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ABSTRACT 
The mode parameters for EPS common view time trunsfir is eslimuterl und nti lrrzbirrvcd 
weighting method (UBWA) for dulu in GPS common vicw is di,vcrt.v,vt'rI irt this pnpcr. Tlzc 
one 1 jitter o j  each time series is [letermined by the stundurd de~,iation o j  residual.\ of 
polynomialregression, which define weiglds wed to comprtle u weiglrtcd cr cto-crge. ii vcru~ilrg 
the douhk diflerence ohservabks duringan inlcp-ul length (30 rh~ys), the .sy,s/oniutir. biirces 
exislingbetween every two timeserie,surecorreclcd in constrrnt ntorirhly rclirtive to (I rr:brenre 
lime series. Th.e GPS common view rlu/a among ilrRC in Ollcr w r r .  NBS in Ilortlrlcr rrnd 
USNO in Washinglon DC, ure calcululed hy usirlg rlrrce difi,t.rrir r~zc!holl.\l.\: UH II41, eqrrrrl 
wei* averup rnethd (EWA), and direct weighling nlcthod (DIVA). Tlrefinrrl wcighlerl 
averupLr are compared in t e r m  of 1 (standard deviation of ressidrralj, ,411an vnriunce 
(frequency stability) andlime discontinuily (cua\ed by increcrsinzg or rZccreuCI~irrglimt..\t~rieL~). 
Resuhs showed that UBWA ir superior to the others. 

ESTIMATE FOR MODE PARAMETERS 
GPS single difference observablcs between stations reflect rcccivcr clock dil'fcrc~lces bet~vccn stations 
directly and apply to high precision time comparison widely, i.c. the so callcd conimon vicw rnoclc. Its 
model equation can be expressed as; 

1 / ~ { R , , ( T ) ) + ( ( / . -  f , ) / f , - - 9 1 * -  f ,)/f,)( I - (,)+ t A , C l ~ i l ) +  1 ,&(11-olj)  ( 1 )  

where Aand B refer two stations, i refers thc satellite, I is the cpoch lor. ~-ncasurcnicnt. I ,, ( i ) a  11 ri i ,, ( I ) 
arc the time readings at stations A and B respcctivcly, and the cnrrcctions have been rnadc on lhcse 
readings for the ofl'sct of the rcccivcr system timc delay. A' , , , a r ~ d  R ,  are the distances horn xi~tcllitc j 
to stations A and B rcspcctively. f , a n d  f, are the receiver clock fr.cquencics a t  stations A and R 
respectively. f , is the satcllitc clock frequency. I , , ( ~ o r z )  and I ,, ( ~ r o p )  arc the diffcrcnccd iono- 
sphere error correction and the differenced troposphcrc crror cor~cction, rcsprt:livcly. 

A common view track which repcats every sidcrcal day Je i~t ic \  :I ti~iic series ~o1711)~11illg the clocks at 
the two stations. Each timcscrics represents the tirnemeasurcmcnt oi signal l ) rnpagi i t~o~~ OVCI .I specific 
path from one station to the satellite to another station. Changc in p ~ t h  is c,iuscd b\~d[ff ; . rcnl  satellite 
or different measurement timc, and forms dil'krent tit-nc scrics. Sorrle cxpc~  imcnt\ h:~vc I c l~ortcd that 
the different time serics between two stations has not only the diffcrcnt time litter, but 'llso obvious 
systematic bias. Through analyses of GPS various diffcrcncc observ;~l,lcs, ~ h c  rcxa\on f01 cxisting jitters 
and biases could be understood. For difrcrcnt measurement georncLly and mcasllrcmcnt cpnch, GPS 
various error sources which include ephemeris, ionospheric and tropospheric modclr, receivcr cnor- 
dinates as well as frequency offset between the reference clocks 1i;lvc dilkrcnt effccl 01-1 GPS singlc 
dilference obscrvable. 



