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INTRODUCTION 

The Nor theas tern  Fores t  Experiment S ta t ion  and t h e  Department o f  C i v i l  
Engineering a t  West Vi rg in ia  Unive r s i ty  a r e  cooperating i n  t h e  development of 
a Mapping and Analys is  Program, t o  be named MAP. The goal  of t h i s  computer 
software package is t o  s i g n i f i c a n t l y  improve t h e  planning and h a r v e s t  ef f i- 
ciency of small t o  moderately s i z e d  ha rves t  u n i t s  loca ted  i n  mountainous 
t e r r a i n .  The sof tware  package is  t o  be implemented on t h e  Experiment ~ t - a t i o n ' s  
Hewlett-Packard 9845 computer system. 

The b a s i c  philosophy behind t h e  development of t h e  s u b j e c t  so f tware  
package i s  t o  produce a use r  f r i e n d l y  system t h a t  w i l l  no t  only  be  e a s y  t o  
ope ra te  by h a r v e s t  p lanners ,  wi th  few computer s k i l l s ,  bu t  w i l l  u t i l i z e  inpu t  
d a t a  t h a t  is r e l a t i v e l y  simple'  t o  acqui re .  The b a s i s  of. t h e  s o f t w a r e  system 
i s  t o  be a Geographic Lnformation % s t e m  (GIs) a s  descr ibed  i n  (1). The most 
important component i s  a Tr iangula ted  Lr regu la r  Network (TIN) d i g i t a l  t e r r a i n  
model. The TIN i s  t o  b e  generated automat ica l ly  us ing  many of t h e  so f tware  
f e a t u r e s  described i n  (1). A major d i f f e r e n c e  w i l l  b e  t h e  u s e  of f i e l d  
survey d a t a  ins t ead  of e x i s t i n g  contour maps. 

Severa l  t e r r a i n  modeling systems a r e  a v a i l a b l e  t o  t h e  Fores t  Se rv ice  f o r  
planning and management purposes. Examples a r e  t h e  TOPAS (Topographic Analysis  
System), DTIS ( D i g i t a l  Te r ra in  Information System), MOSAIC (Method of Scenic 
A l t e r n a t i v e  Impacts by Computer) ( 2 ) ;  and LANDFORM (Land Analys is  and Display 
f o r  Mining) (3). Each of t h e s e  systems u t i l i z e  d i g i t a l  t e r r a i n  models i n  
t h e  form of a r e g u l a r  o r  i r r e g u l a r  network of X-Y coordina tes  w i t h  ass igned 
e levat ions .  Although based on a n  i r r e g u l a r  network t e r r a i n  model, t h e  MAP 
system is intended t o  b e  more comprehensive i n  i ts  a n a l y s i s  c a p a b i l i t y .  Unlike 
o ther  modeling systems, MAP w i l l  n o t  be  l imi ted  i n  t h e  t y p e  of d a t a  t h a t  can 
b e  input .  In a d d i t i o n  t o  t e r r a i n  information,  any s p a t i a l ,  l i n e a r  o r  po in t  
da ta  can b e  inpu t  us ing  a s i m p l i f i e d  surveying technique. The uniqueness of 
t h e  MAP system i s  t h e  use of s imple f i e l d  survey procedures r e q u i r i n g  only a 
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compass, clinometer and tape .  I n  s p i t e  of s i m p l i c i t y ,  t h e  a n a l y s i s  c a p a b i l i t y  
of t h e  system has t h e  p o t e n t i a l  t o  b e  b road ly  appl ied i n  h a r v e s t  p lanning .  
The method of MAP d a t a  base  c o n s t r u c t i o n  and i t s  a p p l i c a t i o n  a r e  d i scussed  i n  
t h e  fo l lowing  sec t ions .  

DATA BASE CONSTRUCTION 

Data is  input  t o  MAP from f i e l d  coding forms t h a t  a r e  completed dur ing  a 
comprehensive survey of t h e  h a r v e s t  u n i t .  The MAP d a t a  i n p u t  so f tware  is  
des igned  t o  u t i l i z e  a s i m p l i f i e d  form of survey  information based on u s e  of a 
su rvey  compass, t ape ,  and c l inometer ,  The e n t i r e  f i e l d  survey  of t h e  u n i t  
relies on a sys temat ic  ga the r ing  of a s e r i e s  of bear ing ,  d i s t a n c e ,  and percent  
s l o p e  measurements. These s e r i e s  of measurements a r e  c a l l e d  a " t raverse" .  
While conducting a t r a v e r s e  t h e  surveyor  i s  provided wi th  o p t i o n s  of ga ther ing  
a d d i t i o n a l  information r e l a t i n g  t o  a r e a  a t t r i b u t e s ,  l i n e  o r  boundary types ,  
and p o i n t  o r  s t a t i o n  c l a s s i f i c a t i o n s .  Area a t t r i b u t e s  might denote  t h e  
i n t e r i o r  of the ha rves t  u n i t  as d i f f e r e n t i a t e d  from a r e a s  e x t e r n a l  t o  t h e  
h a r v e s t  u n i t ;  o r ,  a r e a  a t t r i b u t e s  might be  assigned according t o  f o r e s t  types 
o r  environmental ly  s e n s i t i v e  a r e a s  w i t h i n  t h e  harves t  u n i t .  L ine  o r  boundary 
informat ion  can be ass igned  along a t r a v e r s e  t o  i d e n t i f y  l i n e a r  f e a t u r e s  
w i t h i n  t h e  d a t a  base such as s k i d  t rai ls  o r  a r e a  c l a s s i f i c a t i o n  boundaries .  
The remaining p o s s i b i l i t y  i s  a need t o  i d e n t i f y  poin ts  o r  s t a t i o n s  such as 
p o t e n t i a l  l andings  and t a i l h o l d s .  The fo l lowing  paragraphs i l l u s t r a t e  t h e  
s t r u c t u r e  of t h i s  d a t a  b a s e  and i t s  c o n s t r u c t i o n  methodology. 

