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ABSTRACT

Longitudes associated with Doppler (laser) positioning
measured by survey stations only possess relative significance.

In order to obtain absolute longitudes, it is necessary to
Doppler (laser) network longitude zero

determine orientations of

points in i discusses making use of
cmall numbers of optical observ
zero point d
geometrical
discussions are

BIH-CIO systems. This article

ations to determine longitude
jfference questions, giving dynamic determination and
determination methods. In conjunction with this,
made of their.optimum observation conditions.




GRAPHICS DISCLAIMER

All figures, graphics, 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) dynamic geodesy, due
to partial derivatives associated with observation amounts &
and A with regard to observation station longitude and
orbital ascending node longitude @, one has the relationship
below:

a(P: Do, P) - — a(P’ Ap, P) (1)
01 . : Er
The normal equations obtained are not fully ordered. Problems
have infinitely numerous multiple element solutions.

In cwses where there are Ino optical observations, in
empirical measurements, the longitude Ao associated with a
certain observation station (designated the zero point station)
is usually given in order to resolve this difficulty. However,
longitudes we obtain in this way are not then "absolute
longitudes" measured from BIH Zero meridian lines. They are, by
contrast, “relative longitudes” measured from another measurement
start point (a place ‘o to the west of the zero point station).
The difference between observation station relative longitudes
and absolute longitudes we designate as "longitude zero point
difference"”.

Obviously, in order to obtain absolute longitudes, following
Doppler (laser) dynamic geodetic measurements, it is still
necessary to determine "longitude zero point difference".

In satellite earth surveying outside of China, longitude
zero point problems are solved by the use of methods associated
with combinations of optical observations [1]. This type of

method requires having a considerable number of optical
observations which it is possible to independently verify precise
orbits for or having a certain number of Doppler (laser) optical
satellite observations. Due to Doppler (laser) satellites being
very dark and weak, if one wishes to acquire these materials, it
is very difficult. This article discusses how to make use of
relatively scarce optical observations in order to determine
longitude zero point difference questions associated with Doppler
(laser) dynamic geodetic networks. In conjunction with this,
discussions are made of their optimum observation conditions.

II. DYNAMIC METHODS TO DETERMINE LONGITUDE ZERO POINT
DIFFERENCES

From now on, we assume that use has already been made of
Doppler (laser) observations and dynamic methods to acquire
measurements for observation station coordinates associated with a
certain geodetic network (longitude zero point differences exist
in longitudes) as well as orbit radicals associated with
segmental arcs of various satellites. In this section, we assume
that certain stations in this network also obtain a few Doppler
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(laser) optical satellite observations. However, the number is
very small. It is not possible to make direct combinations /148
with Doppler (laser) observations in simple ways during dynamic
solutions«—solving for absolute longitudes of observation

stations. Below, W€ discuss how,

in this type of situation, to

determine questions of longitude zero point differences.

1. Determination Principles

The basic pr%nciples of dynamic methods to determine
longitude zero point differences are the same as dynamic geodetic

surveys. 1t ig simply that, nowv,

relative measurement station

locations as well as satellite orbits are already measured by

Doppler (laser) observations.

difference point AA which 18 an u

setting out condition equations
to whether or not orbits of var

cases with given zero point station longitudes.
tudes R also include longitude 2z€ro

" gatellite ascending node longi

point differences. Because of this,

be

01

'(6 @ 8)

but are not

There is only one longitude

nknown gquantity. However, when
it is necessary to pay attention
ious satellites are determined in

As a result,

condition equations should

8(a, 8)\ & ' 2
%)Al—n(ao——a‘, 80—”3;)9 ( )

(3)

(as, 8) A ’ C
14—5’;‘&)‘4&1-(«,—%,'89-—8,).

Here, («,6) ig satellite right

ascension and declination.

