:::~ '[ 1:::; I i:::j "1' ..... " 1  :[ ..... 1::1, " 1  :[ ..... illji I:... . . . . . . . . . . . . . . . . .  
"::I I:... I:::! . . . . . .  1:::l 1 j::~ "f' is1I 1 ,,,, 1, 
-'::I 1.1 I 'a* I:... .,.I I:::I :I: 1:::' 1:;: ::::: " 1  [...I I:::' k,,l :I, (fii i:::i 
, ;  1~ ,;; i l  I..] 1;;;: a:,; I I -I- 1 1.1 :I. 
--::a 1.1 ';::I 1:::1 !:::I 1::: I,,l I:... . . . . . . .  
;,; (;I 8 1.J ::::: :I, 
"::I !:::I 1.1 l:::l ''"1 '1' ;:::' 1 1  " 1:::' I 1 ' 1  "I" 1 ;  1;:;l 1'1 1:::' I.,,, I:::' " "  "" " I:... . . . . . .  .I.. # .  #.,' . . . . . . . . . .  1 I.... 1 I:::. 
--I . ". .I' 1. 1:::l 1:::l !;;; -1.' 1:::l I:::# 
o*::l 1;;l [:::I 1 I.,/ I:... .. ., . . . . . . . . . . . . . . . . . . . . . . . .  

-1. 1:::l l,.l 1 ! , , I  ;:::: 1;;:1 1 ;  !;:I 
,:::I -1 ;:I (::I I:::! 1:::. b.,l I.. . . . . . . . . . . . . . .  
*'::I -1 1::1, (::I i::;; I;::/ - 1  I:::/ j, #::;I :.::; /:::I I:... . . . . .  ........ 
;;;;; 11. 1 ;  121 'I! .i' $1; 1 p 1 1::;1 - 1  1;::; I;;:/ 11 p I 1::: '*/- 1;;;: ......... ......... 
.'::I :I, t::; 1;::i I::? -I" ,-'I /:::I I:... ...... ....I ... 
"::I '1 ';::I (::I ' 1 1  '1. !::; /:::I ' p.1 (::I 1;; 1.::: 1.4 1;: L,j 1 1  t::l f;: It{ [:: ;!!!; " 1  !,.I 1.1 1 'r " I:... . . . . . . . . . . . . .  
;;;; :I, (i; 1;j \>I (::I :I: q a l  .:::I I.. I;::! 1;::i (::I ........... 
; 1 1 ,  !...I 11, ::::: !-..I j, ..I.. :I, 
;;;: ;;;: 121 11: 1::: I..,/ ::: ;;;; l i  ,;; -I" 1 . 1  1::: 1,l ..... ..::a ,'::I ... .... 1:::: I:,., a,. ! [:::I ......... 

,::; :I, i::! i:: l...l :I, :I, ::::: f:i 1:: I.,\ :I, 11 ;? :J ::::: FI 1:: I...\ :I. ::: ::I :::: fj 1, 1.4 '1 ;I I::\. 1 :::: 1.1 
'"' '"' '"' "' '".. " ,  I"'i :::. ..a 

1::: 1::  : :  I I . . .  1:::. 1: ... ....r 1:::I ..... ....; .... 
I :::, . ..; l;Ifl pi :I. ::::: ]...I :I, ....a ':::I 1 ;  ti;; ..... I,. 

-'::I '::I ..*I 1.1 VI 1:: 1'1 'I 1;; ::I it::: (::I 1:; 1'1 11. , ;  ;] ::::: 1:::1 I" 1.1.1 j, li *::I ;:I ::::: I:::! 1: 1.1.1 1. i i  ifill :;I ::::: 1;;1 I:... I:... ".. -1. . I 1.. . I 

v.::: *':> 1::; 1:::1 I:::! 1:: ),,I I:... 1: . . . . . . . . . . . . . .  ,.::I ..::I I:::; .I"1 .[ !:::; ,;.:, a ;  ... - ,... ., .." .. -.., .... I-. - 1  1:::' ,-I '1' 1.1 -1" r"'i 1.4 1.1 1 I:,; - 1  I 1 ~,,l i: -1 :: 
.... ... I:... I:... . . . . . . . . . . . . . .  1..1 .I. I..:! 1. 1 .1 1:::. I:::. .I. .:::I a , . . .  I 1  .... I .... I ". ,.* 1:::l 1.11 (::I :I: " 1  ;;;; l,l 1.1 I;;;/ 