T rave r ses  

The MAP d a t a  base s t r u c t u r e  o r i g i n a t e s  as a sys temat ic  survey  of t h e  
h a r v e s t  u n i t .  Most b a s i c a l l y ,  a l l  map-type d a t a  can b e  c l a s s i f i e d  as area, 
l i n e ,  o r  po in t  da ta .  A s e r i e s  of planned survey t r a v e r s e s  can  p rov ide  each 
of t h e s e  d a t a  types,  a s  needed, t o  f u l l y  map t h e  a r e a  of i n t e r e s t .  The survey 
t r a v e r s e  is  defined a s  a series of  b e a r i n g ,  d i s t ance ,  and p e r c e n t  s l o p e  
measurements connecting a beginning  s t a t i o n  wi th  an  ending s t a t i o n .  The 
t r a v e r s e  can be appl ied  i n  any one of s e v e r a l  d i f f e r e n t  ways as i l l u s t r a t e d  i n  
F i g u r e  1. 

The t r a v e r s e  must begin  a t  a s t a t i o n  and proceed t o  t h e  n e x t  s t a t i o n  i n  
t h e  t r a v e r s e  by s p e c i f i c a t i o n  of a bea r ing ,  d i s t ance ,  and p e r c e n t  s lope .  A s  
i l l u s t r a t e d  i n  F igure  2 ,  t h e  bea r ing  can b e  given a s  azimuth (0-360° clockwise 
from magnetic nor th)  o r  a s  bea r ing  from t h e  north-south mer id i an  (0-90°) i n  
one of  t h e  f o u r  quadrants.  D i s t ance  i s  measured a s  s lope  d i s t a n c e  a long  t h e  
b e a r i n g  t o  t h e  next  s t a t i o n .  S lope  i s  s p e c i f i e d  as a p o s i t i v e  o r  n e g a t i v e  
v a l u e  i n  percent ,  as appropr i a t e .  The s t a t i o n s  a r e  connected by " l i nks"  and 
t h e  l i n k s  a r e  joined end-to-end i n  a s e q u e n t i a l  s t r i n g  u n t i l  t h e  t r a v e r s e  
c l o s e s  on i t s e l f ,  or  i s  ended. Each s t a t i o n  i s  i d e n t i f i e d  by a unique number 
d u r i n g  t h e  survey t r a v e r s e .  Link numbers a r e  assigned a u t o m a t i c a l l y  dur ing  
computer processing of t h e  da t a .  

Regardless  of t h e  intended f u n c t i o n  of t h e  t r a v e r s e ,  l i n e  and p o i n t  
a t t r i b u t e  d a t a  can be  ass igned  t o  each l i n k  and s t a t i o n ,  r e s p e c t i v e l y .  The 
r u l e s  governing t h e  completion of a t r a v e r s e  a r e  minimal and can  b e  l i s t e d  as 
f o l l o w s  : 

1. A t r a v e r s e  can be  c losed ,  bu t  on ly  t o  i t s  beginning s t a t i o n .  
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2 .  A t r a v e r s e  can sha re  s t a t i o n s  and l i n k s  wi th  o ther  t r a v e r s e s  a s  long 

.- + 
a s  t h e  o r i g i n a l  s t a t i o n  numbers remain unique and unchanged. ,- 

'F- I 
3 .  The numbering of new s t a t i o n s  must be sequen t i a l .  >Q -..- , ., 
4. A t r a v e r s e  must c o n s i s t  of a continuous chain of l i n k s  r e s u l t i n g  from 

- 
t h e  bear ing ,  d i s t ance  and s lope  measurements taken from one s t a t i o n  
t o  t h e  nex t .  

5. A t r a v e r s e  cannot c r o s s  i t s e l f  o r  con ta in  a repeated s t a t i o n  number. 
(Exception: t h e  beginning and ending s t a t i o n  number must be  i d e n t i c a l  
i n  a c losed  t r ave r se ) .  

