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ABSTRACT 

A d u a l .  fr-c!tlue~icy CitlS r-c!cr:iver meas~l~:i.rl: ior-ic.)spi~c-:I-i.c d e l a y  o r  TF,C ('1'ot.u-l 
E1ect.r-or] Conten t . )  riarrled C:'J.'li-2 was constr,~jc:~.c-:d i n  H.IF'!l (Bureau 1-1-ll.orrlation:1-1 
d e s  Poi d s  c t  Mesur-es)  rl 1 , 31-I(] opt~r.i.it:cs j.11 r - e ~ ~ i l  ;lr bast ,  s i r~cc-  O c t o b v r  1988. 
CRI, (Commun i c - :a t ions liesc.:;irch Labor-a \.or! ) i:llso h a s  c-:csmpletct:l i:i developrr~cri t  of  
t:hc! samc~ equipment .  t h i s  yeax'. Tt has a l rnos t  salile per-Formnnc:es ;IS GTR-2 i n  
BIPM. By u s i n g  t t i e s c  t.wo receivc'r-ir;, \+e havc  l-~c-\gu;-i t o  co1npcns;lit.e t.l~t! tirue 
t - r a r l s f e r  r - e s u l t s  obtaiilt!rl frijrn t h e  ~! . :~ .~r ivcn t io r -~a l  (3'5 t:ime t r - a l i s i l ~ r -  r t r c e i v e - r s  
1)t:I.wcen Japtil-I  R T I ~  EL IT-^)^(: l i ~ i d e r  tlic' c:oopctrntjc:,n 01 CRL anti RTPM for-  ::i 

c o ~ i s t r u c t i o l i  c.jf a t i g h t .  t .  i nip-1. r-arl:;f er- 1 i r i l i  I-iy us-i GPS s e t e l  I i I . ( : .  T h i s  
~ ) a p c r  shc)ws  1 . 1 1 ~  imp~-c.jvcrrrc.r~t a f  (:it's t irl le t . r - t insi(! i -  r - c s u l - t s  by u s i n g  t.tic.! 
i onosphcr-  i c :  r lc la  y s  111c:;isurcd by (.:'l'I<- 2 . 

For a hri gFil y 1.~-arispo7-tab1 ( 2  gci - jde t ic  pu I-posc. VLEJ. ( V ~ l t - - ~  L I - ~ I - I ~  Husc l  i rlc 
I n t . e r f  c!romet.er-) sl.;.it.inn, C : l i l ,  h a s  a i l r i t t i e~ -  ;iplj:Licnt.i iIin pr.ogr-n!n (:;1'K.-2, F(-jl- 

. . 
1.11is compact. VT,BI s t a t i o n ,  wc! a r c  mak i TI); a st i .~t iy  oi I o r~nsp l le r : l  c :  c .o r i i pensa t i o~~  
ol- the! s i g n a l  i-r'orrl r a d i o  st ;i r . s  1-jy u s i n g  ~. .I ic  7'FC ri;:lta c.j k ~ . ; ]  i ricrl f Y ~ I I I  (:TK-2. 

CI<L al s o  h a v e  ;I [?I ;-in 01- a n  i rr!l:jr-oveti ve . r - s  i ori of G'l'H-2 wl l - i  r-:h u s e s  I.hr-: 
ph:isc! i~~for-m:i  l. i (:ITIS of ~ : e ~ ~ j ~ i s ~ . r ~ ~ ~ t e ( i  C : O ~ I  \ . i  T ~ I I O U S  s j .gl~t l l  s ~ b t a i r ~ ~ ~ d  I:IV 111ak.i 118 
c r o s s  c : o r r c ~ l a t . i o n  0 1 -  1.11~: r cce j .ved  T ,  l(1575 . 4 2  M l i ~ , )  :i~id L2(1227 . G  MHz) s l .g~l ;~. l  s 
fro111 t h e  GPS s a t . e l 1 i t . c : ~ .  By u s i n g  \:hi:; r~lethorl ,  it: r a n  be c- :s t i~nated I:hi:!I: 
t - h i s  e(.lui~jmr!rit c a n  11iakp rrlor-e ti-lain !)TI(-: i-)rder- #,.:I: pr-crj.:;e me:llsut c!rncr-~t o f -  t . 1 1 ~  
TRC: thai-1 GTR-2. 