;? ;;;; 1;;1 1:;: :I; "I" 1;: 1; . 1::;1 a. .!I!. 1;) 
.'::I ..::I 1::;1 1;::1 1::: l,.l -I" 1;;; 1::) ,it; ;:.:; :I; I *'::I I:... I:... . . . . . . . . . . . . .  . . . . .  'I' ....I 
: :  : :  1 1, I "  1; ; 1::: I 1 :  , ,  1;; 1) " 1::: I:::' '1 ::::; "I" I:::' "I" 1-1 1. ..I 1. ..I F::' .... I:.:' "I" I,,) 1.1 ;I; "1" ::::: i .  I, ..... I:... .... I I 

.:::I .-:; 1, /:::I .I' [:::I 1 1 -I" .s-al --' 
I . . . . . . . . . . . . . . . .  1:::. 
; : ; 1; 1.1  :I, ::::: 1 4  :I. ..I.. ;I, 
;lift :;;.; 1::; 1:::1 1'1 ::::: ':::I I.... 
, . , , "" "' " "  "' 

.... ,:... 1 ..,. 1:::l I..:, 1.1 1 I,,) 1 ;  :I, 121 
::::I "::I 1 ;  I:::/ I"'j (::I .............. 
*'::I .'::I ,(:; l;::~ 'ri '1. 5:; 1 a 11:: 1::: 1 1::: (':: " 1  !.!:; [,~, fi 1 :  Fl 1.1 'I"l 1 1:;: I"'! 1:::: 1 'rl " .............. I:... ....I .............. -..J ............ 
'". "' ""' "' '"" "'" , 

1.::; { 1::;l .:::I 1 

; : ; 1 ;  11 :I. ::::: I..] 11, ..I.. 11. ..::I ..::I I::: --. 
I:... .... I ...I 1:::I I:::! 1:: I*-.I :I. !I :I. ::1 ::::: 1:::1 1:: :I. !I :I. ::I 
;.; , I  1 1  (::I 1:; I..,1 :I. y ;.; ::::: \:::I [: ;I !, ;;; :;I ..... 
;:;; #::I. :I. 121 i:::j 1:: 1...I :I, :::l ::I ::::: (::I 1:: 1, !I :,::: , I  
-'::I I::I. ;:::a F:1 1:: 1.1 .I !I l::l. -1 ::::: [:::I 1;: ;I, y I::l. ;:I I:... ....... 
-'::I 1::1, ::; 1:::l ,:; , i  "1" i:::~ I:::; i::i I:... . . . . . . . . . . . . .  ...a I,.,. ... 

<:I, ,::I, (::I [::I 1:;; ;I: 1~4 s,r -I'a tr.1 12 *,::I 1::; ' 1::: 1 1 1,;: ll / 1::: I. .' ;I 1.J 1::: 1-1 1:;: p\ 1:l - 1  #I' ..- ' 
I:... ... I .  .......... I . .  I I 1  ... .I. I..! 1.4 
;;? 1::1, 1 ;  1,l , 1:;: ;I: !..I ..I" 

..... I:... 1 1:::i 11. ;;; -I" [::a "1'. 1;::i I..,[ I,,) 1.1  :I: -1 : : ; -'::I 1::1, I:::; I:::I . . . . . . . . . . . . . .  'rl 'f I:::; 1 1  " I:::[ iiii: 11: pi1 I,,) " 1  E..l 11{ ,, I:::: " "  
,I 

;;;;: l::l. ';::I I.,l 1:::t 1 1 - 1  1 ;  :I, . . . . . . . . . . .  ........ ;: ,:: 1 , ;:::; ... \,;:I :" :I: '*I' 1;;: 1:: :I, !.::I y 1:q. ;:I 1;;; :I. 
2: 1::1, I;;;, 1::: 1:;:i 1:;: /<I ,:I ,*r ,:::I ;;::I :I; p! l,,i -r !,d 1::: 1;;; 1;::1 1'1 Ill/ :I: 1 :  1:::t j"1 .I' I.,.[ -I" -y !,'.I .! :::: "I- 1;:: :I:'! ,i !..I "[ ..... .I I !  '.I i. . ..... 

4 ' 

,,.I I..) 1.1 :I; " 1  ::::: " I:::' I ;  ,; ii ' 
'1 1::: ('1; 1:;;; 1;; 1:::' $; 'I :i .,..' . . . . . . . . . . . . . . . . . . .  