6. To maintain d a t a  base connect iv i ty ,  each ind iv idua l  t r a v e r s e  must 
sha re  a t  l e a s t  one s t a t i o n  wi th  another  t r a v e r s e  w i t h i n  t h e  d a t a  base. 

As shown i n  Figure  1, t r a v e r s e s  g e n e r a l l y  perform one of t h r e e  func t ions .  
They enclose  a r e a s ,  r ep resen t  l i n e a r  f e a t u r e s ,  o r  serve  t o  connect two e x i s t i n g  
t r a v e r s e s .  Also, any of t h e  t h r e e  types  c l a s s i f i e d  by Figure 1 can b e  used t o  
l o c a t e  po in t  information.  Each of t h e s e  t r a v e r s e  types  a r e  d iscussed  i n  more 
d e t a i l  below. 

Closed Traverses 

A closed  t r a v e r s e  conta ins  a minimum of t h r e e  l i n k s  (3  s t a t i o n s )  and must 
c l o s e  t o  t h e  beginning s t a t i o n  without  c r o s s i n g  i t s e l f .  A s  shown i n  Figure  1 
t h e  t r a v e r s e  can be  closed i n  a clockwise o r  counter  clockwise d i r e c t i o n .  I n  
gene ra l ,  t h e  purpose of a closed t r a v e r s e  is  t o  bound an a r e a  t h a t  h a s  unique 
a t t r i b u t e s .  Therefore,  an a r e a  a t t r i b u t e  assignment i s  o f t e n  made w i t h  r e spec t  
t o  each closed t r a v e r s e  a s  shown i n  Figure  3 .  Since each t r a v e r s e  c l o s e s  i n  a 
clockwise o r  counter  clockwise d i r e c t i o n ,  t h e  i n s i d e  and ou t s ide  a r e a s  of t h e  
t r a v e r s e  a r e  i d e n t i f i e d  and t h e  a r e a  a t t r T b u t e  assignment can be a s soc ia t ed  
with t h e  enclosed a rea .  

Each l i n k  and/or  s t a t i o n  around t h e  t r a v e r s e  can be assigned a t t r i b u t e s .  
Logica l ly ,  l i n k s  are assigned l i n e  o r  boundary a t t r i b u t e s ,  and s t a t i o n s  a r e  
assigned node o r  p o i n t  a t t r i b u t e s .  S t a t i o n s  a r e  assigned unique i d e n t i f i c a -  
t i o n  numbers, i n  s e q u e n t i a l  ascending o rde r ,  a t  t h e  time of t h e  survey. No 
l i n k  i d e n t i f i c a t i o n  numbers a r e  assigned s i n c e  each l i n k  can b e  i d e n t i f i e d  
by i t s  beginning and ending s t a t i o n  number. The a t t r i b u t e  codes, i f  assigned,  
a r e  i n  a d d i t i o n  t o  t h e  i d e n t i f i c a t i o n  numbers. 

~ l o s g d  t r a v e r s e s  can ad jo in  one another  a s  shown i n  Figure  3 o r  they  may 
over lap  one another  a s  shown i n  Figure 4. Area a t t r i b u t e  assignments a r e  made 
s e p a r a t e l y  f o r  each closed t r ave r se .  Overlapping closed t r a v e r s e s  s h a r e  a 
po r t ion  of t h e  same a r e a ,  and t h e r e f o r e ,  t h a t  shared a rea  has  more than  one 
a t t r i b u t e  assigned t o  it. Areas of shared a t t r i b r r t e s  a r e  ass igned automat ica l ly  
by t h e  coapater  software. 

A spec ia l i zed  subse t  of closed t r a v e r s e s  i s  defined t o  permit a c q u i s i t i o n  
of t e r r a i n  da ta .  Th i s  l a t t e r  type  of t r a v e r s e  i s  ca l l ed  a DTM ( D i g i t a l  
Te r ra in  Model) t r ave r se .  The s o l e  purpose of t h e  Dm1 t r a v e r s e  is t o  c r e a t e  a 
r e l a t i v e l y  uniform a r r a y  of coordinate-elevat ion po in t s  t h a t  s e rve  a s  t h e  
foundation of t h e  MAP da ta  base s t r u c t u r e .  A s  i l l u s t r a t e d  i n  F igure  5, t h e  
t r a v e r s e s  a r e  of an  approximate elongated r ec tangu la r  form. They a r e  used i n  
mul t ip l e s ,  a l igned t o  a common d i r e c t i o n ,  a s  requi red  t o  f u l l y  cover t h e  map 
a r e a  f o r  which t h e  t o t a l  d a t a  base  is t o  be constructed.  Each elongated 
r e c t a n g l e  is  c losed  t o  i ts  beginning s t a t i o n  such t h a t  s t a t i o n  spacings ,  Ax 
and Ay, a r e  on t h e  average, approximately equal .  I d e a l l y ,  a r ec tangu la r  
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g r i d  of s t a t i o n s  spaced e q u a l l y  i n  Ax and Ay would r e s u l t .  However, t h e  survey -- b .  