Assuming GPS common vicw time series is a constant linear discrete timc system. For a spccific common 
vicw time series i, Z, (k)is  defined as the optimal estimate of the ithcommon vicw rneasurcrncnl X , ( / i )  
the observation equation is: 

Where, for one dimension scalar timc comparison, the coefficient ni;~trix ID,  = ( 1 , O ) : i refers to the z t h  

common view measurcment ( i  = 1 , n ) ,  k refers to Lhc k t 'Vay  ( k  = 1 , 111 ) , I / ,  ( k )  is thc systematic part 
of the error which includes the frequency offset and drift between thc reference clocks, propagation 
error, ephcmeris error as wcll as receiver coordinatcs crror. k ' ,  (k-)is the random pcrturhation part of 
error which includes the random perturbation of atomic clocks as wcll as the mcasurcment noise caused 
by propagation, ephemeris and receiver. 

The systematic bias U ,  ( k )  between the i thtime series and the ] l h  timc serics is dclcrrnined by the GPS 
double difference observable t ,,,,(i ,,)over an intcgral data lcngth ( a b o u ~  30 days) and thc average 
value is Bias which is used to perform correction in constant relative to reference tirnc scrics. The 
simulation or the deterministic properties of a time serics is using polynomi;ll, 

~ , = n +  b ~ , + b ~ : +  . . .+ h ~ :  ( 3  1 
Applying linear regression to measurcment data set T, nr1d.l ,(A-) , thc coclt icicnts of thc l~olynomial 
are determined by least mean-square estimate. Thus %,, the optim;il cstiniatc o f  thc rricnsu~-cr-nent A',, 
is obtained. It is important to cxamine the confidence in tllc result hy taking the residual 
A ( k ) = x , ( k ) - % , ( k )  as thees t imatcofE , (h ) .  

First, thc sampling time, z , for common vicw time series is usually one day. Assunling I ? ,  is Gaussian 
noise process, it includes mainly thc white frequency noise and flicker i'rcqucncy noise. So, E l  is well 
modeled by equation (4), Allan variance. Thc mean squared tin-re crrnr is expressed hy cquiition (5). 

When the calibration intcrval T ,  = r -: 1 d a y  , c 2  is twice as I;irge as o j  ;, and i t  is not rlivcrgcnt. 

Secondly, the typical residuals curve for ;I common vicw data lcngth o f  about 135 d;iys is in Figurc 1. 
Let 
X = [ ( A ( k )  - k 'n, ) /cr ]  = 300 ( 6 )  

where, mean value E ., = 0 so, the normalized distribution cunre [ F (x  ) - .V ] is in Figurc 2. It conforms 
obviously normal distribution N (0 ,  cr ). 

Hence it is reasonable to havc 0 ,  the standard deviation of residuals as the one sigma jitter of time 
series. RMS, the standard deviation of GPS double difference gives :in estirnnlc of me;isurerncnL noisr: 
ofdouble difference ohservables. The variance ol'doublc diffcrcncc between t lie r th :tnd the I "' common 
vicw timc series is S ;,. Applying the N-corner hat technique, thc variance cxtim;lte R M S ~  of the i L ' t a n  
be completed: 



Thus, RMS can be considcrcd as the cst ima~e ol' measurernzni ntrist) l'k. 

Bias, 1 and RMS are three major paramctcrs uSGPS currlrrlorr view I lnnc scr icx. 'I'hc ~ :O~I I I I IO~I  VICW dsra 
from MJD47011 to MJD4727X among NRC, NBS and LJSSO are djvi,Icci ;inti calcui;t~ccl rnonrhlv. Tablc~ 
1 gives the data status. Bias, 1 and RMS arc calculated in eaulr da t,i :;a:tion. !'ak~np a n  cxa:~iplc. TalAc 
2 lists the values of Bias, 7 and RMS Lor NRC-TJSNO link and  c1::ta \c:tiorrs from : !u :I 

The results in 'Table 2 are signifiican~. 
1. The Biascs ol'timc scrics ovcr five data secriot~:, :xc q:i!!,t: st;~ble I h c  vi~i-l:~bicvaiuc rs aniy 

scvcral nanoseconds. By using linear regressior!. r 111: ;ii-cl-il!~c' i,i.?rrcl;l~ii)n c~)ciCicii:~x?; are 
0.1 5 and 0.27 Lor 1-Bias and RMS-Bias respect~vely. -!7-: 14 ~ndicatcs :i Fi'uct t h:~t s.sicrnnllc 
Bias is indcpcndcnt nf random perturbat~oiz, hence :: 15 :~cut:~~t:il-~lt: :o c:::-1-i:cr !.'I;I~ irl 
constant. 

