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T S - 5 c  R  1 1 1 - 1  A AS H T O  

S t a n d a rd  P ra c t i c e  fo r 

I n t e l l i g e n t  C o m p a c t i o n   

fo r E m b a n km e n t  a n d  As p h a l t   

P a ve m e n t  A p p l i c a t i o n s  

A A S H T O  D e s i g n a t i o n :  R  1 1 1 - 2 2 1  

A d o p t e d  w i th  R e v i s i o n s :  2 0 2 2    

T e c h n i c a l  S u b c o m m i t t e e :  5 c ,  Q u a l i t y  A s s u ra n c e  a n d  E n v i ro n m e n t a l   

1 .  S C O P E  

1 . 1 .  T h i s  w o rk s h a l l  c o ns i s t o f c o mp a c t i o n  o f ro a dw a y  e mb a nkm e n t,  o r a s p h a l t p a v e me n t ,  o r b o th ,  

u s i n g  i n t e l l i g e n t c o mp ac t i o n  ( I C )  ro l l e rs  w i th i n  th e  l i mi t s  o f th e  w o rk de s c ri b e d  i n  th e  p l an s  o r 

p ro v i s i o n s .  

1 . 2 .  I C  i s  de fi n e d  as  a  p ro c e s s  th a t u s e s  ro l l e rs  e qu i p p e d w i t h  a  m e as u re me n t- do c u me n t a ti o n  s y s te m 

th at  au to ma ti c a l l y  re c o rd s  c o mp ac t i o n  p ara m e te rs  ( e . g . ,  s p at i al  l o c at i o n ,  s t i ffn e s s ,  te mp e rat u r e ,  

p a s s  c o u n t,  v i b ra ti o n a mp l i t u de ,  a nd  fre qu e n c y )  i n  re a l - t i me  du ri n g  th e  c o m p a c ti o n p ro c e s s .  I C  

ro l l e rs  e qui p p e d  w i t h  a c c e l e ro m e te rs  u s e  ro l l e r v i b ra t i o n  me a s u r e me nt s  t o  as s e s s  me c h a n i s t i c  

m ate ri a l  p ro p e rt i e s  an d to  e n s u re  th at o p t i mu m c o mp ac t i o n  a n d u n i fo rmi ty  i s  ac h i e v e d th ro u g h  

c o n ti nu o us  mo n i to ri n g  o f o p e ra ti o n s .  

1 . 3 .  T h e  c o n tra c t o r s h a l l  s u p p l y  s u ffi c i e n t  n u mb e rs  o f ro l l e rs ,  and o th e r a s s o c i at e d e qu i p me n t ,  

n e c e s s ary  to  c o mp l e t e  th e  c o mp a c ti o n  re qu i re me n ts  fo r th e  s p e c i fi c  ma t e ri a l s .   

1 . 4 .  T h i s  s p e c i fi c at i o n  i s  to  b e  a p p l i e d du ri n g  th e  c o n trac to r’ s  qu al i ty  c o n tro l .  

1 . 5 .  A l l  t as ks  a re  th e  c o n trac to r’ s  re s p o n s i b i l i ty ,  u n l e s s  d e s i g n a te d  o th e rw i s e  w i th i n  th i s  p ro v i s i o n .  

2 .  R E F E R E N C E D  D O C U M E N T S  

2 . 1 .  A A SHTO  Sta n da rds :  

  M  1 4 6 ,  T e rms  Re l a ti n g  to  S ub g rad e ,  S o i l –A g g re g ate ,  an d F i l l  M at e ri al s  

  M P  3 9 ,  F i l e  F o rma t o f I n t e l l i g e n t C o mp a c t i o n  D a ta  

  P P  1 1 4 ,  D a ta L o t N ame s  fo r I n te l l i g e n t  C o n s tru c ti o n  T e c h no l o g i e s  

  R 1 1 0 ,  C o n ti n uo u s  T h e rma l  P ro fi l e  o f A s p h a l t M i x t u re  C o n s tru c ti o n  

2 . 2 .  O th e r D o c u m e n ts :  

  C h ri s to p h e r,  B .  R. ,  C .  S c h w a rtz ,  a nd  R.  B o u dre a u.  G e o te c h n i c a l A s p e c ts  o f Pa v e m e n ts :  

R e fe re n c e  Ma n u a l/Pa rti c i p a n t Wo rkb o o k.  F H W A - N H I  C o urs e  N u mb e r 1 3 2 0 4 0 ,  F H W A  

N H I - 0 5 - 0 3 7 .  U . S .  A g e n c y  o f T ra n s p o r tati o n ,  F e d e ra l  H i g h w ay  A dmi n i s t rat i o n ,  U . S .  