.. . 

t echnique  used does n o t  permit this l e v e l  of  c o n t r o l .  Since a t r i a n g u l a t e d  ?, 

. . 

i r r e g u l a r  network (TIN) is  used t o  i n t e rconnec t  t h e  coord ina te-e leva t ion  
p o i n t s ,  p e r f e c t  c o n t r o l  of Ax and Ay i s  n o t  r equ i r ed .  A DTM t r a v e r s e  i s  
in tended  s o l e l y  t o  c o n s t r u c t  t h e  d i g i t a l  t e r r a i n  model, and t h e r e f o r e ,  i s  not  
ass igned  a t t r i b u t e s .  Other t han  t h i s  l i m i t a t i o n ,  a l l  o t h e r  r u l e s  r ega rd ing  
c losed  t r a v e r s e s  apply .  

Open Traverses  

Closed t r a v e r s e s  a r e  f o r  t h e  purpose o f  enc los ing  a r e a s  o r  e s t a b l i s h i n g  
t h e  d i g i t a l  t e r r a i n  model. Although each l i n k  i n  a c losed  traverse can be  
ass igned  a t t r i b u t e s ,  l i n e  informat ion  is  in tended  t o  be  obta ined  by u s e  of an  
open t r a v e r s e  (F igure  1). As b e f i t s  its name, an  open t r a v e r s e  does n o t  
enc lose  an  a rea .  It i s  a s e r i e s  of bear ing ,  d i s t a n c e  and s l o p e  measurements 
connect ing a s e q u e n t i a l  s e t  of s t a t i o n s  a long  a l i n e a r  f e a t u r e .  The t r a v e r s e  
cannot c r o s s  i t s e l f ,  b u t  may c r o s s  o t h e r  t r a v e r s e s .  Each open t r a v e r s e  can be 
ass igned  a l i n e  a t t r i b u t e  common t o  a l l  l i n k s  i n  t h a t  t r a v e r s e  o r  a t t r i b u t e s  
can b e  assigned t o  t h e  l i n k s  ind iv idua l ly .  The s t a t i o n s  i n  t h e  t r a v e r s e  can 
be a s s igned  po in t  a t t r i b u t e s  as before.  The beginning and ending s t a t i o n s  i n  
an open t r a v e r s e  do n o t  have t o  b e  common t o  ano the r  t r a v e r s e  as long  as one of 
remaining s t a t i o n s  i s  a common s t a t i o n .  But it  i s  pe rmis s ib l e  t o  beg in  and end 
an open t r a v e r s e  a t  s t a t i o n s  common t o  ano the r  t r a v e r s e  ( a s  shown i n  F igu re  6 ) .  
It may even begin and end at t h e  same s t a t i o n .  I n  t h i s  l a t t e r  c a s e  t h e  open '  
t r a v e r s e  becomes a c losed  t r a v e r s e ,  b u t  wi thout  s p e c i f i c q f i o n  of  a c l o s u r e  
d i r e c t i o n  o r  assignment of an  a r e a  a t t r i b u t e .  

Link Traverses  

Link t r a v e r s e s  a r e  a s p e c i a l  a p p l i c a t i o n  of open t r a v e r s e s  f o r  t h e  purpose 
of connec t iv i ty  and l o c a t i o n  of po in t  d a t a .  It i s  n o t  always convenient  f o r  a 
t r a v e r s e  t o  s h a r e  one o r  more of i t s  s t a t i o n s  w i t h  another  t r a v e r s e  t o  provide 
connec t iv i ty .  I n  l i e u  of t h i s  d i r e c t  c o n n e c t i v i t y ,  two t r a v e r s e s  may be  
i n d i r e c t l y  connected by a t h i r d  open t r a v e r s e ,  c a l l e d  a l i n k  t r a v e r s e  ( s ee  
F i g u r e  7 ) .  A l i n k  t r a v e r s e  i s  an open t r a v e r s e  used under more cons t r a ined  
cond i t i ons .  S p e c i f i c a l l y ,  t h e  beginning s t a t i o n  of t h e  l i n k  t r a v e r s e  i s  shared 
w i t h  one of t he  two t raverses . ,  and t h e  ending s t a t i o n  i s  sha red  w i t h  t h e  
remaining t r a v e r s e .  As shown i n  F igu re  7 ,  t h e  l i n k  t r a v e r s e  c a n  a l s o  b e  used 
t o  l i n k  a, s i n g l e  f ree-s tanding  s t a t i o n ,  of important  a t t r i b u t e ,  t o  one of t h e  
t r a v e r s e s  w i th in  t h e  d a t a  base.  Examples of s i n g l e  s t a t i o n  d a t a  i n c l u d e  
l and ings ,  t a i l h o l d s  and bench marks. Although t h e  l i n k  t r a v e r s e  a p p l i c a t i o n  
can i n c l u d e  l i n k  a t t r i b u t e  and po in t  a t t r i b u t e  assignments ,  as w i t h  any open 
t r a v e r s e ,  t h e r e  i s  l i t t l e  po in t  i n  u s ing  t h e  " l ink"  l a b e l  u n l e s s  t h e  t r a v e r s e  
is  p r i m a r i l y  s e r v i n g  a "l inking" func t ion .  I f  t h e  t r a v e r s e  i s  performing 
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m u l t i p l e  func t ions ,  t hen  i t  would be more a p t l y  c a l l e d  an  open t r a v e r s e .  