.'::I I:::: I:::1 I;::1 1::) 1:;: -1 1.1 - 0 1  . . I.;~I I:::: :I, p'l I.,.I I ' 1-1 .... I I:-:l I::: ::::; -I" ,, .. I ,":: I::: 
It  ... ............ . . . . . . . . . . . . . . . . . . .  I:... ....I ...... u .:::I 

..I 1;:;1 1:;: '11 1: ;:;;; - 1  " 1:::' ....I "I" 1' . ,' . l...I I"" I I::: "" I .  : :  "" 2 



;;;;: 1 ;  :I, 1.1 I:::# 1:;; :I: l,,l - 1  
;it: ' ;  ;;;:: $3 b.,l ;;;? ::::: I...] :I, 
; ; : 1; .,,I ;I, ::::: 1:;; ::::: 1;;1 
;if: r:'; $::I. 1:::1 1:::' ("'1 I:;? 1...1 11, ::::: 1:: ':::I ,,I.. 1;; "1 " .. ..... 

s . . . . . . . .  I,.., .' 
I l::;~ 1.1 ;I;; 

"'I "" "' 
:I. 

k, ..,.I l::;l :I: I:::' I..,[ :I, ::::: '::I 1 ;  lif;; " 1  l...I [i;: l.,l *'::I !:::I f::; I:::/ ... ......... 
,.., 

I:... #I ...... 
; :::. .,..I c::, l,:;l 11: 1:::' I..,i ;I, ;::. '::I ,:.,. 1::: ...,I t::~ " " 1 u I*-/ 1;;;: I.*-[ :$ j, ::;j [j 
,"'# I:"' "VI "' "' 

I:::. .,,) t I::;I [...I ::::: [::I 1:: l..I :I. !I :I, ::I ..... 1::) [: f.,I :I, ..I.. j, :I. ::I ...... ..::I I:::. ....I ;;;;; /:::I 11. :I::: [::I 1:: ]...I ;I, ;;;I ::I ..... I:::I 1:: f..I :I, ..I.. 1, ,:::I , I  
: ; 1::; $ 1  ]:::I ::;;; ::::: [::I 1:: I..( ;I, !I ::3 :;I ..... 1:::1 1:: 1. ..I ;I, .,I.. ;I, -'"I .. I:... ......... Y -,::I . I  
;;? 6:; ......... !:::I 1::q .,,./ ::::: 1:: c::1 1:: 1.1 :I, ;;: ::I [::I 1:: I...I 11. ..I.. 11. 11, ::I ::I ..... 1:: i::1 1:: b..I '1 !I '1 -1 -;I;. I:::/ 1:: f.,l '1 ..I.. '1 !i ;:::I ::I ':I . . . . . . . . .  ., .. 
;;;: 1:::; '1 1;::1 'I' 1:::' I:::! 1:: I../ :I, ..I.. :I, !I ::ii; ::I ::::: "l" l"1 'I:::' f,#I "::I ':::I 1:::1 1:::1 . . . . . . . . . .  .... 1: ............ .'.aI ]:::' .:..I ..... ,.> (;I :I: I:::' [::I 1:; I.,/ ;I. ..I., :Iq :::; ::I ::::: ;I, " 1  I.../ 1;;; 1.,1 ;;;;I 1;;) ...... 
: :  I..,. : .,.' ; 1.1 1;;;; :I, ::::: [::I 1:; I...I :I, !, ::;:I ::I 
*::I , 1 I.,,. :;;:: I:;:! 1:;: 1:: ]:::I e . 1  ':::I .,I., 1:) ;j, -'i.~ ':::I .iii. !..I I.". I.,.. I.,.. 
;:: I ;  1:::' ,::I, ;;;:; I:::' 0"' ,,:;; ..." 1 .... ::I .;I;. ..... :I, 1:::i 1:::1 ......... ...... 
; f :  1 ;  1::  I:::! i ;  ::::: I;;; I:;;! 1:;; I;: I.... ;;;fr ,,la, '::I -'::I ' 

. a n . . . . . .  ..,, I,,, ,:I 
aaa'l i::. k t  .". '"'I 1,- (::I ," 1:::' /:::I :I;/: l:::~ *'I" l...l 1::: I.,,[ ;;;;: lif;; l;;;~ 

*, .... ,..I f.. I:::' I:::] I:::' ::::: ,, !:::I :I, I.... ."' l...l ... 
$1:' 1 :  /:::I If; ::;;; I:::I "I" 1.4 1:: [:::I 1 ,,,.' '' ...I ..... .. .I .::: I.."l "' ( l,..l 1:::1 '1 1:::' [:::I .::: 1:q /...I 1:::' l.,,l ;;;;: -;::I ::;;I 