The i o n o s p h e r i c  de1;-iy i s  011(5 (.)1: t : h ~  I-ar-gesl.  S( . )UL-CCS 131 c!rr(-jr f-01- t.b1(.: t i r r i ~  
c nmpa r i son  a n d  t h e  pos i t. i o r i i r ~ g  by u s  i i - I K  C;PS satel 1 i 1 . ~ 2 .  l'lie :.ic-:I.ivitv ol I..li(: 
i.orlc-jsphe~-e d t . ! p~ r~ds  l a r - g e l y  c-jr-I s o l a r -  a(.:[. i v i  t~ wli i c t ~  t-~;-i:i a 1 ong t c r m  c y c l c  t.jf 
about: 1.1 y e a r s .  Thc s o l a r -  acl iv i l : !  wi.11 lje rrulxirri~~~x ar--c.)~ll-id 1C3Y1, t l i ~  c ! f i ~ ~ t : s  (I)(- 

t . 11~  l o r l o s p h e r c  w i -1 l he ve1-\.- ' i ; i r g e  in (:(.,m i n g  f e i L  r.p;,> r.:;. ' l~ i i j  a s  t.1-l.is s o l a r -  
t~laximum is csl: i r r~nted a s  a !,TI( :  i-ii t l - i i :  I cirgcst: I : : ) I ~ ~ ' ,  ~ . t i c . i i ,  i t  j.s ( > Y I I c ' ( - .  t ~ ( 1  t.11at. I..~I(:I 

i o r l o s p h e r i c  a c t .  i v-i t y  w i l l  t ~ t ~ v ~  1;irge c i K c . ( -  1.5 r-lot o ~ l l  v t:11r! time c.ornp;~rison ant1 
t.he p o s i t i n n i n g  l:~ut: 1 . 1  oil 1 .11~ c r , rnmuni ( . ;~ t . i .o i~  1 . j n l i s  v c c ) ~ n m ~ ~ i - i i . ~ : : i L i r ) r - ~  
s a t . t : l l i t e s .  

8 8 I llo c-:or~stru(:.t. i ol-i of (;TI<-% i n  CKL 1-ias c.:l-~mp-Lcted i n  (-1-I? begi  1111 i ng of May, 



1989, ant1 wc! s t a r t e d  i t s  c n ~ i L i i ~ u o u s  o p e r a t - i o n  s i n c - e  t h a L  t i m e .  It. t1se:s ;i 

( l i . r ec . t i onn l  nl~t:cnna w t ~ i c h  h a s  a g a i n  of a b o u t  10 ilBi f o r  L1 a  id 1.2 s i g n a l q  of  
GPS s a t e l l i t e .  I t  hiis a measrirerlie~it p r c c i s i o n  of  about. 2 x e l e c ~ . r u n s / m  of 
TEC and abou t  1 11s of l.,1 s i g n a l  group do1 a y .  

F i g u r e  1 shows t.he measurc!mcnt: r e s u l t s  of  TEC f o r  J u l y ,  1989 o b t a i n e d  by 
t h e  GTR-2 I T I  CKL. T h i s  f - i g u r e  s h o w s  t h c  c s t i - m a t e d  v c r l . i c a l  TEC fro111 ~ . t ~ e  
mci.-isurcc-1 TEC a l o n g  t h e  1  i ne  of- s i g h t  t o  t h e  GPS s a t c l  l i t.es by u s i r ~ g  a s i m p l e  
i o n o s p h e r e  m o d c l .  From t h i s  f i g u r e  1,1 s i g r ~ n l  h a s  m o r e  t h e  10 ns of- d a i l y  
v n r i n t  i c : ) r i  causcd by t h e  i o r ~ c ) s p h c r e .  'Theref  o r c  i l. c a n  be s a i d  LhaL one  must rnakc 
i o ~ i o s p t l c i c  cornpensat: i o n  by u s i n g  a c t ~ ~ n l  i o n o s p h e r i c  dcl.ay t o  p e r f  orrr~ a p r e c i s e  
I. ime compar ison  o r  p o s  i t. i o n i n g .  