Data Base Example 

To i l l u s t r a t e  t h e  a p p l i c a t i o n  of t h e  proposed MAP so f tware  system, an  
example i s  presented .  As  shown i n  F igu re  9,  t h e  f i e l d  d a t a  a c q u i s i t i o n  format 
is  r e l a t i v e l y  s imple  due t o  a common format  f o r  a l l  t r a v e r s e s ,  r e g a r d l e s s  of 
t h e i r  purpose. The d a t a  a c q u i s i t i o n  form i s  d iv ided  i n t o  two p a r t s .  The 
l e f t  s i d e  of t h e  form records  information p e r t a i n i n g  t o  s t a t i o n s ,  wh i l e  t h e  
r i g h t  s i d e  records  l i n k  information.  The l i n e s  a r e  s taggered  t o  emphasize 



Figure 8. Example Harvest Unit Data Base 

Tr iangula ted  I r r e g u l a r  Network (TIN)  DTM 

t ed  



t h e  s e r i a l  s t a t i o n - l i n k - s t a t i o n  order  of d a t a  a c q u i s i t i o n .  

Since a t r a v e r s e  must b e g i n  o r  end a t  a s t a t i o n ,  t h e  s t a t i o n  l i n e  begins  
wi th  t h e  t r a v e r s e  beginning o r  ending code, B o r  E. The next  e n t r y  on t h e  
same l i n e  l a b e l s  t h e  t r a v e r s e  t y p e  a s  DTM, c losed ,  open o r  l i n k .  Following 
the  t r a v e r s e  type  is  t h e  s t a t i o n  number. Although t h e  s t a t i o n  numbers need n o t  
be s e q u e n t i a l  along a g iven  t r a v e r s e ,  they must b e  s e q u e n t i a l l y  ass igned  t o  
each new s t a t i o n  wi thou t  sk ipp ing  numbers. S t a t i o n  a t t r i b u t e  codes a r e  en t e red  
nex t ,  followed by t h e  area a t t r i b u t e .  The a r e a  a t t r i b u t e  is  requ i r ed  a t  t h e  
f i r s t  s t a t i o n  of a c losed  t r a v e r s e .  The l i n k  l i n e  i s  between and t o  t h e  r i g h t  
of s e q u e n t i a l  s t a t i o n  l i n e s ,  s i n c e  t h i s  in format ion  must b e  e n t e r e d  i n  tra- 
ve r s ing  from one s t a t i o n  t o  t h e  next .  The quadrant number i s  en te red  only  i f  
bea r ings  a r e  measured with r e s p e c t  t o  t h e  north-south mer id ian .  Following 
t h e  bear ing ,  d i s t a n c e  and then  s lope  are entered .  Las t ly ,  l i n k  a t t r i b u t e s  a r e  
en t e red .  This  p roces s  i s  cont inued u n t i l  t h e  t r a v e r s e  c l o s e s  o r  i s  te rmina ted  
at t h e  ending s t a t i o n .  

To i l l u s t r a t e  t h e  u s e  of t h e  d a t a  a c q u i s i t i o n  form, t h e  example h a r v e s t  
u n i t  survey shown i n  F i g u r e  8 i s  coded i n  F igu re  9. To p r o p e r l y  survey a 
f o r e s t  ha rves t  u n i t ,  t h e  t o t a l  d a t a  base  a r e a  must be bounded s o  t h a t  t h e  
d i g i t a l  t e r r a i n  model (DTM) can be  cons t ruc ted  covering t h i s  a r e a .  The DTM 
t r a v e r s e s  a r e  r equ i r ed  t o  f u l l y  cover t h e  s tudy a r e a  so t h a t  a l l  o t h e r  
t r a v e r s e s  l i e  on o r  w i t h i n  t h e  ou te r  limits of t h e  t e r r a i n  model. The DTM 
t r a v e r s e s  a r e  completed f i r s t .  A s  shown i n  F igure  8, t h e  f i r s t  DTM t r a v e r s e  
i s  completed us ing  10  s t a t i o n s .  Table 1 summarizes t h e  s t a t i o n  sequences f o r  
each t r a v e r s e .  I n  F i g u r e  9 i t  w i l l  b e  noted t h a t  a p o s s i b l e  t a i l h o l d  l o c a t i o n  
i s  coded a t  s t a t i o n  4 by t h e  a t t r i b u t e  number 3 ( l i n e  4s) .  Tab le  2 i d e n t i f i e s  
the  a t t r i b u t e s  ass igned  i n  t h i s  example. The f i r s t  Dm t r a v e r s e  i s  c losed  back 
t o  s t a t i o n  1 us ing  t h e  end code, E ( l i n e  11s) .  The second t r a v e r s e  i s  a l i n k  
t r a v e r s e  f o r  t h e  purpose of  l i n k i n g  t h e  f i r s t  DTM t r a v e r s e  t o  t h e  second. Th i s  
l i n k  t r a v e r s e  has  one l i n k  from s t a t i o n  10 t o  s t a t i o n  11. S t a t i o n  11 i n i t i a t e s  
t h e  second DTM t r a v e r s e  ( l i n e  14s)  which u t i l i z e s  s t a t i o n s  11 through 20. It 
w i l l  b e  noted t h a t  s t a t i o n  11 i s  a l s o  a landing  s i t e ,  coded w i t h  t h e  a p p r o p r i a t e  
a t t r i b u t e  i n  t h e  previous  l i n k  t r a v e r s e .  This  l a t t e r  a t t r i b u t e  code could  have 
been assigned dur ing  t h e  second DTM t r a v e r s e .  S t a t i o n  o r  l i n k  a t t r i b u t e s  can  b e  
ass igned  a t  any p o i n t  where t h o s e  elements a r e  encountered i n  t h e  coding process .  