2. Usually thc Z value is larger than the RMS .:arrie. 'I h~ r ss~luc  sccr~is lo hc c-or r ciatitc tc- 
thc data section, e.g. the "/value\ for rjll ~ W C J V L  ~ i m c  SCT IC., ~ L ~ C O ~ C  h r g c  rrl  d i i ~ a  scc-lion 
3, but  thc RMS value is not correlative to the diltil a c ~ l  Ion. ' I ~ I c s ~ :  ; C ) I I ~  (31 111 I ~ T  3 1 1 ~ b c  

analysts: 1 is Lhc sum ~1 cystcrn nolsc and I I ~ ~ ~ X L J S C ~ I ; C  11 I:~~Iu: w h l l ~  J<MS ii ~ , I I I ~  C:) 117,' 

measurement noise. 

3. Thcvalues of >:and RMS are ~;orrcl:rtivc t o  thc  ; i ~ ~ i :  xc:-is.:, i-~as!cally, :i;ld Il~c Ri :~s  1i:r it:ai:n 
time series is quitc stilblc. 7'h:is. thc: rimc scr!c\ i.riu!cl i.12 ?-ck~-i-cd lo a i  in~icpe:iden~. r : i c i l  
other and to weight in one uver v>lri:tncc i h  o;)l;i;-~uiil. i <~.:;tils~: ti-ii: r.i.,r:cIa licr! crjci'l?cicnt 
of Z-Bias is small than that of KMS-Elas,, ti? h:nv r ;!:; ,);7c :,ig:li;t jil~cl- oI' l i n x  S C ~ ~ C S  is 
preferred. 

4. Thc above results are obvious not only for NIECI-I;SP;;O iink but also I b r  ;l'KC:-NBS link. 

UNBIASED WEIGHTIhC: 34 EIHOib 

Based on the above analysis, an algorithm I,r proccssir1,g c:su r:! GI:'% co;nnioil viczb ti :~lc ::i,t?lp:iris(.)n 
is recommended to be referred to  ;is linhirtscd Wcigh~inp Mcthori :T.:aW:Zj. It !I;IS ~I:IC ~ 'o!!~~~wir:~ ic21- 
t urcs. 

, , 

1. Averaging the dcruble differe [Ice oi:)selvr~blos ciiit-l!~i. I r?  I?? tcgr-,!, i;:igii-~ i - -  ::(; d;~! x ,. m i  
systematic biases existing l ~ e t ~ ~ e c n  ever! w o  ri1.1;~: sci-ic,? :I:-c t:ol-rcc.~;::i ' i - 1  i : ~ _ > ~ ~ ~ L ; t l i i  !!~i;nl.hi\ 
relative t o  a rcfcrcncc t111:i: SCT~CS.  

2. T h c  one sigma jiltcr of cach r.irue series i.; ~!<,t~>~t?lii~i-:;l 1317 tnc sl;tnci.;ir~! dcviatii.~r~ 1 (>I' 
residuals of polynomial regression, which dci'i!ics wcigi-!!s in onc ovcr Z sc!uclrc. 

3. Usingrawmeasurenlent data at all, n o ~ n t c ~ p ~ , j ; ~ r . i u n  (11. c:x!.r:ijloiiition 1'01- losing cin~apolnls. 
For bad points, it can be identified and rcmuweri b? ci:!-i!!l:.~tcr 111-(.yr;tl~i. 