D e p artme n t o f T ra ns p o rta ti o n ,  M a y  2 0 0 6 .   
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  M o o n e y ,  M .  A . ,  R.  V .  Ri n e h art ,  N .  W .  F a c as ,  O .  M .  M u s i m b i ,  D .  J .  W h i te ,  a n d P av an a  K.  

R. V e n n ap u s a .  Na ti o n a l Co o p e ra ti ve  High wa y  R e s e a rc h  R e p o rt 676:  In te lli ge n t So i l 

Co m p a c ti o n  Sys te m s .  T ran s p o rta ti o n  Re s e arc h  B o a rd,  W a s h i n g to n ,  D C ,  2 0 1 0 .  

2 . 3 .  So ftw a re :  

  V e ta D a ta M a n ag e me n t a n d A n a l y s i s  S o ftw a re .  A v ai l ab l e  fro m  

h t tp s : //w w w . i n te l l i g e n tc o n s tru c ti o n . c o m/v e ta  

3 .  T E R M I N O L O G Y 

3 . 1 .  D e fi n i ti o n s :  

3 . 1 . 1 .  c lo u d—a  W e b - b a s e d u s e r i n te rfa c e .  

3 . 1 . 1 . 1 .  c lo u d s to ra ge —n e tw o rk s to ra g e  ( t y p i c al l y  t h e  I n te rn e t )  w h e re  t h e  I C  dat a  a re  s to re d  i n  v i rt u a l i z e d 

p o o l s  o f s to ra g e .   

3 . 1 . 1 . 2 .  c lo u d c o m p u ti n g—th e  u s e  o f c o mp u ti n g  re s o u rc e s  ( h a rd w are  an d s o ft w are )  t h a t are  de l i v e re d  a s  a  

s e rv i c e  o v e r a  n e tw o rk to  e n ab l e  n e ar- re a l - ti m e  v i s u a l i z a ti o n  ( ma p s )  a n d m an i p u l a ti o n  o f I C  da ta .  

3 . 1 . 2 .  c o n tro l p o in ts  ( s o me ti me s  re fe rre d to  a s  “ s u rv e y  ma rks , ”  “ s u rv e y  ma rke rs , ”  “ mo n u me n t s , ”  “ h u b s , ”  

o r “ c o n t ro l  p o i n t s ” ) —o b j e c t s  p l a c e d to  ma rk ke y  s u rv e y  p o i n ts  o n  t h e  e arth ’ s  s u rfa c e .  T h e s e  

m a rke rs  a re  u s e d t o  i n di c a te  e l e v a ti o n  a n d h o ri z o n t a l  p o s i ti o n.  

3 . 1 . 3 .  c o o rdin a te  s y s te m —a s y s t e m th at u s e s  o n e  o r mo r e  n u mb e rs  o r c o o rd i n at e s  to  u n i qu e l y  de te rmi n e  

t h e  p o s i t i o n  o f a  p o i n t o r o th e r g e o me tri c  e l e me n t o n  a ma n i fo l d s u c h  as  E u c l i de a n  s p ac e .  

3 . 1 . 3 . 1 .  ge o de ti c  c o o rdi n a te s —a  n o n - e a rth - c e n tri c  c o o rdi n a te  s y s te m u s e d to  d e s c ri b e  a p o s i t i o n  i n  

l o n g i tu de ,  l ati tu de ,  an d al ti tu de  a b o v e  th e  i m ag i n ary  e l l i p s o i d s urfac e  b as e d  o n  a  s p e c i fi c  g e o d e t i c  

d a tu m.  W G S 8 4  an d N A D 8 3  d a tu m a re  re qui re d fo r u s e  w i t h  U n i v e rs a l  T ra n s v e rs e  M e rc a to r 

( U T M )  an d S tate  P l an e ,  re s p e c ti v e l y .  