APPLICATI-ON TO TIME COMPARlSON RESULTS 

The ma-jor L imc: k e e p i n g  labor-aLor  i f-.s make t h e  rla i 1.y Lime compar i son  by u s i n g  
GPS : i  t .r-ansf 'er r e c c i v ~ r s  unde r  t-he cnmmorl v i  ew[2]  s chcdu l  (! (:a1 c u l a t e d  hy 
R:IF'M. 'They u s e  t h c  convt:!nt. i o n a l  GPS tirrie t r ; l n s l e r  x - e c e i v e r s  whi.ch r e c e i v e  t l w  
L l  (:/A c o d e  s i g r l a l .  o f  t h e  GPS s a t c l l  i 1 - c s ,  a n d  t h e y  r n ~ i k ~  i o n o s p h e r i c  dc:l:iiy 
c:orl-cc t. i o r )  by t.lie i o n o s p h e r i c  d c l  ay model t r a n s m i t t e r 1  Iron1 GPS s a t e l l i t c s .  Thi s 
i o n o s p h e r i c  c o r r e c t  i or1 rrlcjdcl[3] i s  v e r y  u s ~ f t i l  lor- t h e  s i n g l c  f r e q u e n c y  (;PS 
u s e r s ,  bu t  i t  has  T I O ~ :  c n o u g t ~  p r e c i s i n r l  t o  r11ak.c a P I - e c i s e  tirrlc compari.son o r  
p o s i t i o n i n g  . 

B e t w e e n  OP (I);lr- i s O b s e r v a t o r y )  R T I ~  CRL, w e  made t h c  i o ~ i o s p t ~ e r i c  d e l a y  
c o r r e c t i n r l  by t l l c  i.c.)nospher-i.c d e l a y s  m e a s t ~ r c d  1:)y C:'l'li-2 on bo th  s i t e s  i n s t e a d  of  
1-he c o r r e c t i o n  modcl . F i gur-e  2  shows i t s  sh(:rn;-iL i c: c-oncept .  GTR-2 011 hot11 si t .es  
;ir.c-? pr-ogr-anuned t o  make s i r n t l l  tanclous ~rlc.!asurt.n~ents w i t h  t i r n c !  t r'ansf e r  r e c e i v e r s .  

U ~ i d ~ r .  [.11t? c-ommon-vi ew tirric ~ r a ~ l s f ( ! r  sct ledul  e  No. 13 cal(:ul.;il.c..d by HIPM, wc 
h a v ~  8 common-view t r a c k s  f o r  e a c h  d a y  b~t-wt-cn .Japan and Europc .  I+'igur-c: .3 shows 
t h e  t i r ~ l c  cornpar i s o n  I - e s u l t s  for -  t h r c e  man ~ h s  beL.ween OP anti ClIL. 111 L.hj s f i g u r r !  
t.wo cur -ves  a r e  p l o t t e d ,  onc  i s  UTC(0F')-II?'C(CRL) by ~ i s i r l g  raw (1at.a o b t a i n e d  f rom 
ct:)rnmerci;.iL (;PS t:imc.! t . r .ansfer  r - e c e i v e r s  which usc tl-ie i o r l o s p h c r i c  cor-r.ect.ion 
rnoclel and t.he o t h e r  i s  IJT(:(OP)-UT(:(CHI,) c -o r r ec t ed  hy t.hc i -onosphe r i c  d e l a y  
rneasur-ed by GTR-2 01-1 bot.11 si l.t?s, and 1()0 11s of of f s c t  ar.c gi veil t o  d i v i d c  trhcrr~. 
I " igu re  4 shows t h e  zoomcd p10L.s ol: [.he t i m e  conipnr i sor~  r t l s u l t s  of f - i g u r e  3 (11 
d;iys (.)I-  t h e  b e g i r i r i i ~ l g  (-I£ , J i . ~ l y ) ,  ant1 we c a n  s c c  t:l lat l t ~ u  t:i.~ne co rnpa r i so r l  i s  
per- lormeil wi tl-I much h i g h c r  prc:t:isio~-i when t h e  measurcd ionosphc!ri c: d e l  a y s  a r e  
i r lvol  vclcl. 

APPLICATION TO STNGIX FKEQUENCY VLBI OBSRKVATTON 

For  t h e  g e o d e t i c a l  i-il111l i c y ; - i t .  i or1 oL' C1'1<-2, CRL i s p l a n r ~ i r ~ g  t c . 1  ilppl y (:;T1<-2 t o  
VLBl e x p e r i m e n t s .  

