
6.2 GEODETIC CONTROL,* OF POOR QilAUW 

Ceodetic C o n t r o l  n e t s  a r e  b u i l t  o v e r  t h e  d e p e n d i n g  o n  t h e  r e s o u r c e s  a v a i l -  
able. In  t h e  U.S. t h e  s i t u a t i o n  a r o u n a  1900 looked l i k e  F i g u r e  1. Yoc had a 
t r a n s l a t i o n  scheme along the east m a s t ,  y o u  had some a c t i v i t y  a r o u n d  t h e  
g r e a t  l s k e s ,  and t h e  major a c c s m p l i s t m e n t  of 25 t o  30 y e a r s  was t h e  Transcon-  
t i n e n t a l  Arch of T r i a n g u l a t i o n .  So t h a t  was t h e  first * h e  when p e o p l e  e v e n  
knew how far  it was f r m  o n e  coast t o  the  o t h e r  one .  dy 1931 ( F i g u r e  2 ) .  t h e  
s i t u a t i o n  had changed to a rather n i c e l y  d e v e l o p e d  p a t t e r n  with the  arch of 
t r i a n g u l a t i o n  g o i n g  Nor th ,  S o u t h ,  E a s t ,  and West. You see i n  F ig ,  - 2 ex- 
t r e m e l y  l a r g e  triangles, and t h e  basic p r i o c i p l e  of t r i a n g u l a t i o n  o b  r v a t i o r t s  
is t h a t  o n e  m e a s u r e s  t h e  a n g l e s  i n  a t r i a n g l e  and occasionally one LeLsures a 
a i s t a n c e  be tween two p o i n t s ,  a side of a t r i a n g l e .  By t h a t  you c a n  c m p u t e  
t h e  c o o r d i n a t e s  and r e s o l v e  a l l  t h e  unknmms i n  t h e  t r i a n g l e  and g e t  coordi- 
n a t e s .  If yo2 h a v e  a s t a r t . i n g  v a l u e ,  you  c a n  b u i l d  upon t h a t  a s  you go a l o n g .  
The a c c u r a c i e s  t hz t  a re  i n v o l v e d  depend v e r y  much o n  how f r e q u e n t l y  you u p d a t e  
your  d i s t a n c e ,  b e c a u s e  t h a t  is t h e  most d e g r a d i n g  effect. Ey 1946 t h e  s i t u a -  
t i o n  i n  North America l o o k e d  l i - k e  F i g u r e  3: a h i g h l y  d e v e l o p e d  s y s t e m  ir! t h e  
c o n t e r m i n o u s  -dnited S ta tes  w i t h  h a r d l y  a n y t h i n g  i n  Canada,  some a t t e m p t s  t. do 
sometn ing  i n  Alaska ,  and  a d e v e l o p m e n t  i n  Hexico b y  v i r t u e  of t h e  I n t e r -  
American Geodetic S u r v e y .  By I946 t h e  Pmber of p o i n t s  reached o v e r  a 100000 
i n  t h e  U.S. The s i t u a t i o n  a s  i t  s t a n d s  t o d a y ,  looks l i k e  F i g u r e  4.  I n  t h e  
c o n t e r m i n o u s  U.S. it has grown t o  a n  i n v w t o r y  o f  a b o u t  250,000 p o i n t s .  
Canada has a l so  made p r o g r e s s ;  t h e r e  is s i g n i f i c a n t  p r o g r e s s  i n  A 1  s k b ,  and 
o n e  s h o u l d  e x p e c t  much more i n  Alaska  w i t h  t h e  c u r r e n t  d e v e l o p m e n t s  i n  e n e r g y .  
The c o n t r o l  n e t  h a s  been  pushed a l l  t h e  way t h r o u g h  t h e  C e n t r a l  A r e r i c a n  
R e p u b l i c s  i n t o  t h e  n o r t h e r n  part of S o u t h  America w i t h  a l l  of t h e  c o n n e c t i o n s  
t o  t lsncis .  