3 . 1 . 3 . 2 .  s ta te  p la n e  c o o rdi n a te s —a  s e t  o f 1 2 6  g e o g rap h i c  z o n e s  o r c o o rd i n a te  s y s te ms  de s i g n e d fo r 

s p e c i fi c  re g i o n s  o f t h e  U n i t e d S t a te s .  E a c h  s ta te  c o n ta i n s  o n e  o r mo re  s t a te  p l a n e  z o n e s ,  th e  

b o un dari e s  o f w h i c h  u s u a l l y  fo l l o w  c o u n ty  l i n e s .  T h e re  a re  1 1 0  z o n e s  i n  th e  c o n ti n e n ta l  U n i te d 

S t at e s ,  w i t h  1 0  mo re  i n  A l a s ka ,  5  i n  H a w a i i ,  a n d 1  fo r P u e rto  Ri c o  a n d th e  U . S .  V i rg i n  I s l a n ds .  

T h e  s y s te m i s  w i de l y  u s e d fo r g e o g rap h i c  dat a b y  s t at e  a n d l o c a l  g o v e rn m e n t s  b e c au s e  i t us e s  a  

C a rte s i a n  c o o rdi n a te  s y s te m t o  s p e c i fy  l o c a ti o n s  ra th e r t h an  a  s p h e ri c a l  c o o rdi n a te  s y s te m.  B y  

i g no ri n g  th e  c urv a tu re  o f th e  e arth ,  “ p l an e  s u rv e y i n g ”  me th o ds  c an  b e  u s e d ,  s p e e di n g  u p  an d 

s i mp l i fy i n g  c al c u l a ti o n s .  A ddi t i o n a l l y ,  t h e  s ys te m i s  h i g h l y  ac c u ra te  w i th i n  e ac h  z o n e  ( e rro r l e s s  

th a n  1 : 1 0 , 0 0 0 ) .  O u ts i d e  a s p e c i fi c  s t a t e  p l a n e  z o n e ,  a c c u ra c y rap i dl y  d e c l i ne s ,  th u s  th e  s y s t e m i s  

n o t u s e fu l  fo r re g i o n a l  o r n a t i o n a l  ma p p i n g .  T h e  c u rre n t  s tate  p l a n e  c o o rdi n a te s  a re  b as e d o n  

N A D 8 3 .  I s s u e s  ma y  ari s e  w h e n  a  p ro j e c t  c ro s s e s  s ta t e  p l an e  b o u n dari e s .  

3 . 1 . 3 . 3 .  Un i v e rs a l Tra n s v e rs e  Me rc a to r (UTM) —a  me tri c - b a s e d ,  g e o g rap h i c  c o o rdi n a te  s y s te m th a t  u s e s  a 

2 - di me n s i o n a l  ( 2 D )  C a rte s i a n  c o o rdi n a t e  s y s te m t o  g i v e  l o c at i o n s  o n  th e  s u rfa c e  o f t h e  e a rth .  T h i s  

s y s te m di v i de s  th e  e arth  b e tw e e n  8 0 ° S  an d 8 4 ° N  l a ti tu d e  i nto  6 0  z o n e s ,  e ac h  a  s i x - de g re e  b an d o f 

l o n g i tu de  w i dth ,  and u s e s  a s e c a n t  T ra n s v e rs e  M e rc a to r p ro j e c ti o n  i n  e a c h  z o n e  ( th e  s c al e  i s  

re du c e d s o  th at t h e  c y l i n de r s l i c e s  t h ro u g h  th e  mo d e l  g l o b e ) .  Z o n e  1  c o v e rs  l o n g i t ud e  1 8 0 °  to  

1 7 4 ° W ;  z o n e  nu mb e ri n g  i n c re as e s  e a s tw ard t o  z o n e  6 0 °  t h a t c o v e rs  l o n g i tu de  1 7 4 °  to  1 8 0 ° E .  
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F i g u re  1 —I ma g e  o f U T M  Z o ne s  i n t h e  U ni te d  S ta te s  

3 . 1 . 4 .  Co o rdi n a te d Un i v e rs a l Ti m e  (UTC) —t he  p ri ma r y  ti me  s ta n dard b y whi c h the  wo rl d re g ul a te s  
ti me .  I t i s  o ne  o f s e v e ra l  c l o s e l y  re l a te d  s uc c e s s o rs  to  G re e n wi c h  M e a n T i me  ( G M T ) .  F o r mo s t 
p urp o s e s ,  U T C  i s  s y no n y mo us  wi t h  G M T .  I t i s  b a s e d  o n a  2 4 - h r ti me  s c a l e  fro m t h e  me a n s o l a r 
t i me  a t  t h e  e a r t h ’ s  p ri me  me r i d i a n  ( 0 °  l o ng i t ud e )  l o c a t e d  n e a r  G r e e n w i c h ,  E n g l a nd .  