I.... . . . . . . . .  
"' ""I 'I I:;:l I:::l "::I ,,,,, ""I "' (' I..'l ..... I:::' , ;  I:::: I.' ..... I *..-I ....... 
;;;;: *;::I ;;;;: 1;:;; 1:::1 ''/- I:::/ ;;;;: +;::I #::I, 
; : ; ;  1; I:::' "::I ::::: ';;;I I:::/ ..,,. I:::' c; I 
'"'I "':I 1::1, j::~ 'I' I:::' ::.:: :::, (::I "I" [.,.I 1:::' 1 - 1  ':::I ""1 ""' "' : :  i . . . . .  .... i' t 1:::l 
2; : ; 1.1 1;;; ;;I;: 1:::: 1:3 :I, ..... ,;: I;;;[ (::I ..... 1:::1 :[ ':I 
,"', ,"' "' "" "' " " "' ":;I *'* 
i:, I l:::1 [:::I 1,,:1 I,,) I I..) I ..,. I I..) k:j ..*I ....# ....I ... 
2::. ,/ 1'..1 [:::I ,,) ':::I ,,,,, ..... ..... I:::; "' ;I, ..... 1:: ;;;.I ';::I ..a+. I:::/ :I, ':I 
,;;:I ""' "' 
I.... I.' 1:::; (21 ]:::I 1:::1 I..) "'1' 1:::1 .;::I ,.I.. 1::: 
: : , : ., ,,,: 1:::: .. .. ... . I.../ l:::~ 1; 1:::' 1:::s $;;; . fa I;::[ - 1  I...[ 1 b.,l ;;;: ;::; 1:;;; /;!I i... i ...... *. ,,, 

c:'j I:;:. I ........... 
I.... I...' ,,> ;,;;; 1:::l " 1  I,,{ 1;;;: I,./ -'::I l".l 1::: ''. . . . . . . . .  I:... 1:::1 *,.,I 1:::l I...l :.,, :I. (::I 1:::t #::;I a,,q. 1:::a a:::# 

,,, .. .,,,a (...I 
;;;: ;;:; ;;;;: 121 1::;; l:::~ '*I" 1:::1 ;;;;: ;;;;; lif;; (21 
; ; 1 ;  1::: 1:::' 1.1 ;:::: I:::' 8 ..I.. '::I I:::; (::I .......... . . . . . . . . . . . . . . . . . . . . .  
I:,,. 1:::1 I:$ [::;I /..:I /,.,I 1 I,,) I;:;; 1;; 1;:1 .'::I ,.. ... 
I :,,, I:,I ...,I I.'.( 1:::s !:::I ::::: I:::' 1:::' ..... '"' "' ." , ,,. I,,) ,,::; 1 1  1:::l 

; 1;; 1 ..,I :I. ::::: .,,I .-I.. ,..,r ;I, ....I . . . . . . . . . . . . . . . .  ;..* I.' k;l [>I 1,  1 I:::, 1:: :I< 1; !I ;;;: ;;;;; ;;;;; l;j ::I I;;;l !I I:::# ' ;  !I l:;l. !I i.,, ti;: :I, 
........ y1 f3 1;::' .--. 

I .... 1::: 1::: . . .  k::1 ll I;:[ !I 1;::' :[ 'i ll 11, !I 1:: :I, ;;;: ;I, !I 1::; :I. 11, ll :I. !I I**. :I. :::I " (:j ,...I I...I I;; 
,.::a ,$ ]*).I 1;;;: ;:,:: I...[ 11, 
':::I tfs (5 121 .,.I ;;;I: ::::: ,,.. 1 ;I. .;I;. I..,l "i' ':::I ,,a' I:::' "::I '1 ;:::a (::I I.... I I.... 1,,,11 ........ 
*::I I;;> I:? \:::I 1:;: '1. I..,[ '*I" 
I.." ..... 
;,: ,:"" '" 

'" ' """"" 
".I ;;::: 1:;;l [.'I 1, 1 I:::, 1:: :I, ' ;  !I ;;;;; #;;;I ::;;; .. '*I -.. 11:::: 

......... .... .. .:::a 1;;) ;:; 1;::1 1:::' 1:::1 1:;: f : ~  " 1  a 1::: 'I' ;:::I 1:::' 1:::1 1:::' I,.j l..l :I: "I" :;::: " !I 1:::' ti:; I , ,.-. $ 1  

... I.... ...... *,"I .......... " j. !I 1 1  I..,: 1.c: I:::, .:::z !I 

2;;: '3 l::I. l;?l .+,I ;I. ::::: 121 ....... 
'::j :; (21 Ej ::::: I..,I :I. 