The stcps and formulac for UBWA are as iirllows. 'I'hc:: kt;'- i l ; ; ~  <;i:ii r ti2 j!jl j>:~!j: ~:C),II:II~JII i,i::iv A;;rn 
between two slations is Xi(k), and thc i th  path common rli;\ :inlil i r r :  ~i ti!l~r. Sci irs: 

Where, m is total measurement days, in pr;~ciii:c : l l . = ? l n  ~ i r .  ,; :I;II.,I .-.,.:II;-.II:. I - . .  11, i'! J:, , . ~ u n : t ) ~ : r  i;!' 

common view paths cnch day bclwccn two ctat~nr,s. Sn :,(]I;'! :.:::? !: ,:...;;" sc'r. ic ' i .  rjo ;i':r;r si.jci,lrcr ! i r  iirr 
the ith time series and calcuialc t h e  slantlard clcvi;atinn :<, oi ri:si:il!;i.x. :;Ic!: 1 .2~ :  ; .~pt ;~i i~lnl  \\.t: i?,t- ,~ f ' i~ : '  t h ~  
ith series is: 

Choose a reliablc and continuous timc scrics as reierenoc c\ne I I : ~ I ~ X I S  !he it:''. ' j ' h ~  doui:lt: ~iir'lr-i.ncc\ 
for all other series relative lo rcfcrcncc onc-can kc c;ilcr;!atcrI. 



The average systematic bias Si between lhc ith series and jth series is: 

Thc Si value is used to corrcct the daily data nl  the ifh time scrics, 

X,, = X , ( k )  + S,  ( i f  j ; k =  l , r n )  

Considering the losing data points, the daily weight for the ith timc series needs to be calculatctl, 

w r k  = W~ X , ( k )  # 0 

Finally, the weighted avcrage of n time scrics at the rncasurcmcnt epoch of the jth time scrics can be 
obtained, 

The common view data among NRC, NBS and USNO arc computed by using three different methods 
from data files extending for a length of about nine months. Thc time series of final weighting avcragc 
arccom ared in three performance characteristics. The three met hods are: Unbiased Weighting rnethod 
( u B W ~ ) ,  Direct Weighting method (DWA) which does not corrcct the systcrnalic bii~s, as well as Equal 
Weights method (EWA). The three characteristics are: lhc standard deviation 1 o f  resicluals of poly- 
nomial regression, the frequency stability Allan variances at difkrcnl si~rnpling tirnc and thc time dis- 
continuity caused by incrcasing or decreasing thc number ol' timc scries. Resulls showed that UBWA 
is prior to thc others. 

1. Data Glc is divided into tcn time sections showed in 'I'ablc 1 and computed in thrcc 
methods monthly. The wcightcd average scrics UBWA, DWA and EWA are 
obtained respectively. The slandard dcvialions >: of residuals of three tirnc scrics 
are listed in Tablc 3. T11e UBWA results are bcttcr than the others, they arc about 
4.9 ns for NRC-NBS link and about 2.4 ns for NRC-USNO link. Thc >'value is lhc 
indication of timc pcrturhation of timc scries. 

2. Thc lrcqucncy stability Allan variarlccs a1 sampling timcs of' 1, 2, 3, 7, 12, 16, and 
20 sidereal days arc caiculnted for UBWA, 11 WA and EWA weightcd avcragc lime 
scrics respectively. Rcsults are plollcci in Figl~rc 3 which has cnordinatcs log 
log 6 , ( T )  - 1 O log i anci T in seconds. lJRWA scrics h;is the best I'rcqucncy 



stabilities. The o , ( ~ )  is bcttcr than 1 part in iljr sampling times of fivc days 
and longer, this mccts the requirements of high ~~rccision tirnc and frcqucncy 
comparison between timing laboratories. 

3. Rccause of the existence of systematic bias, llle t l m c  discontini~ity could appcar at 
thc conjunction point between two conscci~tiv~ da t a  scction uhcn thc  wcights of 
time serics changcd largely or the 11~17i17~r 01' iir~lc scsics itlctc:~scci nr ciccrcased 
cspccially. Due to correction oSBias. ~ h j r  rf't'eut shoulcl hc not obvious Lor lJHM1,4 
mcthod. During data scctions 1 to 5 lrorn h/lJFl47 r 44 to 4727S, the n ~ ~ ~ n h e r .  o f  t ime  
series was changcd irltcrltionally tu cx~um t lie pcrssible time discontinuity. The 
computcd results are listed in 7'ahic 4 and thc Iirnr discontinuity is the smallest for 
UBWA mcthod. 

