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ABSTRACT 

?TS5S to °^in absolf eludes    it^---^ ^ 

SSSSiSS S^SSTS^SÄ»1 oration conditions. 



GRAPHICS DISCLAIMER 

All figures, graphicss tables, equations, etc. merged into this 
translation were extracted from the best quality copy available. 
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I.  INTRODUCTION 

As is widely known, in Doppler (laser) dY^c geodesy, due 
i-n »artiS derivatives associated with observation amounts .© , 
to partial aerivati   observation station longitude and 
orbital IscenSngrnode longitude a, one has the relationship 

below: 
8Ci, ap, f) _ _ 3(<i, A<>, P) (l) 

81 .        30 

The normal equations obtained'ere not fully ordered. Problems 

^nxinitely nu™^P^^^ÄU in 

longitudes we obtain J* *h£* ^^eridian lines.  They are, by 
longitudes« measured from BIH zero meria     another measurement 

difference". obtain absolute longitudes, following 

DopplÄser) dynamol^^^^^J!^1 

Zero point P^
blem%a^t|°aT

eobserva?ions [1]  This type of 
with combinations of ^"J^JSle number of optical 
method requires having a ~"^lS to iS^endently verify precise 
observations which it is P^f^^/of Doppler (laser) optical 
orbits for or having a certai» n™£ °i u PP  satellites being 
satellite observations.  Due to Dopplerj«  £   materials, it 
very dark and weak, ^^J^ dScSSSi^ to make use of 
is very difficult.  JVlsn

a„^;l,4-ionB j.n order to determine 
relatively scarce opt ^al obser vt       ^eclated with Doppler 
longitude zero point ^f^rence questions        ^.^ ^.^ 

SsionHre S^tSS?^^*?^  conditions. 

II.  DYNAMIC METHODS TO DETERMINE LONGITUDE ZERO POINT 
DIFFERENCES 

From now on, we assume that usej.as already been^ad^of 
Doppler (laser) observations and^^i^B aBBociated with a 
measurements for observat^nMtxan  coorüin   differences exist 
certain geodetic net^ork (longitude zero P      d with 
in longitudes) as well as orbit radicais      section, we assume 

^£^^*^™^^*  alS° °btain 3 feW DOPPlSr 



Hnwpver,   the number is 

nations      BelSn- f ^S'zero point differences. 

ihe basic P4n"P^L?encenre the same es dynamrc geodetrc 

"^iS^^-SSiiir.S^ »*-. ^ever, when 

setting out oonditi°°ifj of various  satellites are ae 
to whether %£?^%,& station l°"?^ciude longitude'zero 

ISlUtf ascending ^^^.."cSStiSS^tion.  should 
point differences.     Because 

be (2) 

but are not (3) 

aa, 

■«hi-  ascension and declination» 
^re,   («,6,   i-  ^"c^stanffo? observation va£es  ^ „ 

nvnaS^ geodetic surveying» measured making use of 
dynamic y^ nointed out tnat "/" always 

It  should be point equation   (2)   ^ aiwa*  proximation 
equation   (3)   and measured w e ^ use iterative ap? 
opposite in sxg-WeQare  ^ ^ values of AX   . 

rifficulfto^monstrate that, 
(4) 

85.+ 9l-=0 (5> 

aa,     da 

These are two -£=^^KE«^13
1SSSSte«r3 fongltude 

frPo?nt Sfferencefthen heco^e very s»ple. 
Al ■ 

(6) 
AX -» «o ~ °*. 



basxc principxco    differences. 
iongitude zero point diff ^  ^ 

L is shown in Fig.l. AB « ^Ire there are longitude zero 
is tbfe.lcul.t- ^-su^nga"atWthreeaotnal satellite position point differences.    Assuming alQng locl/   the 
It time t is Po, when there are .^ ^"/^'o .    ¥et, 
rifuratTposSo^or-the satellite at instant t is P o 

„f Errors Along Looi With Regard to the 
SSäÄrS^SSr«-" loint differences 

• +-   i e P '       From equation   (6), 
v,      fhpre are errors along loci,   ^ " ;  '       between Po and P'o when there are e ascension dif?ere?°e ? ht ascension 