-'::I I:$ 6:; I:::I '1, 1::' I..,/ 1 ::::: ),,I ':::I " 1  /..I 1:::' I...[ -'::I $::I .:::I &::I I:... . . . . . . . . . .  .. I.... .... - , , ,1 . . . )1. . . , . .  

;;:: 1;l ,;::I (::I 11: 1:::' I...[ :I. ':;, :y;: ;;;;: 1 ;  ti;; -I" l,,,l &:; l..l ;:; 1:::1 I:::! I:::! . . . . . . . . . . . . . . .  
..... ':::";:I I.... f ; ;  1 1  :I: 1:::' I:::/ 1:: 1.1 11. ..k :I, :::;I ::I ::::: J, "I" [...I I:::' .... I..,] :'::; F:i ;:::I i:::l ." ......a*.. 

-:::I I.... 1;;) I;;;! 121 1::;; 1:-:1 "1" j:;~ *'::I 1:::; 1::1, 1;::1 I:... . . . . . . .  
..... .'::I 1:::l l::i (4 '1 I:::' 1:::l 1:: 1.1 :I, ..... ;if;; 1 ;  1 ;  !I ';::I ::I ::::: :I. " 1  /...I 1::' /.,I ::3 !:::I ':::I 1:q ........... ,...I ...... .* .. 



";:' I.'::I 'I I;::I I"" ", " " "8 

a,.) ... . . ,,. ,,:I l,.l 1 I.,) ' i  #::I- 
::::; ;:::I 1:::l J:::l I:;? '1 /.,I 'r ' ' .;I;* .;I;. .;I;. ,;I;, ,;,;. !::; I,,,/ 1:;;; :I: /..+I 1:;; , I  1:;;; pj ,:::I "1.' :I: j:::~ 1'": 1 1  1 1  1:::~ 1 , 1:::' 'r 1:::: -;I: .:I:. -!I: .!I;. .;I;. .:I;. I I a,. .... ... 
1:;;; L l  ;:; I:? (:::l 1:;: ;I; I#.( - 1  ... ... ,,. 

1:; I:? I:? /:::a 1:;;; - 1  
,#. 0" 

:;;; 1;j 1; I--* ("1 I:::' .:::a ,,, 

::J (3 6:; $ ::::: I:::I 1:: ('.,I 1 :I4 ;] ..... 1-1 1:: b.,J ;I, ..... -"" r"' I:::' "" " 

9" ... ,.. ,..' ". ....I '.' 1:::: .:::I a,,) !I !:::I , I  
, . ; I:::' :j, ::::: [::I 1;; 1.4 11, !I ;;;;; ::I ..,,, [::I 1:; 1.4 1. ..... "::I 1:::' "" 

"' " 
I:,., .") :::I !I 1 1  . I  

.*:I I (::I ,,. 1:::1 (::I ,,, 1:::1 .'::I ,,,) ..... ,,,,, i:"~ 1:: I..j :I, !I 1:;;; ::I ...., 11  1:: 1.1 :I, ..... '::I 1:::' "' ""I " 
a:... ....I .."I Y i'. ..I 

:;i.; 63 (::I ,,,j ::::: 1:: 1:::1 1:; )...I ;I !I ; I  ] ,ili. 1::s [: I../ :I, ....a 2 5 5 fiii; ;:I ..... I:; 1:::1 1:: 1 . 1  ;[ !I :I, :;I .;I;. 1:::1 1:: I.../ j, ..... ':::I 1:::' i:::' '"# " ' 
.., .. ,,, I ,... . . . I  ....I !I I:::# . I  .:; 

1::; :j, lifi1 8 '1 I:::' I:::[ [: I n . 4  11, fiii; 5 E; ::I ::::: I:::[ I.,/ :1::1 1:::1 1:: I..,( :I, ..... ;it: 2; 5 &; ::I ::::: lifil " 1  I.../ 1:::' )...I I:::' 11;:i I:::I I:::I ,... .... ,,. ... 
*'::I :I. 11, 113 ;I: 1:::' [::I [: 1.4 :I, ..... *:::I ,.,, " ,,.) :'"' ,,,) "7 I' " ,,I ::::: "... :I, " 1  1...1 1;: I..,[ ':::I I::> 1::i i::1 

""""-' #:; '". ." I.". .. *. ,.. 
::::I . .... ,., ,,:I I,.) I I,.) .,., ,,,I #,::I k:l 
:;;; J ;:; (.I.( .I ::::; ('.,I :I, .,,.. .'**I 1::. .'.. ". .., . , L:, e.. > (::a 

J : 6:: 1:::' ::::: I:::] 1:: PI :I fiiii ::I ..,.. 1:::1 1:: 11 :I, ..I.. 11. 
"" " 

!I \::I . I  
1 : j ( 1  :I, ::::: [::I 1:: 11 :I, ::I ...., I:::I 1:: PI J ..I.. :I, ,,. .. 