3 . 1 . 5 .  da ta —me a s ure me nts  re c o rd e d  b y t h e  i n s tru me nte d  ro l l e r,  o r i n fo r ma ti o n g e ne rate d/p ro c e s s e d 
fro m t h e s e  me a s ure me nt s  ( e . g . ,  G N S S  c o o rd i na te s ,  s ti ffne s s ,  te mp e ra ture ,  p a s s  c o u nt,  s p e e d ,  
fre q ue nc y ,  a mp l i tud e ) .  

3 . 1 . 5 . 1 .  gri dde d a ll p a s s e s  da ta —i n c l ud e s  a l l  me a s ure me nt p a s s e s  re c o rd e d  fo r a g i v e n  g ri d  ( s e e  F i g ur e  2 ) .  
T h i s  d a ta  i s  g e ne ra l l y  us e d  to  b ui l d  c o mp a c ti o n c ur v e s  fo r e s ta b l i s h me nt o f ro l l i n g  p a tte rn s .  

 

 
 

F i g u re  2 —S c h e ma t i c  o f C o v e r a g e ,  G ri d d e d  A l l  P a s s e s  D a t a ,  a nd  G ri d d e d  F i n a l  C o v e ra g e  D a t a  
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3 . 1 . 5 . 2 .  gri dde d da ta —d a ta  p ro c e s s e d  fro m t h e  ra w d a ta  us i ng  me s h e s .  T h e  ra w d a ta  i s  d up l i c a te d  o ve r th e  
me s h e s  fo r th e  e n ti re  ro l l e r d ru m wi d th ,  re s ul ti ng  i n mu l ti p l e  d a ta  p o i nts  c o v e ri n g  th e  d ru m wi d th  
( s e e  F i g ure  3 ) .  T hi s  p ro c e s s  i s  us e d  to  tra c k p a rti a l  d ru m o v e rl a p s  a mo n g  p a s s e s .   

 

F i g u re  3 —S c h e ma t i c  o f G ri d d e d  I C  D a ta  

3 . 1 . 5 . 3 .  gri dde d fi n a l c o v e ra ge  da ta —s u m ma ri z e s  t h e  fi na l  ( l a s t)  me a s ure me nt p a s s e s  re c o rd e d  fo r a  g i v e n 
g ri d  ( e . g . ,  to ta l  p a s s  c o unt,  l a s t  s ti ffne s s ,  l a s t te mp e ra t ure  [ s e e  F i g ure  2 ] ) .  G ri d  s i z e s  a re  typ i c a l l y a t 
a  me s h  s i z e  o f 1  ft ( 0 . 3  m)  i n t h e  X  a nd  Y  d i re c ti o n fo r p o s t- p ro c e s s e d  d a ta .  

3 . 1 . 5 . 4 .  m e s h —a  c o l l e c ti o n o f v e rti c e s  c o nne c te d  to  o th e r v e rti c e s  t h a t d e fi ne s  th e  s ha p e  o f t h e  ro l l e r d rum 
i n 2 D  p o l yg o ns  ( t yp i c a l l y  mu l ti p l e  s q ua re s ) .  T h e  d e fi ne d  d a ta  me s h  s i z e  i s  g e ne ra l l y 0 . 3  m b y  
0 . 3  m ( 1  ft b y 1  ft)  i n h o ri z o nt a l  d i re c ti o ns  ( s e e  F i g ure  3 ) .   

3 . 1 . 5 . 5 .  ra w  da ta —d a ta  re c o rd e d  d uri ng  c o mp a c t i o n o p e ra ti o ns  p ri o r to  th e  g ri d d i ng  p ro c e s s .  I t c o ns i s ts  o f 
o ne  d a ta  p o i nt fo r a  ro l l e r d rum wi d th ,  re c o rd e d  a t a p p ro x i ma te l y  1 0  H z  o r 0 . 3  m ( 1  ft)  i nte rv a l s .  

T h e re fo re ,  th e  d a ta  me s h ( d a ta  fo o tp ri nt)  i s  a b o ut o ne  d ru m wi d t h b y 0 . 3  m ( 1  ft)  ( s e e  F i g u re  4 ) .  