Subscripts »o" and "c" stand for observation values and

calculated values associated wit

dynamic geodetic surveying.

h observation station coordinates

and orbit radical calculations obtained during Doppler (laser)

1t should be pointed out that «,6 measured making use of

equation (3) and measured with equation (2) are always
We are not able to use iterative approx1mation

opposite in sign.

methods in order to solve for true values of AA

difficult to demonstrate that:

_a_‘f_+

o1

85

o2

These are two extremely jmportant relationships-
s equations associated with determinations of longitude

condition

1t is not

8o 1, (4)
09
98
20 (5)

From these,

zero point differences then pbecome Very simple:

Al == ag — . (6)




obviously, at this time, dynamic golutions and multiple
point mean differences are all very simple. The above are the
pasic principles associated with dynamic methods of determining
longitude zero point differences.

2. Elimination of Errors Along Tracks

aAs is shown in Fig.1l, AB is the satellite vision locus. CD
is the calculated locus in cases where there are longitude zero
point differences. Assuming that the actual satellite position
at time t is PO, when there are errors along loci, the
observation point is P. In the 'same way, the correctly

calculated position of the satellite at instant t is P’'o . Yet,

Fig.1l 1nfluences of Errors Along Loci with Regard to the
Determination of Longitude Zero point Differences

when there are errors along loci, it is P’. From equation (6),
one knows that the right ascension difference petween Po and P’o
is AA. However, what we actually get is the right ascension
difference of Po and P’, AA. As a result, it is possible to see
that the influences of differences along loci on determinations
of AA are very great. We must study methods of eliminating this.
The key toO eliminating differences along loci is equation (5).
From equation (5), one Knows that AA certainly does not give rise
to errors in & directions. As @ result, in Fig.l, AB and CD are
parallel. Moreover, PoP’oO and A axes are parallel. To say it
the other way around, S direction errors are not given rise to by
AL. When determining longitude 2zero point differences, they
should be eliminated. AS far as eliminating § errors 1is
concerned, it is also the elimination of differences along loci.
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Moreover, eliminating § errors is convenient. It only requires
finding a t’ around t, making &c and So equal to each other, and
that will do it. Looking at the Fig.’s, that is, finding a point
p’1 on CD, make &c associated with P’1 and %o associated with P
equal to each other. After that, make use of Ao associated with
point P, subtracting Ac associated with P’1, to obtain AA

/149

1f one does this rigorously, calculations are also certainly
not difficult. However, if AA and A8 associated with P and p’
are certainly not very large, as far as AA 1is concerned, it 1is
possible to make use of the equations below to do calculations:

AL = Aa — ctg $AB/ cosB
1

i (Aacos8sing — cospA8); (7)

In this, ‘¢ is the included angle between satellite visual
loci and A directions. The algorithm ig as follows [2]:

(8)

cosd = a - G

sn¢g = —a g

—sine
Here, a=|  cosal,
0,
s/ | x|
G—gx £
€77 (9)
In the equations, P and ¥ are position vectors and velocity

vectors of satellites relative to measurement stations. The
algorithm is omitted.

To summarize what was discussed apbove--in order to eliminate
the influences of differences along loci--as far as condition
equations associated with A) are concerned, it is possible to
make use of equation (7)- Test calculations clearly show that
doing this 1is successful.




3. Error Estimation, Weighting, and Optimum Conditions

Assuming that focosd, So joint observation difference matrix
is Qo, it is possible to do calculations to get it from negative
treatments.
Accos$§, 3c joint difference matrix is Qc. It is possible to
obtain it from orbit radical and station coordinate joint
difference matrix propagation. Then, as far as A)A variance is
concerned, from equation (7), one conveniently knows it to be:

oi;-g;;fc;,—;[(swg .—.cos¢)Qo(_f;i)'
+ (sin¢» _COSQb)Qc( sed )], (+9)

— cos¢

Because of this, at times of multiple point mean difference,
with regard to equation (7) weighting, it is possible to use

. 1
W —,
Ch1 (11)