!I 1 1  . I  
.'::I 1. $1; I:::I I:::' *'::I vvv.. 1:::1 1:: 11 :I, 

';::I 3 ,,.., [::I 1:: 1'1'1 J ..I. 11, ""I " 
.".t ... ... ..., I "'.. !I i'. ..I .-I , : -.I 1 a's , , ,I ::::: I:: (::I 1;: (.I.l :I, !I If; :] .;I:. [::I 1:: 1.1.1 :I. ..I.. 11. !I "::' ::I "I ..... I:: I:::I 1:: 11. !I 1 ;  :I 4; (::I 1:: 1.1 :I, ..I.. 11, !I ti; ::I ::i *,"I .* 

:Zi; :3 C::l .,, '1 . . I:::' [::I 1:: :I, ..I.. :I, 1 ;  ] ::::: 113 /:::I 1..1 '11 F:l 1:: !I*( 11, ..I.. 11. !I liff; ::I ::::: I:> " 1  I...I I:::' I.,] ;:::I 1:3 I:::! (iii 
I,.. .... .. ,.. 

:I:! :[ (3 11: I:::' F:i [: PI :I, ..I.. 11, ';::I ] "... :[ " 1  k,.l E: k,.l .:::I '::;I l:::~ 
C ..,., ...... 

C: ii; 1;:) 1. y;:: f::~ 1:: (.I.l ;Iq ';::I 

)... ,.I, ,* .- .., ,, .. ... J 
..::: i::: :I. I:. I", l,.l 1 I..) ;I2 1 ;  1::l. $3 ,::I ,". ,"' '" 

,?? l$j :;:;; -.r 1;::1 I:::' 



a:::, 1::: 1::: 1;: '.( 

: : . . . . . , . . . .:I:. 1"': ]:::] I..[ "j" :I, ,,,) ( ,:::I .;<. ' ' ... 

;;;;; 1::: 1.;:: 1;;:; a 1 ;  'I' ... 
4 

.;;is 1:::: 1:::i t.,l .'y .:::a :I, .;::I g j  ,;I;. I.. . .  

a:::; 1::: 1.::; 1;;:: '..nu ,:::' 
1 ,,.a 

.;e. 1:::: I:-:/ 1 . 1  "1'' ;I. 1,::; t::; /:::I .;c. 
,,$ ... .,. 

I..'. 1::: 1.::: I:::' ;, ,I ,"'I 
,:::I .... I I:::I 

.;I;. 1:;;: 1;;:1 [...I "1' .:::I ,q. ,j. (j I.... 



Appendix B 

PROGRAM ALGORITHM 

The key s t e p s  i n  t h e  program a r e  o u t l i n e d  t o  provide  under- 
s t a n d i n g  of  t h e  mathematical  a lgor i thm.  Th i s  is  inc luded  t o  h e l p  
those  t h a t  may want t o  apply  t h i s  technique us ing  smal l  computers 
t h a t  a r e  n o t  programable i n  ASCII BASIC. 

Th i s  a lgor i thm can be b r i e f l y  desc r ibed  a s  r e l a t i n g  so lved  
h o r i z o n t a l  and v e r t i c a l  a n g l e s  from con tour  map i n p u t  d a t a  t o  a 
p l o t t e d  diagram where t h e  viewing p o i n t  i s  a f i x e d  d i s t a n c e  from 
t h e  diagram. Th i s  d i s t a n c e ,  though v a r i a b l e ,  i s  s e t  a t  18  inches  
f o r  t h i s  example. 

1. Tape base  map t o  d i g i t i z e r .  

2. Program t h e  p l o t t e r  t o  mark a p o i n t  nea r  t h e  c e  ter of 
t h e  s h e e t  f o r  t h e  h o r i z o n t a l  l i n e  of  s i g h t  ( a  4 mark 
i s  used f o r  t h i s  i n  t h e  p r e s e n t  program).  With a l i m i t e d  
p l o t  s i z e ,  t h e  mark should be n e a r e r  t o  t h e  bottom of t h e  
p l o t  i f  t h e  p l o t t e d  t e r r a i n  i s  a t  a h igher  e l e v a t i o n  than 
t h e  viewing p o i n t ,  and v i s a  ve r sa .  

3 .  Ente r  and s t o r e :  H (map s c a l e  i n  f e e t / i n c h ) .  

4 .  En te r  and s t o r e :  K (tree h e i g h t  i n  f e e t ) .  