The s ~ c o n d  DTbf t r a v e r s e  i l l u s t r a t e s  t h e  a b i l i t y  t o  n e s t  one t r a v e r s e  w i t h i n  
another .  That i s ,  a g iven  t r a v e r s e  can be h a l t e d  a t  some i n t e r m e d i a t e  p o i n t  
and a new t r a v e r s e  begun. On l i n e  18s  a nes t ed  t r a v e r s e  i s  i n i t i a t e d  a t  s t a -  
t i o n  14. The second DTM t r a v e r s e  w i t h i n  which t h i s  new t r a v e r s e  i s  nes t ed  i s  
temporar i ly  h a l t e d  u n t i l  t h e  new t r a v e r s e  i s  completed. T h i s  concept is  
d i r e c t l y  analogous t o  n e s t i n g  do-loops i n  a computer program. The i n n e r  
t r a v e r s e  i s  a t h r e e  l i n k  c l o s e d  t r a v e r s e  f o r  t h e  purpose of i n c l o s i n g  an  
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environmentally s e n s i t i v e  area. Link 13-14 ( l i n e  20L) of t h e  i n n e r  t r a v e r s e  
is shared with l i n k  13-14 ( l i n e  16L) of t h e  outer  DTM t r a v e r s e .  Since t h e  
bear ing  informat ion  has  a l r e a d y  been provided, l i n e  20L i s  l e f t  b lank  except  
f o r  any a d d i t i o n a l  a t t r i b u t e  codes. Line 21s c l o s e s  t h e  i n n e r  t r a v e r s e  and 
c o n t r o l  r e t u r n s  t o  t h e  o u t e r  DTM t r ave r se .  The DTM t r a v e r s e  i s  c losed  on 
l i n e  28s at  s t a t i o n  11. The t h i r d  DTM t r a v e r s e  i s  coded i n  t h e  same manner 
a s  t h e  f i r s t  two. 

The ha rves t  u n i t  boundary t r a v e r s e  begins on l i n e  43S, s t a t i o n  1. The 
f i r s t  t h r e e  l i n k s  r e p e a t  l i n k s  a l r eady  e s t ab l i shed ,  and t h e r e f o r e ,  d i r e c t i o n a l  









Table 1. Traverse  S t a t i o n  Survey Sequence (Figure 9. Example). 