"he i n s t r u m e n t s  t h a t  are used t o  b u i l d  a h p r i z o n t a l  n e t w o r k  h a v e  b e e n  p r i m a r i -  
- y  t h e  t h e d o l i t e s  and t h e y  are  c o n s i d e r e d  p a r t  of t h e  c l a s s i ca l  a r s e n a l  o f  
i n s t r u m e n t a t i o n .  We c a n  m e a s u r e  d i r e c t i o n s  w i t h  t h e  theodol i tes  t o  a s t a n d a r d  
errcr cf a b o u t  6 / 1 G  of a s e c o n d .  We now h a v e  e l e c t r o n i c  d i s t a n c e  m e a s u r i n g  
i n s t r u n e n t s  which c a n  m e a s u r e  d i s t a n c e s  most a c c u r a t e l y  t o  1 p a r t  i n  a m i l l i o n  
of t h e  d i s t a n c e .  We make s a t e l l i t e  d o p p l e r  o b s e r v a t i o n s  which g i v e  us p o i n t  
p o s i t i o n s  w i t h  a c c u r a c i e s  o f  s t a n d a r d  d e v i a t i o n s  o f  leve:  of less t h a n  1 
meter. In  r e c e n t  y e a r s ,  i n e r t i a l  s u r v e y  s y s t e m s  h a v e  been  d e v e l o p e d  and t h e y  
a r e  p r i m a r i l y  used for i d e n t i f i c a t i o n  purposes .  F o r  t h e  f u t u r e ,  there  w i l l  be 
Global P o s i t i o n i n g  Satel l i tes ,  b u t  i n  o u r  c o n c e p t  i t  w i l l  cane down t o  s t a n d -  
a rd  d e v i a t i o n s  be tween 2 and 4 c e n t i m e t e r s .  That is t h e  d i f f e r e n c e  from t h e  
15-meter and 6 - m e t e r  d e v i a t i o n s  ment ioned  b e f o r e .  The p o i n t  i s  ve h a v e  more 
time, r e  d o n ' t  need i t  i n s t a n t a n e o u s l y .  We cari sit there a t  t h e  s t a t i m  for a 
n m b e r  of h o u r s  and t h a t  w i l l  improve t h e  a c c u r a c y .  F u r t h e r m o r e ,  we w i l l  u s e  
GPS o n l y  i n  a r e l a t i v e  mode b e c a u s e  we h a v e  200,000 p o i n t s  a l r e a d y .  We c a n  
p u t  o n e  r e c e i v e r  a t  a known p o i n t ,  and t h e n  r e l a t i v e l y  p o s i t i o n  a n y  o t h e r  
p o i n t  w i t h i n  200 km *an t h e  f i r s t  p o i n t ,  t o  t h i s  k i n d  of a c c u r a c y .  

P8e r e l a t i v e  and a b s o l u t e  a c c u r a c i e s  o f  t h e  U.S. h o r i z o n t a l  n e t w o r k  a r e  shown 
i n  F i g u r e  5 .  We d i s t i n g u i s h  be tween s e v e r a l  orders o f  a c c u r a c y .  n?e first 
order is t h e  most p r e c i s e  o n e ,  i t  h a s  d i r e c t  a c c u r a c y  of 1 i n  a 100,000 and 
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t h e  others j u s t  decrease t o  1 i n  5,000. Uhnt is more interest ing possibly f o r  
t h i s  audience is the absolute accuracy of t h e  U.S. n e t w r k  which is on t h e  
North American datum of 192'7. The accuracy i n  t h e  absolute sense is about 15 
meters, and that  i s  due t o  the existing dis tor t ions i n  the network. We arc  
actively working now on a project tha t  w i l l  give the Narth American Datum i n  
1983, where a i l  positions w i l l  be known t o  about 1/2 meter. That 1/2 meter 
re fers  t o  t h e  csrrt; we contemplate JI-lst 4-5 centimeters pr€?CiSiCm far some of 
the best  points i n  the network. 