5. En te r  and s t o r e :  D i g i t i z e d  c o o r d i n a t e s  of  t h e  viewing 
p o i n t  X 1  and Y l  (see f i g .  7 ) .  

6 .  En te r  and s t o r e :  E leva t ion  i n  f e e t  of  t h e  viewing 
p o i n t  2 1 .  

7 .  Mark an i n t i a l  p o i n t  where a contour  l i n e  c r o s s e s  t h e  
u n i t  boundary. 

8. En te r  and s t o r e :  D i g i t i z e d  c o o r d i n a t e s  of  t h e  i n i t i a l  
p o i n t  X2 and Y2 ( s e e  f i g .  7 ) .  

9 .  En te r  and s t o r e :  E leva t ion  of i n i t i a l  p o i n t  2 2 .  

(COMPUTER NOW CALCULATES PLOT COORDINATES FOR THIS INITIAL POINT 
BY THE FOLLOWING PROCESS.) 

I .  C a l c u l a t e  h o r i z o n t a l  d i s t a n c e  from v i e w p o i n t  t o  
i n i t i a l  p o i n t .  

a .  X = X2 - X I ,  

D l  = t r u e  d i s t a n c e  i n  f e e t  from v i e w p o i n t  t o  
i n i t i a l  p o i n t .  

I I .  CaZcuZate az imuth  ang le  from v i e w p o i n t  t o  i n i + i a z  p o i n t .  

a .  A1 = a r c  t a n  Y/X. 

I I I .  a .  2  = 22 - 21, 
b .  F = 18 Z / D I ,  

F = v e r t i c a l  p l o t  i n  i n c h e s  from h o r i z o n t a l  r e f e r e n c e  
t o  t h e  ground Zine a t  t h e  i n i t i a l  p o i n t ,  and 

F I  = v e r t i c a l  p l o t  i n  i n c h e s  from hor izontaZ r e f e r e n c e  
t o  t r e e  t o p  a t  i n i t i a l  p o i n t .  

The F and F1 v a l u e s  can be d e r i v e d  from propor t iona l  
t r i a n g l e s ,  i .  e . ,  



Map taped to digitizer -J 

Initial point (coordinates X2 and Y2 elevation 22) 
Next point (coordinates X3 and Y3 elevation 23) -7-, 

Pro~osed cuttina unit boundarv t 

Horiz 

- 
Contour 

:ontal distan 

/ Horizontal distance = D7 

-Viewing point (coordinates X I  and Y' 1 elevation Z1) 

X Axis (digitizer coordinates) 
Figure 7.--Base map geometry. 

Z true elevation difference 4 2  Dl 

true horizontal distance (viewpoint) t o  i n i t i a l  point) 
and 

A 3- 
18 inches 4 

= plot distance above horizontaZ 
Zine of sight 

viewer distance from plot diagram and likewise for Fir value. 



I .  To p l o t  t h e s e  c a l c u l a t e d  v a l u e s  for  t h e  i n i t i a l  p o i n t :  

a .  O r i g i n  must be s e t  a t  h o r i z o n t a l  l i n e  o f  s i t e  mark. 

X 

X plot coordinate = 0.00 
Y plot coordinate = 0.00 

b .  The fo l l owing  p l o t  commands are  needed: 

(LIFT P E N )  

PLOT 0 (x coord .  ), F (y coord .  ), 

(which  p l o t s  t o  base  o f  t r e e  a t  i n i t i a l  p o i n t ) ,  

PLOT 0, F Z ,  

( p l o t s  t o  t o p  o f  t r e e  a t  i n i t i a l  p o i n t ) ,  

PLOT 0, F ,  

( r e t u r n s  p l o t t e r  t o  base  o f  t r e e ) .  

10. Input additional data needed to generate plot for the point 
adjacent to the initial point (see fig. 7). 

11. Enter and store: Digitized coordinates of the next point 
X3 and Y3. 

12. Enter and store: Elevation of next point 23. 

(COMPUTER NOW CALCULATES PLOT COORDINATES FOR THE NEXT POINT BY 
THE FOLLOWING PROCESS.) 

I. C a l c u l a t e  d i s t a n c e  from v i ew ing  p o i n t  t o  second p o i n t :  

a .  X7 = X3 - X I ,  

b .  Y7 = Y3 - Y I ,  

c .  D7 = 1 x 7 ~  + Y ~ ~ ) ~ / ~ H ,  

07 = t r u e  d i s t a n c e  i n  f e e t  from v iewing  p o i n t  t o  
second p o i n t .  