 

F i g u re  4 —S c h e ma t i c  o f Ra w  D a ta  
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3 . 1 . 6 .  Ve ta —s t an da rd i z e d i n t e l l i g e n t c o n s tru c ti o n  d at a man a g e m e n t ( I C D M )  s o ftw are  th a t s to re s ,  ma p s  

an d an al y z e s  g e o s p a ti a l  d a ta  re s u l ti n g  fro m i n te l l i g e n t c o n s tru c ti o n  te c h no l o g y  ( I C T )  s u c h  a s  

i n te l l i g e n t c o mp a c ti o n ,  th e rm a l  p ro fi l i n g  an d  s p o t te s t da ta  ( e . g . ,  d e n s i ty ,  mo i s tu re ) .  T h i s  s o ft w are  

c a n  p e rfo rm s t a n d ard i z e d da ta  p ro c e s s i n g ,  an a l y s i s  a nd re p o rti n g  to  p ro v i de  p ro j e c t s u mma ry  

re s u l ts  fro m v a ri o u s  I C T  ma n u fa c tu re rs .  I n  p a rti c u l a r,  th e  s o ftw a re  c an  p ro v i de  s ta ti s ti c s ,  

h i s to g ra ms ,  c o rre l a ti o n s  fo r th e s e  me a s u re m e n t s ,  do c u me n t  c o v e rag e  are a  a n d e v a l u a t e s  th e  

u n i fo rmi ty  o f th e  I C T  me a s u re me n ts  a s  p art o f th e  p ro j e c t  qu a l i t y  c o n tro l  o p e ra ti o n s .  ( S o ft w are  

c a n  b e  do w n l o a de d;  s e e  S e c t i o n  2 . 3 . )  

3 . 1 . 7 .  de s i gn  fi le s —da ta b a s e s  c o n t a i n i n g  th e  v e c to r i mag e  d at a o f th e  ro ad w ay  a l i g n me n t.  D e s i g n  fi l e s  

c a n  b e  e x p o rt e d fro m s o ft w are  p ro g ra ms  i n  v a ri o u s  fo rma t s  ( e . g . ,  D W G ,  KM Z ,  X M L ) .  

3 . 1 . 7 . 1 .  D GN fi le s —are  M i c ro S tati o n D e s i g n F i l e s .  T h e s e  fi l e s  c o nta i n  a  da tab a s e  o f 2 D  o r 3 D  dra w i ng s  

c o n ta i n i n g  v e c to r i ma g e  da t a o f th e  al i g n me n t  c re at e d  w i th  M i c ro S t ati o n .  

3 . 1 . 7 . 2 .  D WG fi le s —are  A u to C A D  D ra w i n g  D a ta b a s e  fi l e s .  T h e s e  fi l e s  c o n ta i n a  da tab a s e  o f 2 D  o r 3 D  

draw i ng s  c o n ta i n i n g  v e c to r i m a g e  d a ta  o f th e  a l i g n me n t c re at e d w i th  A u to C A D .  

3 . 1 . 7 . 3 .  XML  fi le s —e x te n s i b l e  marku p  l an g u ag e  da ta  fi l e s  th a t us e  tag s  to  de fi n e  o b j e c ts  an d o b j e c t 

a tt ri b u t e s ;  t h e y a re  fo rmat te d mu c h  l i ke  an  H T M L  do c u me n t,  b u t u s e  c u s to m tag s  to  d e fi ne  o b j e c ts  

a n d t h e  da ta  w i th i n  e a c h  o b j e c t.  T h e s e  fi l e s  are  fo rma t te d a s  a  te x t - b a s e d  dat a b as e  an d,  th e re fo re ,  

c a n  b e  e d i te d b y  a  b a s i c  te x t e d i to r.  

3 . 1 . 8 .  glo b a l n a vi ga ti o n  s a te lli te  Sy s te m  (GNSS) —a s a te l l i te  s y s te m th a t i s  u s e d  to  p i np o i n t t h e  

g e o g ra p h i c  l o c at i o n  o f a  u s e r’ s  re c e i v e r an y w h e re  i n  th e  w o rl d.  T h re e  G N S S  s y s t e ms  a re  c u rre n tl y  

i n  o p e ra ti o n :  th e  U n i te d  S ta te s ’  G l o b a l  P o s i t i o n i n g  S y s t e m ( G P S ) ,  th e  Ru s s i a n  F e de ra t i o n ’ s  G l o b a l  

O rb i t i n g  N av i g at i o n  S a te l l i te  S y s t e m ( G L O N A S S ) ,  an d E u ro p e ’ s  G a l i l e o .  E ac h  o f t h e  G N S S  

s y s te ms  e mp l o y s  a  c o n s t e l l ati o n  o f o rb i t i n g  s ate l l i te s  w o rki n g  i n  c o n j u n c ti o n  w i th  a  n e tw o rk o f 

g ro u n d s ta ti o n s .  