For the U.S. network on the 1927 datu", a l l  points are  related t o  a mathernati- 
cal surface which is an el l ipsoid Flaced i n  space many many years ago, i n  such 
a way that  there is an of fse t  w i t h  respect t o  the Geocenter of 22 meters i n  x ,  
157 meters i n  y ,  176 meters i n  z. These nillabers are  not t o  be  looked a t  a s  
errors ,  but they a r e  very  well known nunbers. S t i l l ,  we w i l l  move the mathe- 
matical surface from one point t o  another point because when t h i s  was done 
or iginal ly  no one knew where t h e  ear th ' s  geocenter was. But today because of 
s a t e l l i t e s  i t  is very easy t o  determine where the Geocenter is. The most s ig-  
n i f i - a n t  datum defined by the Defense Departme& was the world generic system 
of 1972. We know these nunbers t h a t  r e l a t e  t o  the U.S. datum, b u t  we also 
k m w  these numbers f c r  the other datums. F i g u r e  6 gives an example of t h e  ma- 
jor datums In the world and what these s h i f t s  t o  the Geocenter are,  b u t  you 
see tha t  these numbers vary depending on how these datum were defined t o  begin 
w i t h .  The t h i n g  tha t  needs t o  be remanbered is t h a t  one cannot apply one 
philosophy t o  a l l  datums and assume t h a t  t h e y  a r e  a l l  consistent i n  the same 
cowdinate s y s t e m .  Each of them is a separate coordinate system, and i n  order 
t o  make one earth coordinate we have t o  take a l l  of these datums and s h i f t  
them to one common place. and the most Logical common place today i s  the geo- 
center. International meetings have agreed tha t  the geocenter makes sense. 
The International Association of geodesy has defined t h e  geodetic reference 
system of 1980 as a geocentric system. 

The avai labi l i ty  of geodetic information w i t h i n  the U.S. is the responsibil i ty 
,I' the National Geodetic Survey and the information is freely available i n  
t h i s  comtry.  R a t  is riot t h e  case i n  general. Other countries have loaked 
a t  geodetic a c t i v i t i e s  v e r y  much i n  terms of t h e i r  mili tary establishment. As 
a consequence the information is generally unavailable because these coilntries 
c lass i fy  the information. However, there are  old publications that  you can 
find that  show w h a t  these datums look l ike ,  and give you some idea of what the 
accuracy is. mere are  international u n i t s  of measure i n  geophysics national 
reports +hat one can consult, and one can read between the l ines  and see for 
exampie t-he Peoples Bepeb!ic of China has a network t h a t  i s  similar to  ours i n  
terms of  accuracy or you can obtain i t  from the geodetic organizations that  
are  inclined to make that information available. For- the accuracies that  we 
can estimate re la t ive between two points, the worst that  you can f i n d  i s  1 i n  
5,000. That is  due to the instrumental errors because you are  dealing w i t h  an 
accuracy only frm one point t o  another 2-3 miles away. However. when you 
look at, these i n  teams of an absolute reference (where is t h i s  vis-a-vis the 
geocenter?) then of ccurse you can have errors  as h i g h  200 meters. Some o f  
the d a t u m s  i n  other conLinents a re  much wesker in terms c?f the way they were 
constructed. and the instrumeatation that  was used, so you may very well get  
t o  that  number. 

In general, i f  one gets zone coordinates, e i ther  la t i tude  or longitude or some 
other t y p e s  of coordinate systm derived from la t i tude  and longitude any place 