°ne
Af however! Sha^we actually 9^ " ^/Spossible to  see 

^errorf inn
§
(d re-ioL.     - . -^paraflei^o \JJ it 

SÄ w^a-nd/f direction -orLar^ 
il.    When determining l°°9£-^Z

eliminating S errors is 
should be elimrnated      As J««^ of differences along loci. 
concerned,   it is  dx=>^ 



Moreover,   eliminating fi^%*B JS^Ä tl\Tc¥oltlr^tlä 
finding a t'   around t,  making Sc and q ±       findlng a point 
4-hat will do it.     Looking at tne rxy.     , associated with P 
£f on CD, »*•*%—SS'SlS? make use o? «o associated with 
X P? ^trS Associated witn P'l,  to oota.n A,       _   ^ 

„ one does this ri^Y^^££^iä" Sf^* 
not difficult.    However,   ^ AA *n^"as Ai is concerned,   it is 
^Liolelo^ruse^f \Äu\Etifoans oeiow to do delegations: 

A2, — A«i — ctg </rA5/cos« 

_ 1 (Ar^«l8cin^—  COS<f>Ag), (7) 
eos3sin</> 

•      i   ^  atinie between  satellite visual 
2Ä A ?irectionshe ^^^ as foUows  I2]. 

(8) 

Here, 

CQS(J>  ™» Ö  ° j) 

sui</> "= — e " #• 

/— sin«\ 

Q = 1      cos« l> 

\     o  / 

p       i 

C-gX — s 
p 

(9) 

H   P   are position vectors and velocity 
in the equationsj P an e J.ve ^ mPasurement stations.  The 
Vectors    OI    Säteiü^" 
algorithm is omitted. riiscuSsed above—in order to eliminate 9    TO  summarize what was  dis^ea a a    far as  condition 
the influences o^witHf art  conceded,   ^ ^ 
equations  associated with A^fcalculations  clearly  show that 
make use of  equation   </; 
^■s™ +-his  is  successful. maice use ^ «-i- "0i,,i 
doing this is successful 



3. Error Estimation ^^'^^^T^^ST^r^ 
i. ^^^^^S'J°cS^S^Tu>  get it fro, negative 

obtain it from orbxt radical and ^ation      ^ variance is 
difference matrix Propagation  f^^^y knows it to be: 
concerned, from equation (7), one conv 

r /     sin <£ \. 

oi» - -TTT-iT l( ^ "CO$</,)Q° V-<»** / sm2</> cos' 5   L 

(10) 
/     sin</> VI 

»"-sr- (ID 

Pro* this,   it is possible to see that "pti^condition. 
associated with observation are      i u      ;ith a relatively 
equivalent ^ observations from a eatell.^ eq BesideE 

^arfancerLsoSatrwitrdrrecrioL^erpendionlar to loor. 

Therefore, 

[oj+ffjh <12> 
an* </> cos15 

to make estimates, m c^e^Wtl|recos2 § > 0.75), the precision of 
observation conditions (sin2 « cos/      ximately 1". As 
AX obtained by an observation is then app     al arcs are 
far as 100 observations distributed in     «    approximately 
concerned, the precisions of AA are, oy 
0."16, that is 5 meters 
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III.    
DIFFERENCES 

GE0METRIC DETERMINATE METHODS EOR LONGITUDE ZERO POINT 

DIFFERENCES 
rtain two observation 

in this section, we assume t^ a cer    network carry out 
station •h»WiSoüM£)cS^nS liscuss Priems  associated 
synchronous observations, 
with determinations of w. 

1. Basic Principles      determined by synchronous 
From the synchronous pla^e a       stations A and B, it is 

observations rA and rB gained fr   BIH-ciO systems. Moreover, 
possible to conveniently convert i      teB obtained using 

SPlincluded--keir hypotenuse directions arej ^ difference, 
within this synchronous plane  On^th ^ ^ nothing else than 
it is then possible     J-J with geometrical methods to 

SSÄS EgäS-^ rA and rB after 
Assume that airec^ 

transfer to BIH-CIO systems are 

(13) 

(14) 

ecnHated with the two points AB is 
The hypotenuse direction associated 

(15) 
Icoscp'   cosZ\       /AX\ 

/-S| cosqo'   sin II-I A^  ' 

an?'     /      W/ 



,     x v   A   ,\     ftM are, respectively, spherical 

lengtj5aking the definition M 

the coplanar condition is then 

n- 1-0. 
(17) 

Due to the existence of iongitude zero point differences, one 

then has 
1 R-l+.n-Af-o. 