ITI o r t l c r  1.0 rc.!al.iz~? :I compact. and h i g h  cost.-pcr-ror-111anc.c s y s t e m ,  a h ig l l l y  
~ . r - ; ~ n s p o r - t a b l c  VLEI s t a t i o n  w i t h  3m ar-~t:er~rli:i is 1-low under- deve lopment  i n  CRT,(4] .  
For  t h e  c o n v e n t i o n a l  gcorl~t:-i (: V I  ,P,T c.!xpex--iments, e a c h  VT,BI s t a l .  i i:)rl makes t h e  
obs~rh;3t.i.c-)11s hy  ~111i.1~1 I 'T .C~I ICI IC .~  (X-bancl and S-hartd) t o  c-:c-mpc-ln3at.e t.tle r e l a t i . v e  
i o n o s p h c r -  i c: d c l  a y  bc.!t.ween b o t h  s i t e s .  T h c r c f ( - ) r - c  c!;icti s t a t i o n  s h o u l d  bc 
c!cl11 i pped the f a c i l i  1. i t-!s for ,  1.1lc:sc I.wn rc!ce i v i ng bands ,  s u c h  a s  fcc tds ,  1 ow T I C  i sc 
amp-l i f  .i.c-!rs, 1 oca l  s i g n a l s ,  backend ctquipro~rl 1.s ant1 s o  on .  

011 t h c  ol.ht!r- hand ,  i l  one  call e s t i m a t e  t h c  io~luspher-i(: .  d e l a y  by usir lg c-)l.hc:r 
met.liod, e a c h  VLBI sL;lCiorl 1l ; ts  n o  need t o  niakc Lhc t111;ll f-r-ec.luer-rc.y measurcmcriL. 
, 7  l h i s  means t h a t  t h c  (-)TI(-! c-:;ITI rc.al i zc t .11~ maxi~iium i l r~ t c r i r~a  c l -  f i c-iency I-or t h e  X- 
band which is 1 . h ~  r1Ii.l i n I r -equenc y band f o r  t h e  gcod(!l. i (: VLR.1. measurement  , and 



r c d u c e  tl-ie VLBT fa(: i I i t i e s .  Ttlese meri  t.s :Ire vcry K e c t i v e  f o r  s m a l l  rilrjl-1 i 1 e 
VT,HT s t a t i n r i s .  

]"or  this p u r p o s e  wc! ;I r-t: p l a i ~ i l l g  i i  i ngl  (5 f r i l ' ( l ; r ( !~~e:~  i LEI cxllclr- i men t s  h y  11s i ng 
our-  tli g h l v  I . r . : : insporta  b l ( !  V I , K  1 s t a L i o l - I  cinci GTR-2, i lip kt1'y sul).jcc:.t i n  T l l  i s 
e x p c r  iment  is hnw I.(, e s t - i  mate  [.fit! I onosphc:r- i.c: cie la! c:,f 1.11(! 1 j.1-112 o f  si ~ h t .  tc, ~ 1 1 ~ :  

r a d i o  s l .ar-s  f rom t h a t  o L  t.lle GI'S s ; i t . e l . l . i t e .  To 5 t u d y  [ . h i s  su1j.ject. we ar-c  making 
s i m ~ ~ l t a r ~ c o ~ i s  obse rva t i c - )u s  of  t h e  i1orm;il. two ~ ~ c ! ( ~ ~ I ( . : I I c I ~  j,TL31 (.'x~)t:!~.-i.llle~~ts illld C'SR-2 
observnLio1-1. 'The shcrn;-il.ic: i -oncept  !:1; i l e i1~) ted  i r ;  i:i>;ui.-e 5. 

MORE PKEClSE MEASUREMENT 

A s  1.11~- I:'I'K-2 us(:% i1 I..ec.Ilriiq~~c! oL t-he arnpl i l.ude .11e;3sllr-c!mc.n-t of thc! c r -oss -  
c o r r c l  ;it.ed s i g r i ; ~ l  kc Lween rc!cci v ~ r l  L1 a n d  T,2 t i -codc c - , i  ;.lie GPS s ; i~c ! l  l.:i.t.e? t l l c ! ~ ~  
thc: mcasuremerit l)r-c!c i si on of TFK i s l.imil.c!n 1-11- I..l-~c r.3 t i n  ;-)f 1 . 1 1 ~  r-eccivc-:rl 
s igna1.s  and r.hc! per-i.od of !.I)(! P-ci-lde c:-loc.li r a t e  (:l!jt;ul.. 100 ~ 1 s ) .  Nailiely I.Flt+ 

pr(:c i si on is pr-opor-t:i o11d tc-, 1.I-I(.: perii:)ti oi :+ i g n a l  ar~ri  :<quare-root :  oi: inverse: of 
S/N ri3L i-o. Ther-ef n r c ,  t.o 11ialce pr.c:c: i se n~eas~~rc:rric!l-i t .  (:)I- T5C: , \.\I(! 51-ioulc! i lsc!  ;I h i g h  
gii i.n arlterlria t o  i ncli-ease S/N 1-;1l. i o o r  a lol ig  i ntegr:iil..lon I.lme t o  inr : i -ease the! 
n u r ~ ~ b c r  oL s a m p l e s .  