on t h e  E a r t h ,  one c a n n o t  immediate  assume t h a t  t k a t ' s  p a r t  of t h e  s a n e  coor- 
d i n a t e  s y s t e m  t h a t  we h a v e  i n  t h e  U.S. The Doppler  S u r v e y  System t o d a y  is a l -  
l o w i n g  us t o  make exact d e t e r m i n a t i o n  of what  t h e s e  c h a n g e s  and  what  t h e  er- 
rors a c t u a l l y  are. An example  of t h i s  problem is t h e  ' J n i v e r s a l  T r a n s t e r s e  
M e r c a t x  p r o j e c t i o n .  The UTH c o o r d i n a t e  s y s t e m  is a way t o  r e p r e s e n t  coordi- 
n a t e s  i f  you d o n ' t  want  t o  d e a l  w i t h  la t i tudes and l o n g i t u d e s .  b s i c a l l y  t h e  
system d i v i d e s  t h e  E a r t h  u p  i n t o  s i x t y  z o n e s  and t h e  c e n t e r  m e r i d i a n  for Zone 
1 is  a t  l o n g i t u d e  1800 east .  The scale a l o n g  t h e  c e n t r a l  m e r i d i a n  a s s u m e s  a 
fa lse  e a s t i n g  of 500,000. Now what 's  i m p o r t a n t  is t h a t  t h i s  is n o t  a u n i v e r -  
s a l  t r a n s v e r s e  Nercntcr  i r i  29 a b s o l u t e  setise. Its u n i v e r s a l  w i t h i n  a p a r t i c u -  
l a r  datum. It s h o u l d  be p o s s i b l e  t o  i m p u t e ,  i f  you know t h e  i n f o r m a t i o n  
world-wide, a l l  y o u r  c o o r d i n a t e s  and p u t  a l l  them i n t o  o n e  datum, a Ceoscent -  
r i c  Datum and t h e n  you c a n  t r a n s f o r m  a l l  these p o i n t s  a g i v e n  p r o j e c t i o n .  
Then you h a v e  i n d e e d  a universa!.  o r o j e c t i o n .  A l l  of t h i s  is d o n e  by t h e  m i l i -  
t a r y ,  b u t  I d o n ' t  know of a n  i n v e n t o r y  of c o o r d i n a t e s  world-uide t h a t  is con-  
s i s t e n t  from a l l  these p o i n t s  o f  v i e u .  The problem is n o t  o n l y  i n  t h e  p o s i -  
t i o n  of  t h e  m a t h e m a t i c a l  s u r f a c e s ,  b u t  a l so  t h e  s i z e  and s h a p e .  When you 
b r i n g  i n  t h e  s ize  and s h a p e ,  t h e  semimajor a x i s  of  t h e  r e f e r e n c e  e l i p s o i d  and 
t h e  f l a t t e n i n g ,  you g e t  j u s t  as many c o m b i n a t i o n s  o f  da tums:  there  a r e  hun- 
d reds  of d a t u m s  v c r l d - w i d e  each o f  which look a t  t h e  problein from t h e i r  o m  
p o i n t  of view.  B a s i c a l l y ,  t h e  cha rac t e r i s t i c  of  g e o d e t i c  c o n t r o l  is t h a t  i t  
is i n  direct  p r o p o r t i o n  t o  t h e  t e c h n o l o g i c a l  d e v e l o p m e n t  o f  t h e  c o u n t r i e s  i n -  
v o l v e d  [1,21. Warld-wide you f i n d  good c o v e r a g e  i n  terms of geodet ic  control 
i n  t h e  U.S., i n  w e s t e r n  Europe ,  and i n  J a p a n .  You f i n d  less t h a n  f u l l  cover- 
a g e  e v e n  i n  t h e  Soviet Union and S o u t h  America, and Asia and so f o r t h  i n  o ther  
large areas. 
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Figure 1. U.S. Horizontal Network 1900 
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Figure 5. U.S. Horizontal Network 

Shifts to Geocentw 

1. North American 
2. European 
3. Tokyo 
4. Arc 1950 
5. Indian 
6. Austrqlian 
7. South American 
8. Pulkovo 
9. South Asia 

W m )  

‘ -84 
- 22 

- 140 
- 129 

293 
- 122 
- 77 

21 

AVm) 
157 

516 

697 
- 41 

3 

-61 

- 103 

- 131 

- 

Am) 
176 

673 

228 
146 
- 45 

- 127 

- 282 

- 15 

Figure 6. Major Geodetic datums 
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