I» this, io is a ^eestrement station coordinate calculation.^ 

Stermined by Doppier g™\^£,£  "'Ant differences. 
difference given rise to oy   y 
Obviously, 

/—AY\ 
(19) 

Because of this, the condition elation associated with 

determining AX is 

UAY - BAX)il - AAX+BCY+CAZ.. (20) 

This is the basic equation associated with determining  .AX.^It is 

very ^^nd^htingmatrlx associated with 

Assume that tne  juxno 
synchronous observations  is 

/<*..., «VAI/   °        ° \ 

*-( ff-^_.fv..    °      °   ' (21) 

0 0       <f„gsg     <*sB 



.  of error propagation principles, the elation no 
On the basis of error y 
determine AX is ^-/»rRP,       (22) 

in this,  r   expreß- (23) 

expresses P transpositions, being 

It is not difficult to deduce [3] 

dX      1     „-h-,       -|i----f» (24) 
daA cos8A "i 

dX      1 __i2- 
31 flJ 

*, ' 05B 35B ""       *3 " 
das cosfig 

aiOTp>cos8flsin(«,-«S)' 
Int ' fla».p!p,cos5,sin(«B-«.). 

t-^-n».-».- ^^^COS(-"a8)L (25) 

'0' 

A ■"* 1 0 

„unites to measurement 
A  «n are the distances  from

c^ronous  observations 
Here,   PA and PB « with regard to any synchron° ible to stations A and B      Wi known t is then P fl#     when 
associated with-an «* &re AX variance 1S 

Sere1-: multiple point mean differences^^f^Ughting ^ 
capable of using W -£ 

3       optimum Observation Colons ^ ^ synchronous 
On thS basisof $le tQ discuss optimu, abeerjjatxon 

observations,   it  is Po geometric methods oi ^ must  set 

conditions  associated ces.     It ±B  *^Y
ence matrices R 

longitude ze ropo^ beforehand 3oxnt differen 
up a way o± Pf«*u^    observation. Difference Matrices 
derated «g^."^ *SfflÄi» A fh°Jfd 

ÜU 'ano S?neoonruncnionnwith that,   assu^ng that 
heights are H,   ana, 

o 



satellites are in circular orbits then, wxth -gard^o ^ 
"servation joint difference matrix «,   »£satell?te poi„t 

$$].**  £"£Ä toamaKe ns^of the formula below to do 

calculations: 

/cos* -fc*Y*''0Y'"«*'™*y 
■a'rW  " eo.*A0 -öiA^-in* -co.*/-    (26) 

in this,  »  i- «i^Si?Lading iSaTÄ^* make simply that ^ellxte «bxt a-cendx g^     tudeB to deduce, 
use of subsatellite point ia       rithm is 
backwards, and that is all. 
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. f cos» sin«1 
L~tg T cos« T (27) 

sin« 

Ascending sections are 

positive.  Fallina sections ^.negative.  ^»^Lg'use of 

calculating rs, r,  , P ,     £ ± possible to obtain  <fc  • 
the two equations (8) and (9), ^bser

P
vatioll differences along 

When estimating  "W   „/corvation stations as well as loci falong associatecTwith observation ™L    fperpendicular are 
observation differences ^^™^?j££eJnt.l    ialong and 
oiven. Based on experience with actual m     singie instrument. 
?p^endicular are basically constant^for ^ g^ reasonable 
During estimates of  vfc«   , y   * reSult, when we are 
than directly giving  Q..   •  conditions in this instance, 
discussing optimum observation con method to predict R. 
option is made for ^B^°Ja£iaE£ and perpendicular_£or two 

To summarize after we gav' described above-it is 
stations—under the assumefl agg0ciated with any single 

sÄ^^^^ !t iTtSn ' ' 
SäiS: 2nSSS"c^iSftS^t^ conditions associated 

with geometrical methods.f Discussion Associated with Optimum 

Observation Conditions observation conditions, we made 
in order to discuss optimum °£     ± h iven i^,,, l„9« 
i=+-^n calculations.  In srcu<ii.xuii°     =     H as wexi as simulation caicuxa       fperpendicular = 0  .a, n a 

i = 90k,    ialong - 1 i      pt4^r, cirmq    "i*.    was calculated 
^_ 274A and descending section signs, isc^naxng and descending section signs, 



pÄnary concision, were arrived at.    Oisoussion is eurrently 
aS f0M°W?ne lower satellites a«, the better. 