I I .  CaZcuZate a z imu th  ang le  from v i e w p o i n t  t o  second p o i n t :  

a .  A7 = a r c  t a n  Y7/X7. 

I I I .  C a l c u l a t e  a z imu th  ang le  d i f f e r e n c e  between i n i t i a l  p o i n t  
and second p o i n t :  

a .  A 8  = A1 - A 7 .  

IV. C a l c u l a t e  t fx t f  va lue  t o  be p l o t t e d :  

a .  W = 1 8  t a n  A8, 
w = r r X  rt v a l u e  t o  be p l o t t e d .  



(based on triangular r e  Zations hip)  

viewpoint 
second point 

V. CaZcuZate "y"  v a l u e s  t o  be p l o t t e d :  

a .  V8 = a r c  t a n  27/07,  

and 

V9 = a r c  t a n  (27  + K ) / D 7 .  

b .  G = ( w 2  + 1 8 2 ) 1 / 2 ,  

G = h o r i z o n t a l  d i s t a n c e  from e y e  t o  "x" p r o j e c t i o n  
o f  second p l o t t e d  p o i n t .  

c .  LI = G t a n  V8, 

L l  = "y"  c o o r d i n a t e  t o  p l o t  f o r  b a s e  o f  t r e e ,  and 

L2 = G t a n  V 9 ,  

L2 = " y u  c o o r d i n a t e  t o  p l o t  f o r  t o p  o f  t r e e .  

I .  To p l o t  t h e  v a l u e s  now c a l c u l a t e d  f o r  t h e  second  p o i n t ,  
t h e  foZZowing p l o t  commands a r e  n e e d e d :  

(Pen down t o  draw l i n e  from i n i t i a l  p o i n t  t o  
second p o i n t ) ,  

PLOT W (x c o o r d .  ), L1 (y c o o r d .  ) 

( w h i c h  p l o t s  t o  b a s e  o f  t r e e  a t  second p o i n t ) ,  

PLOT W ,  L2 

( p l o t s  t o  t o p  o f  t r e e  a t  second p o i n t ) ,  

PLOT W ,  LI 

( r e t u r n s  p l o t t e r  t o  b a s e  o f  t r e e ) .  
................................................................ 

I 

13. Repeat s t e p s  10 through 1 2  f o r  each a d d i t i o n a l  p o i n t  r equ i red .  

I f  s e v e r a l  c l e a r c u t  u n i t s  and r i d g e t o p s  a r e  p l o t t e d  from one 
viewing p o i n t ,  it is d e s i r a b l e  t o  l i f t  t h e  p l o t t e r ' s  pen through 
program c o n t r o l  o r  manually a s  it p l o t s  from one u n i t  t o  t h e  nex t .  

Most desk-top systems can be  programed t o  au tomat ica l ly  ca lcu-  
l a t e  t h e  e l e v a t i o n  a t  each p l o t t e d  p o i n t  except  f o r  t h e  i n i t i a l  
one. Th i s  t i m e  sav ing  modi f i ca t ion  r e q u i r e s  e n t e r i n g  and s t o r i n g  
t h e  contour  l i n e  i n t e r v a l  i n  f e e t  and a r rang ing  a  technique t o  
s i g n a l  t h e  program f o r  p l o t t i n g  downhil l  (decr iment ing e l e v a t i o n ) ,  
u p h i l l  ( increment ing e l e v a t i o n ) ,  o r  l e v e l  (holding e l e v a t i o n  
c o n s t a n t ) .  

GPO 986-501 



The mission of the PACIFIC NORTHWES 
AND RANGE EXPERIMENT STATION is to  
knowledge, technology, and alternatives for I 
future protection, management, and use of forest 
related environments. I 

Within this overall mission, the Station ct 
stimulates research to facilitate and 1 to acceler, 
toward the following goals: 

1. Providing safe and efficient technology fa 
protection, and use of resources. 

2. Developing and evaluating alternative n 
levels of resource management. 1 I 

I 

3. Achieving optimum sustained' resource 
consistent with maintaining a high qu 
environment. 

The area of research encompasses Oregon, 
Alaska, and, in some cases, California, Hawaii, 
States, and the Nation. Results of the researc 
available promptly. Project headquarters are at: 

Fairbanks, Alaska portland, Oregon 
Juneau, Alaska 0lympik, Washingt. 
Bend, Oregon Seattle,washingtol 
Corvallis, Oregon Wenatchee, Washii 
La Grande, Oregon 

Mailing address: Pacific Northwest Forest and R 
Experiment Station 

P.O. Box 3141 
Portland, Oregon 97208 
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