Fot- 1.~1-le i - ~ t h e r  s o l u t i o n  t n  in-lpr-ove t h ~  r.ic:;lsurr+i:icri 1. p r . e c i s i o r l  , w e  a r e  
pl;.irlrl -i l-lg a more prct-: i sc.! d e v i c c ,  ~1;inlcd 1T1<-:3, wl-! i cI-I s s c s  l.11(! p h a s e  m(!;isur--emerit 
tcr:lll-iiclue of t h c  rc!c:onstr-rlct~(1 c o l - l t i ~ l u n u s  s i i : i la ls  wh-ii:ii h a v e  t i l e  fr-equeilcy oi' 
T,I -L:? a n d  T,l  +T,2. By usi rig 1.h i.s lnetlhod, wc. cari usc !.ti(+ p e r i o d  of ;11jout 2 .  F3 ns 
( I -o r  T,.I-T,2 s i g n a l )  nr~ti  aboul .  U. 36  TI^ ( I-or- L1+1.2 5: i y n a l ;  . T3y 1.1s ing  this 1neL.i-ioc! 
we can  irripr-ove - the mcnsi~r-cment 1 7 r ~ ~ i s i i j l I  13f ' . rK  riy I ~ I c ) . ' . ~  irhcir c - ) r i c :  a r - de r  cc-)rr~p::~i-ed 
L.o t h e  GTH-2 method.  T T I  I . t l i ~  1lletlh0~1 W i : !  S J N J L I ~ C I  ? J S ~ :  (.lie C C ) ~ ~ C T C I I ~ .  1o~: t l l  s ~ ~ : I : I . ~ s  i1-I 

t h e  r(-!(:(.: i ver- f'(:)r t h c  :i i gi.i;ll p r ~ 3 c ~ s s i l . l g  I.(.) k e ep  t11c pli:lse i r i f  nrrr~;.il. i ~1;s. Fip,111.<! f.i 
shows I . 1 1 ~  111 ock d i ag rn i r~  u! t.l-I-i..: r~(:i .!i  ~ ' c :  I - ,  

Nornial 1 y , t.he ambigtli.1.y ijfl peric-)d 01 t.1-IF. :i:eas~lr-c:~;jc?nt. s i g11 ;3 l  i s c,ne i-~f [ . t i ( :  

l a r g e s t  p roh l cms  t.o be snlvt-!d, hut thc. 111cl.~!lc>0 l>~e:-itic-jri~;: ::11jove 1.13s 311 advan tag ( :  
for (.I-1i.s p ro  bl(-!rr~ (:ompared I.(-) ol.11c:r. m e t l ~ o d s  . I i I t 1  d i sc-~rss io i i  w i  11 b(-! 
tnadc i 11 t.l-ie ot hcr  ncr-: ;:I s i on . 

CONCT .USTON 

iJs-i l - I R  CTR-2 on b o t h  s i L.es c-j:i .tiill? co~npari:;i-)i-I s l.;! i . - .am, tl-ic! i l~~provcrncl-I(. o l 
t h e  prc.!c: i s i o n  of t i r r r c :  comparisori  w t l r - c :  olj tairlcri  , I I: t h e  rase! o l  l o r ~ g  c-l i s t a n c e  
I L ~ I T I ~ !  c:.rjmparisori l-)c!~.wt-.en OP al-ir-1 C'ltI,, 1v.e ~ ' 3 1 . 1  ? P I .  ~ . l i c  r:iis , ,n r . i ; l t - io~-~  of i<::;s 1.1-131-I 1(3 
I S  by  I S  i I I i o ~ 1 o 1 1 - c .  I 1 t 1 i . 1 1  1) I - . I i s X ~ ~ I I I I  1:. / 5 
c :ont inuous ly  ~ : ~ i d e  urldcr tl-I(! ~ :oope~-a t : . o r~  I~c-!t.~iec+r: 1.-RL ,:[--~.r i < l P M .  A s  C'l'Tt-2 hiis r l  
si.mple str~.lcLur-c! ;i.ntl e a s i l ?  :nillc(: a TEC: rri~a:;ur-e111.ient, !::.ic:~~ it c . 1  I i l l  wid(-: 
c101nai.l-I..; ol- s c i e r l c e  R T I ~  I.t:~.j.~l-ioJ.~gy [I(.):: c)nl \j i 11 t i r : ;~  corrlpci r i  so1.i o r  gc.c.~desv . 
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