t r a v e r s e  type S t a t i o n  Sequence Traverse  Purpose 

1 DTM 1-2-3-4-5-6- D i g i t a l  T e r r a i n  Model 
7-8-9-10-1 

2 Link 10-11 Link two D T M t s  

3 DTM 11-12-13-14-15-16 . D i g i t a l  T e r r a i n  Model 
.17-18-19-20-11 

4 Link 20-21 Link Two Dm's 

5 DTM 21-22-23-24-25- D i g i t a l  T e r r a i n  Hodel 
26-27-28-29-30- , 

31-21 

Link  25-30 

Open 36-37-38-39 

Closed 13-14-41-13 

Link Harves t  Boundary 
t o  T a i l h o l d  

Locate  s k i d  road 

I n c l o s e  Environmental ly  
S e n s i t i v e  Area 

Table 2. Example S t a t i o n ,  Link ,  and Area A t t r i b u t e  Codes 

P o i n t  Line  Area 

1 - Bench Mark 1 - .Harvest Un i t  Boundary 

2 - Landing 2 - Skid Road 

1 - Harvest  Unit  

2 - Environmentally 
S e n s i t i v e  Area 

3 - T a i l h o l d  3 - Power l i n e  3 - Rock Outcrop 

4 - Boundary of Environmentally 4 - Swamp 
S e n s i t i v e  Area 

5 - Rock Outcrop Boundary 



information is no t  supplied i n  l i n e s  42L, 43L, and 44L. Note, however, t h a t  
new l i n k  a t t r i b u t e  information i s  added denoting the  boundary c h a r a c t e r i s t i c s .  
S t a t i o n  33 on t h e  harves t  boundary i s  a p o t e n t i a l  t a i l h o l d ,  requir ing t h e  
appropr ia te  a t t r i b u t e  code on l i n e  485.. Continuing around t h e  boundary 
t r averse ,  a nes ted  t raverse  i s  encountered a t  s t a t i o n  25, l i n e  5 0 .  This 
l a t t e r  nes ted  t r a v e r s e  is a l i n k  t r averse  f o r  t h e  purpose of loca t ing  t h e  
t a i l h o l d  a t .  s t a t i o n  42. After re turning t o  t h e  boundary t r averse ,  another 
nested t r a v e r s e  i s  encountered a t  s t a t i o n  36 ( l i n e  55s). This open t r a v e r s e  
l o c a t e s  a sk id  road and requires  4 l i n k s .  The boundary t r averse  u l t ima te ly  
c loses  back t o  s t a t i o n  1 using t h r e e  l i n k s  a l ready  i d e n t i f i e d  ( l i n e s  59L, 60L 
and 61L). This completes the  example a s  coded here in .  It should be  under- 
s t o o d . t h a t  t h e  d a t a  i l l u s t r a t e d  i n  Figure 8 could be coded i n  many d i f f e r e n t  
ways. Another example might not  inc lude nes ted  t raverses .  The t r a v e r s e s  
could be coded sequent ia l ly .  The provision f o r  nested t raverses  i s  f o r  t h e  
surveyor ' s convenience, allowing t h e  temporary i n t e r r u p t i o n  of a t r a v e r s e  i n  
progress t o  i n c l u d e  adjacent data .  

COMPUTER PROCESSING 

The MAP program is  being implemented on t h e  Hewlett-Packard 9845 computer 
system, using t h e  HP Basic language. Since t h e  9845 i s  a dedicated stand- 
alone system, i t  can conveniently be used i n  t h e  i n t e r a c t i v e  mode. The MAP 
software i s  t o  be  i n t e r a c t i v e ,  wi th  graphics  products  being a v a i l a b l e  a t  t h e  
in termedia te  s t e p s .  

Following completion of t h e  f i e l d  survey, t h e  da ta  forms (Figure 9) w i l l  
be  re turned t o  t h e  computer s i te  f o r  d a t a  en t ry .  The computer opera tor  f i r s t  
b u i l d s  a d a t a  f i l e  t h a t  is very similar t o  t h e  format of t h e  f i e l d  d a t a  form. 
The information w i l l  b e  entered i n  the same sequence from beginning t o  end 
using t h e  computer's key board. 

Af ter  t h e  inpu t  data  f i l e  i s  b u i l t ,  t h e  MAP program i s  i n i t i a t e d  and i t  
reads  t h e  inpu t  d a t a  f i l e ,  producing i n t e r n a l  f i l e s  of nodes and connecting 
l i n k s  f o r  a l l  of t h e  t raverses .  A t t r i b u t e  f i l e s  a r e  a l s o  maintained i n  a 
manner t h a t  connects them with t h e  appropr ia te  components. The coordinate  
system o r i g i n  i s  automatical ly se lec ted  i n  t h e  lower southwest corner of t h e  
d a t a  base  s o  t h a t  a l l  da ta  base coordinates a r e  p o s i t i v e  numbers (see  Figure  10). 
Since t h e  d i g i t a l  t e r r a i n  model (DTl4) must bound the  data  base, t h e  DTM 
t r averses  are used t o  e s t a b l i s h  t h e  o r i g i n  and t h e  maximum coordinate l i m i t s .  
A provision w i l l  b e  made t o  al low op t iona l  manual s e l e c t i o n  of t h e  o r ig in .  

Processing of the  input  d a t a  begins wi th  t h e  conversion of t h e  bearing,  
d i s t ance  and s l o p e  format of t h e  DTM t r a v e r s e s  t o  a X-Y-Z coordinate format, 
wi th  Z being est imated e levat ion above sea  l e v e l .  The Z datum is es tab l i shed  
by enter ing an e leva t ion  es t imate  f o r  one of t h e  DTM t r averse  s t a t i o n s .  Since 
t h e  DTM t r a v e r s e s  a r e  closed t r a v e r s e s ,  survey e r r o r  correc t ions  are accom- 
pl ished f i r s t  f o r  each t raverse .  I f  no bench mark s t a t i o n  i s  spec i f i ed  wi th in  
one of t h e  DTM t raverses ,  the  f i r s t  s t a t i o n  i n  t h e  f i r s t  t r averse  i s  assumed t o  
be t h e  bench mark and a l l  e r r o r  cor rec t ions  are made with respect  t o  t h i s  
s t a t i o n .  The remaining DTM t r a v e r s e s  a r e  c losure  corrected and t h e  s t a t i o n  
coordinates es tab l i shed  with respec t  t o  t h e  f i r s t  t raverse .  