From this, it 1is possible to see that optimum conditions

associated with observation are 1 = 90%, § = 0. That is
equivalent to observations from a satellite with a relatively
large angle of inclination on the celestial equator. Besides
that, because we make use of equation (7) to eliminate
differences along loci, equation (10) quantities in brackets are

variances associated with directions perpendicular to loci.
Therefore,

1

ol (12)

Uh"'

If we use fperpendicular o = iperpendicular ¢ = 0’’.5 in order
to make estimates, in cases where attentlion is paid to optimum
observation conditions (sin2 ¢4 cos2 § > 0.75), the precision of
AL obtained by an observation is, then, approximately 1’’. As
far as 100 observations distributed in 20 segmental arcs are
concerned, the precisions of AL are, by contrast, approximately
0.7/716, that is 5 meters
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1II. GEOMETRIC DETERMINATION METHODS FOR LONGITUDE ZERO POINT
DIFFERENCES

In this section, we assume that a certain two observation
stations 1n a Doppler (laser) dynamic geodetic network carry out
synchronous observations, in order to discuss problems associated

with determinations of AA.

1. Basic Principles

From the synchronous plaze determined by synchronous
observations rA and rB obtained from two stations A and B, it is
possible to conveniently convert into BIH-CIO systems. Moreover,
making use of observation station coordinates obtained using
Doppler (laser) observations--if longitude 2zero point differences
are included--their hypotenuse directions are then not included
within this synchronous plane. On the basis of this difference,
it is then possible to solve for Ak. This is nothing else than

the basic principle associated with geometrical methods to

determine longitude zero point differences.
aAssume that directions associated with rA and rB after

transfer to BIH-CIO systems are

cos§, cosa,

1, == | cos8, sina, |5 (13)
sin8,
cos8 cosdp
Iz = | cos8p sinas | (14)

sin 83

The hypotenuseé direction associated with the two points AB 18

(15)

/cosp’ cosd A
IsS(cosxp' sin2|=1AY|s

sing’ - \AZ




Here, (AA,SR), (iB,3B), and (, ,07) are, respectively, spherical
coordinates associated with 1A, 1B, and 1. S is hypotenuse

length.
Making the definition

A
CLixh
n-l___._——-—ﬂ B N
] [, X bl c (16)
the coplanar condition is then
(17)

n:l=0

Due to the existence of longitude zero point differences, one
then has

| 18
‘pel+n-Al=0. (18)

In this, 1o is a measurement station coordinate calculation
determined by Doppler (laser). Al is the hypotenuse direction

difference given rise to by longitude zero point differences.
Obviously,
- [—AY\
Al=| AX |ai. (19)
' 0o /..

pecause of this, the condition equation associated with
determining AA is

(AAY — BAX)AL — AAX + BAY + CAZ. (20)

This is the basic equation associated with determining .AA. It is

very simple. /151
2. Error Estimates and Weighting
Assume that the joint difference matrix associated with

synchronous observations 18

0‘246016‘ d’A'Av -0 0
Re| Tosta_ % O 0, (21)
0 0 . q:,eolag 0'5363
0 0 Tants da




on the basis of error propagation principles, the equation to
determine AA is

0?3;3"' P‘RP’ (22)
in this, P° expresses P transpositions, being
praf O 1 a1, 11 - 01 (23)
, Oa, coss“’ 684’ LE cos&,’fpasg' ’
It is not difficult *to deduce [3]
o 1 ok, Bt .
da, cosd, by > 984 by (24)
al 1 b: : al a3
aaB cosdp = 3 > 683 b; °
In this 7 8y = pﬁpgcosagsin(aA - ag),
a;—pimcossdsin(ag—-a‘,), o
b, = phesl sin8pcos8s — sins,,cossgcos(a,, —ag)ls
b, = paPsl sin 8 4cos8p — sinsgcossdcos(a,, —ag)ls
. - P - - PR PO - (25)