4. In UBWA method, it is requircd lo choose a refcicncc time scrics anci to correct 
systematic biases for other time scrics rclrltive ,r> the ~-el"c~-cnc~c one. For large 
geographic area or multistation GPS common vicw iiata, it  is nut possil>lc to find a 
cnmmonrcfcrcnce time serics. But, this ctrn bo sv:vc:J hy ustng rclcrcnc~: tirrleseries 
relay rnett~od, and timc accuracy could he cnsul cil 
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'I'ablc I .  Data status 

section MJD 1.11 tcr~,:~! 
(days) 

? 1 
3 1. 
3 1 
:: 1 
15 
3 1. 
3 1 
? 1 
3 1 
13 



Table 2. Parameter estimate for common view time serics (NRC-USNO) (ns) 

Path 031 061 091 092 093 111 112 113 121 122 123 131 
1 -4 23 -13 14 -1 17 23 20 -18 20 16 
2 -5 24 -13 -12 -4 -16 22 18 -16 20 20 

Bias 3 -1 28 -7 -13 -4 -15 22 24 -18 25 16 
4 -2 24 -13 -14 -5 -16 23 21 - 9  22 17 
5 3 22 -13 -7 0 -14 25 21 -I6 21 19 

1 3.6 3.6 3.4 4.1 4.6 3.4 3.8 3.4 4.6 4.5 5.1 3.7 
2 3.8 2.5 3.6 3.1 2.6 4.6 3.3 3.4 4.2 3.3 4.9 3.3 

L 3 8.6 8.4 12.5 7.4 8.9 8.0 9.9 8.6 9.4 9.2 10.2 6.9 
4 4.8 5.4 5.2 5.2 4.9 4.5 5.3 4.0 4.8 3.4 5.3 5.6 
5 5.2 4.0 4.9 4.2 5.8 4.5 4.7 6.0 6.1 3.3 6.1 4.8 

1 2.8 3.6 3.3 3.2 4.2 4.0 3.0 1.6 4.4 3.5 4.2 3.4 
2 3.1 2.1 5.2 4.5 2.8 4.4 3.0 2.7 3.6 2.7 4.7 3.0 

RMS 3 2.7 2.1 5.8 2.3 2.6 2.2 4.8 2.9 2.0 3.3 5.0 3.8 
4 3.2 3.2 4.4 2.8 2.5 1.9 4.6 2.6 5.6 2.4 4.5 3.0 
5 1.6 2.6 5.8 4.9 7.8 1.5 1.7 2.1 4.8 2.2 3.0 3.4 

Table 3. Z values of weighted averagc timc scrics 

Table 4. Time Discontinuity (nanoseconcls) 

section NRC--NBS (ns) NRC-USNO ( n h )  

UBWA DWA EWA UBWA DWA EWA 
1 5.04 4.94 5.08 2.28 2.93 3.02 
2 3.79 5.24 5.24 1.73 1.73 1.81 
3 10.15 11.86 11.62 8.1 1 8.16 8.53 
4 3.87 4.08 7.02 3.56 3.73 3.78 
5 2.03 3.71 3.45 4.02 4.18 4.34 
6 5.68 5.91 5.97 4.1 1 5.32 5.82 
7 6.90 7.48 7.75 3.26 3.74 3.67 
8 4.38 4.54 4.68 2.76 3.82 5.10 
9 4.18 7.82 0.87 4.13 4.26 4.29 
10 1.66 2.60 2.71 0.44 4.94 4.1 0 

1 4.86 5.82 6.34 3.44 4.28 4.45 

Data section 5 - >  4 4 - >  3 3 - >  2 2 - >  1 
Number of timc 12-> 10 10 -> 12 12 -> 10 10 -> 12 

serics 
Conjunction 47158 47188 472 1 8 47248 

Date 

NRC UBWA + 1.7 -2.0 + 1.9 -2.0 
I DWA -1.7 -7.3 +2.3 +3.2 
NBS EWA +4.2 -4.2 -t 4.0 -3.7 

NRC UBWA -2.0 +2.4 -0.4 -1.1 
1 DWA 2.2 -1.2 +5.4 -5.2 
USNO EWA +3.6 -2.3 +3.5 0.7 
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