A t r i a n g u l a t e d  i r regu la r  network (TIN) t e r r a i n  model i s  created  auto- 
mat ica l ly  i n  sof tware  a s  shown i n  Figure 10. The t r i angu la r  elements s imula te  



t h e  topography of t h e  ha rves t  u n i t  a s  a su r face  of t r i a n g u l a r  f a c e t s ,  a s  
i l l u s t r a t e d  by t h e  pe r spec t ive  view example shown i n  Figure  11. The t e r r a i n  
model con ta ins  t h e  ma jo r i ty  of t h e  b a s i c  information needed t o  feed logging 
a n a l y s i s  rou t ines .  The remaining t r a v e r s e s  de f ine  boundaries ,  l i n e a r  f e a t u r e s ,  
and po in t  information p e r t a i n i n g  t o  the  proposed ha rves t  u n i t  and i ts  logging 
system design.  Each t r a v e r s e  i s  processed i n  t u r n  by t ransformat ion  t o  t h e  
r ec tangu la r  X-Y-Z coordina te  system of the  d i g i t a l  t e r r a i n  model. A t  comple- 
t i o n ,  a l l  s t a t i o n s  contained wi th in  t h e  d a t a  base  a r e  r e fe renced  t o  t h e  same 
coordina te  system such t h a t  t h e  va r ious  t r a v e r s e s  can be  t r e a t e d  a s  over lays ,  
one on top  of another .  This  commonality permits  computations of many map 
measures of i n t e r e s t  t o  t h e  ha rves t  planner.  The following s e c t i o n  d i scusses  
some of the  poss ib le  app l i ca t ions  of MAP. 

APPLICATION TO LOGGING SYSTEM ANALYSIS 

The MAP input  d a t a  process ing  r o u t i n e s  convert a l l  t r a v e r s e s  t o  a common 
rec tangu la r  coordina te  system. The r e s u l t i n g  common d a t a  b a s e  then  is  ava i l -  
a b l e  f o r  a n a l y s i s  computations. The computations can produce a rea ,  l eng th ,  
and s l o p e  measures which a r e  in termedia te  t o  more complex a p p l i c a t i o n  analyses ,  
o r  can be produced a s  f i n a l  output .  Examples of f i n a l  ou tpu t  q u a n t i t i e s  inc lude:  

1. Harvest u n i t  per imeter  length ,  
2 .  Harvest u n i t  a r e a ,  
3. Horizontal  and s l o p e  d i s t a n c e s  from landings  t o  p o t e n t i a l  t a i l h o l d s ,  

o r  from landings  along p o t e n t i a l  sk id  roads,  
4 .  Ground p r o f i l e s  along cableways and sk id  roads,  
5. L i s t  of e l e v a t i o n  d a t a  by p r o f i l e  and s t a t i o n ,  
6. Maps of t h e  c u t t i n g  u n i t  a r e a  wi th  contours ,  
7. and payload a n a l y s i s  f o r  co r r ido r s  of i n t e r e s t .  

CONSIDEMTION FOR USERS 

The proposed mapping and a n a l y s i s  methodology should provide  t h e  logging 
re sea rch  and appl ied  i n d u s t r y  wi th  a much needed ha rves t  p lanning t o o l .  The 
MAP mapping and a n a l y s i s  system r e q u i r e s  simple input  and should be  q u i t e  easy 
t o  execute. Although t h e  inne r  workings of t h e  software package appear t o  be 
q u i t e  complex, t h i s  complexity is  n o t  seen by t h e  user  and he need n o t  be  
concerned w i t h  anything o ther  than  en te r ing  d a t a  and r e c e i v i n g  output .  The 
output  i6 . the  form of u n i t  maps, although simple, would provide  most of t h e  
t e r r a i n  and o t h e r  p e r t i n e n t  information requi red  f o r  most h a r v e s t  planning. 

I n  order  t o  desc r ibe  the d e t a i l  inner  workings of t h e  MAP software 
package, t h e  d i scuss ion  w i t h i n  t h i s  paper may appear cumbersome and complicated. 
This  l a t t e r  problem is  unavoidable i n  order  t o  d i scuss  t h e  b a s i c  model s t r u c t u r e  
and execution. The a c t u a l  use  of t h e  program w i l l  be much s impler  and more 
ex tens ive ly  documented. W e  plan t o  have t h e  package done and a v a i l a b l e  w i t h i n  
1 y e a r  of t h i s  paper. Although i t  is  not  envisioned t h a t  a program such a s  
MAP would provide a l l  t h e  answers t o  harves t  planners ,  i t  should provide a 
simple,  inexpensive ha rves t  planning too l .  This  t o o l  w i l l  hopeful ly  r e s u l t  
i n  b e t t e r  dec is ions  be ing  made. 
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