by= (RX D)~ (pala X psls)>
0

k=|0
1

Here, PR and pB are the distances from satellites toO measurement
stations A and B. With regard to any synchronous cbservations
associated with.an already known R, it is then possible to

calculate Lt . These are A)A variance estimates. When

there are multiple point mean differences, equation (20) 1is

capable of using “;;,:}3 in order to add weighting.
sl

3, Optimum Observation conditions
on the basis of oht associated with synchronous
it is possiole to discuss optimum observation
sociated with geometric methods of determining
longitude 2ero point differences. 1t is simply that we must set
£ predicting peforehand joint difference matrices R
associated with an observation.
(1) - Estimations of Observation Joint Difference,Matrices
assuming that satellite inclination angles are i, ground

heights are H, and, in con]unction with that, assuming that

observations;
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satellites are in circular orbits, then, with regard to
observation joint difference matrix K with respect to
(As,0s) for observation station (»,0) and subsatellite point
(As,0s), it is possible to make use of the formula below to do

calculations:

cosdp — sind\(0h 0 cosd sind
Qs (snyp ' cos(p)(_O' o".)<—-_'sin'¢"'cos'gb)’ (26)
In this, p is defined the same as in equation (8). It is

~simply that satellite orbit ascending node longitudes must make
use of subsatellite point latitudes and longitudes to deduce
backwards, and that is all. The algorithm is ‘

Q=1,—1L, /152

(27)

Ascending sections are
positive. Falling sections are negative. If one has 6,
calculating rs, % r P 1 p is simple. Then, making use of
the two equations (8) and (9), it is possible to obtain ¢ -

When estimating Qus’ , observation differences along
loci falong associated with observation stations as well as
observation differences perpendicular to loci fperpendicular are
given. Based on experience with actual measurements, falong and
iperpendicular are basically constants for a single instrument.
During estimates of Qa , giving them is even more reasonable
than directly giving Q. " As a result, when we are
discussing optimum observation conditions in this instance,
option is made for the use of this method to predict R.

To summarize, after we gave falong and iperpendicular for two
stations—-under the assumed conditions described above--it is
then possible to estimate R associated with any single
subsatellite point, thereby calculating out o associated .
with the synchronous observations in question. It is then
possible to discuss optimum observation conditions associated
with geometrical methods.

(2). A Few pPoints of Discussion Associated with Optimum

Observation Conditions
In order to discuss optimum observation conditions, we made

simulation calculations. In situations with given A5 Pas 25> PBs
i = 90%, Ialong = 177, Iperpendicular = 0’’.5, H as well as
ascending and descending section signs, oai. was calculated.
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A few

reliminary conclusions were arriv

as follows:
a) The
KM, H= 4000, 2000,

@ = @p=30°; S = 2000

obtained.
the better.

ed at.

1000
It is not difficult tor us

lower satellites are the better.

Calculations were done of three types of cases:
kilometers.

to see that the

Discussion is currently

Table 1 was
lower H 1is

Table 1
O3 @ 2 D )
o BEE fox6e BERTHE | 8°x12° RERFHHE
4000 1.47 1.50. 1.57
2000 0.46 0.50 0.57
1000 - 0,17 0.20 0.24"
KEY: (1) Optimum value (2) Optimum Zone Average value
b) 1In cases where S and H are the same, the higher

observation station latitudes are,

calculations were done of three types
kilometers.

that the higher 0 is,

60°, S = H = 2000
not difficult to see

the more advantageous
of cases: @4= B =
Table 2 was obtained.
the more advantageous

Q4= P8 =

it is-.
Table 2
gh S Ne» I
o g | sex12e BERFHH
0 1.15 1.30 - 1.42
30° - 0.46 0.50- 0.57
60° 1 0.38 0.42 0.50
KEY: (1) Optimum value (2) Optimum Zone Average Value

10
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. c) In cases where S, H, and average latitudes are the same,
two stations distributed on a ring of the same latitude is
advantageous. puring calculations, 8 = H = 2000 kilometers, and

B Gaverage = 30%. Calculations were done of four types of cases

where azimuth angles associated with station B relative to /153
station A were A = 0%, 30%, 60%, and 90%. Table 3 was obtained.
From this, it is possible to see that two stations distributed on
the same jatitude ring (A = 90%) is relatively advantageous.