?ilculations »ere dene of three types of^^ _ 
'o^et^^Ts'not^f'froulTror us to see that the lower H rs 

the better» 

Table  1 

1.50. 

0.50 

8°xi2° &gE¥$<fi, 

1.57 

0.57 

KEY:(1) opt^u» Value (2, Opti^nu» Sone Average Value 

b)  In cases where s and ,.are * «^£S lt 1, 

£££3? to see thaftÄer S*i..  - »ore adv„us 

it is. 

Table 2 

2^ 
8»>U20 J|&E¥*3& 

*-■  «. value  (2)  Optimum Zone Average Value 
KEYS (1)  Optimum Value (z)       *> 

10 



o « aT,H pveraae latitudes are the same, 

From this, ^/L^fnf (A =9oT) is relatively advantageous, 
the same latitude ring (A »»*). 

Table 3 

KEY: (1)  Optimum 
Value  (2)  Optimum Zone Average 

Value 

-30c d)  in cases where ^^^^e^^g^^  is' 

is-^^rp-ible to seekthat? the larger B is, the more 
From this, n- ->-° r 
advantageous it is. 

11 



Table 4 

KEY:  (1) 

n « f>\     Optimum Zone Average 
Optimum Value  (2)  up*- 

Value 

i. very Q^eatly dxfferent.^ ^ differences wxthb^^^ ^ 
distributions, jathoug       vicinity. We ca* i^a 
regions, they are,o^ions in order to seek °£r °

P
to aCCuracy, it 

use of b3 - m^s^utions.  However, with a view  calculation 
subsatellite dl^^methods above to make ^ ^satellite points, 
is b?st .*?, Values associated with various subsa^ ^    is & 
f (,-?0.;  vaiue     timum zones. .D?^9

observations.  In 
thereby searching outo     ^    n^ng °ff distribution 
great advantage with r ^eBtion# Fig.2 gives a     round orbit 
order to elucidate tni H using 3500 Jiiom      looking 
chart associated with  «i»  not difficult to^eetn    ^ 
satellites i « 90,^ I      zones is very impor   ^ 
for subsatellite point p ^ optimum zone observ^ tens Q 

Sonc^^i-^S^iS othereareas.f J-g f?)Vh^arf 
SSÄS - |^^ U Point 
SS^r« Iso discovered the phenomenon that, when 

Besides this, we 
12 



subsatellite point loci and hypotenuse directions are in 
agreement,  <£,    is optimum.  However, due to the fact that, 
if one wishes to fully explain this point, it is necessary to 
have very exhaustive calculations, we only calculated four types 
of A (A=90^, 60h,   30h,  O1^) and three types of i (i=90^, 60^, 45-2) 
cases of ascent and descent, agreeing with this conclusion. 

4.  Precision Estimates ' 
If we pay attention to the most advantageous observation 

conditions,   <i        = 2 observations are not difficult to 
obtain.  As a result, as far as 100 pairs of synchronous 
observations are concerned, if AA determination precisions will 
be better than 0."14, it is possible to match the precision of 
dynamic methods associated with 100 Doppler (laser) optical 
satellite observations.  Here, we must also point out that this 
100 pairs of synchronous observations certainly do not require 
two observation stations which are the same in order to obtain 
them.  Observed measurements associated with any two observation 
stations will do.  It is only necessary that the total number 
reaches 100 pairs, and that will do it. From this, it can be 
seen that geometrical measurement requirements for observed 
measurements are also not high. /154 

12    K    90    94     S3    102   106   HO   114   118   122   126    130' 134   138 
■       »       i       i       i       i       i       i       i       i       i       i        iii 

&7   3/4   34    3.6   3.6   3£   5S   12   3.7 55 

82     86     90     94 98    102    106   110   114    118.122    126   130    134.   138 

Fia 2 Distribution Chart for Nanjing-Kunming Synchronous 
Observation   ^       (i = 90^, H = 3500 kilometers) 

KEY: (1) 
North Latitude (2)  East Longitude 
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