3 . 1 . 8 . 1 .  glo b a l p o s i ti o n i n g s y s te m  (GPS) —a  s p a c e - b as e d s a t e l l i t e  n av i g a t i o n  s y s te m th a t  p ro v i de s  l o c at i o n  

a n d t i me  i n fo rm a ti o n  a n y w h e re  o n  o r n e ar th e  E a rt h  w h e re  th e re  i s  a n un o b s tru c te d l i n e  o f s i g h t t o  

fo u r o r mo re  G P S  s at e l l i t e s .  T h i s  s y s te m al s o  p ro v i d e s  t h e  ti m e  s t a mp  n e e de d fo r I C .  

3 . 1 . 8 . 2 .  G PS b a s e  s ta tio n —a G P S  re c e i v e r a t an  ac c ura te l y  kn o w n  fi x e d  l o c a ti o n  th a t i s  u s e d to  de ri v e  

c o rre c ti o n  i n fo rma t i o n  fo r n e a rb y  p o rta b l e  G P S  re c e i v e rs .  T h i s  c o rr e c t i o n  dat a  al l o w s  p ro p ag a ti o n  

an d o th e r e ffe c ts  t o  b e  c o rre c te d  o u t o f t h e  p o s i ti o n  d at a o b ta i n e d  b y  th e  p o rtab l e  G P S  re c e i v e rs ,  

w h i c h  p ro v i de s  i n c re as e d l o c at i o n  p re c i s i o n  a n d a c c ura c y  o v e r t h e  re s u l t s  o b ta i n e d b y  u n c o rre c te d 

G P S  re c e i v e rs .  T h i s  s y s t e m c o n s i s t s  o f an  an t e n n a ,  radi o ,  radi o  an te n n a,  an d p o w e r s o u rc e .  T h e  

ra di o  a n d e nv i ro n me n t/p h y s i c al  c o n di ti o n s  c o n tro l  th e  d i s t an c e  th at th e  c o rre c ti o n  s i g n a l  trav e l s .  

T h e  ty p i c a l  ra ng e  o f th e  c o rre c ti o n  s i g n a l  i s  a b o u t 3 . 2  km ( 2  mi )  i n  radi u s  w i th o u t re p e a te rs .  A  

re p e a te r ma y  e x te nd  th e  d i s tan c e  an  ad di ti o n al  3 . 2  km ( 2  mi ) .  

3 . 1 . 8 . 3 .  re a l ti m e  kin e m a ti c  (R TK) —RT K s a te l l i te  n av i g a ti o n  i s  a  t e c h n i qu e  u s e d to  e nh an c e  th e  p re c i s i o n  

o f th e  g ro u nd- b a s e d da ta  d e ri v e d fro m s a te l l i te - b a s e d p o s i ti o n i n g  s y s te ms  ( e . g . ,  G P S ,  G L O N A S S ,  

G a l i l e o ) .  I t u s e s  me as u r e me n t s  o f th e  s i g n al ’ s  c a rri e r w av e  a n d re l i e s  o n a s i n g l e  re fe re n c e  s t at i o n  

t o  p ro v i de  re a l - t i me  c o rre c t i o n s  th a t  t h a t c an  b e  w i t h i n  c e nt i me te r- l e v e l  ac c u ra c y .  

3 . 1 . 8 . 4 .  R TK n e two rk—a s y s t e m th a t u s e s  mu l t i p l e  b as e  s ta ti o n s  to  p ro v i de  h i g h - a c c u rac y  G P S  p o s i ti o n i n g  

w i th i n  a c o v e ra g e  are a  th a t i s  g e n e ra l l y  l arg e r th an  th a t c o v e re d b y  a  g ro u n d- b a s e d G P S  B a s e  

S ta ti o n .  

3 . 1 . 8 . 5 .  re m o te ly  o p e ra te d vi de o  e n h a n c e d re c e i v e r (R o ve r) —a  p o rta b l e  radi o /re c e i v e r u s e d to  de te rmi n e  

G P S  c o o rdi n a te s  fo r g i v e n p o i n t l o c a ti o n s .  
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