Table 3

N

e gg)l-_ | e ;%@Zf ,Aq«'x_izow&ﬁ[

) 050 T os | om
00 . | ~.- 04 N LA B 0.3
60° B 'OAT;f;ﬁ\_ﬂﬁﬂ_dlL‘i‘\h 0.62
9° . | 046 . L7000, <~ 0.7

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

d) 1In cases where H/S are the same, the farther the

distance is between two stations, the more advantageous it is.

calculations were done of three cases where H/S - 2,04 = @3 = 30%
~§ = 1000, 2000, 3000 kilometers. Table 4 is obtained.

From this, it 18 possible to see€ that, the larger g is, the more
advantageous it is.
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Table 4

% > = &
‘“\ BB E. | ewempEFBE | exiz REERSE

1000 R Y 1.79 1.97

2000 1.47 1.50 1.57

3000 1.30 _ 1.34 1.42

KEY: (1) Optimum value (2) Optimum 7one Average vValue

e) Optimum zone pistribution Status .

Looking at situations associated with calculations, as fAa
as subsatellite points that are not the same are concerned, ol;
is very greatly qifferent. With regard to optimum zone ‘
distributions, although there are differences with b3 = max
regions, they are still in the vicinity. We can approximate the
use of b3 = max conditions in order to seek out optimum
cubsatellite distributions. However, with a view to accuracy: it
is best to use the methods apove to make & concrete calculation
of (i=90%) values associated with various subsatellite points,
thereby searching out optimum zones. Doing things this way is a
great advantage with respect to organizing observations. In
order to elucidate this question, Fig.2 gives @ distribution
chart associated with s using 3500 kilometer round orbit
satellites (1 = 90%)- It is not difficult to se€ that looking
for subsatellite point optimum zones is very important. The
reason is that, as far as an optimum 2zOne observation is
concerned, it is possible to arrive at a few to several tens of
observations associated with other areas- There are a number of
cbservations associated with the worst zones (b3 = 0) which are
almost useless with regard to determining longitude 2ero point

differences.
pesides this, We also discovered the phenomenon that, when

3
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subsatellite point loci and hypotenuse directions are in
agreement, 43, 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%, 60%, 30%, O%) and three types of i (i=90%, 60%, 45%)
cases of ascent and descent, agreeing with this conclusion.

4. Precision Estimates’®

I1f we pay attention to the most advantageous observation
conditions, /O = 2 observations are not difficult to
obtain. As a result, as far asz 100 pairs of synchronous
observations are concerned, if AA determination precisions will
be better than 0.’714, 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

$2 36 90 94 96102 106 110 114 N8 12 126 1130 14 138.

r#— L2 T
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J35-38 37 - 35 -— ]
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Fig.2 Distribution Chart for Nanjing-Kunming Synchronous

Observation Ohs (i = 90%, H = 3500 kilometers)

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

13




DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION

BO85 DIA/RTS-2F1

C509 BALLOC509 BALLISTIC RES LAB

C510 R&T LABS/AVEADCOM
C513 ARRADCOM

C535 AVRADCOM/TSARCOM
C539 TRASANA

Q592 FSTC

Q619 MSIC REDSTONE
Q008 NTIC

Q043 AFMIC-IS

E404 AEDC/DOF

E410 AFDIC/IN

E429 SD/IND

P005 DOE/ISA/DDI

1051 AFIT/LDE

PO90 NSA/CDB

Microfiche Nbr: FID96C000229
NAIC-ID(RS)T-0560-95

Ll el el el e e Y Sy TPy PN




