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Abstract. The general theor ies  and methods 

of marine surveying line system adjustment were 

introduced in K o y r H s (1979) and Tang(1991) . 

According to the c h a r a c t e r i s t i c s  of marine 

g rav i ty  measurement, th is  paper presents  a new 

method of combined adjustment which takes into 

account both d i r ec t  and ind i rec t  influence of 

pos i t ion  errors .  The method is p a r t i c u l a r l y  

su i tab le  to be used in the post-  processing of 

marine g rav i ty  observat ion data. With some 

p r a c t i c a l  appl ica t ions ,  i t  is proved to be 

e f f e c t i v e  in improving the qua l i ty  of marine 

g rav i ty  data. 

1, In troduc t ion  

Compared to the land g rav i ty  measurement, 

marine g rav i ty  measurement is mainly 

charac te r ized  by the fac t  that  i t s  foundation on 

which the surveying instrument is i n s t a l l e d  is 

not so s table  as that  on land. As a r e su l t  of 

this  d i f ference ,  the E~tvGs e f f e c t  cor rec t ion  and 

the influence caused by the pos i t ion  e r rors  of 

the observed point are increased. Pos i t ion  error  

a f f e c t s  marine g rav i ty  data in two ways: f i r s t ,  

i t  causes the d i f fe rence  between the observed 

pos i t ion  and the true posi t ion,  and as a resul t ,  

there ex i s t s  a g rav i ty  discrepancy which makes 

up the observed e r ro r s  d i r ec t ly ;  second, i t  

causes the heading and speed e r ro r s  which wil l  

be taken into the E~tv~s correct ion,  and thus 

causes the observed e r ro r s  ind i rec t ly .  Many 

researches have shown that  the g~tv~s cor rec t ion  

error  is the major er ror  source of marine 

g rav i ty  measurement. To obtain the accuracy 

be t t e r  than 1 mi l l i ga l ,  the accuracy of speed 

and heading must be higher than 0.2 knots and 

one degree r e s p e c t i v e l y  ( Dehlinger, 1978; Chen, 

1983; Zhao, 1983; Bell, 1986) Such 

c h a r a c t e r i s t i c s  of marine g rav i ty  measurement 

require ad jus t ing  the pos i t ion  of the 

observat ion point while f i l t e r i n g  the 

observat ion noise of gravi ty .  

Marine g rav i ty  surveying line system usual ly  

cons is t s  of main l ines  and cross lines. They are 

always designed to i n t e r sec t  to make up a 

network. This means that  there ex i s t  redundant 

observat ion of g rav i ty  at the cross ing points.  

The true pos i t ion  of the cross ing point on the 

main line is r a r e ly  coincident  with that  on the 

cross line because of the influence of the 

locat ion errors ,  The combined influence of the 

locat ion and observat ion e r ro r s  wil l  cause the 

d i f fe rence  of g rav i ty  at the cross ing points. 

These d i f f e rences  are the basic data for 

ad jus t ing  marine g rav i ty  surveying line system. 

2, The Recovery of Surveying Traces 

General ly speaking, the marine g rav i ty  

surveying ship is required to be kept on the 

planned surveying line at a f ixed speed. The 

pos i t ion  of the ship is f ixed by navigator  at 

the constant  in te rva l s .  Based on the present  

pos i t ion ing  resu l t s ,  the operator  can decide the 

future  trend of the ship at any time. Because of 

the random f ac to r s  such as i r r egu la r  wind, 



current,  wave, swell and the power of the s h i p ,  

e tc , ,  the process of f i x - a d j u s t m e n t - f i x  again 

-adjustment again wi l l  r e s u l t  in a zigzag trace.  

At present  in China, most of the surveying ships 

have been equipped with the in tegra ted  

navigat ion systems which usual ly  cons is t  of 

s a t e l l i t e  (I'h~ISS OR GPS) and radio system. In 

order to e l iminate  the random disturbance,  the 

data process ing program in the navigat ion system 

always has the funct ion for f i l t e r i n g  noise. 

The Kalman f i l t e r  is used frequent ly ,  which can 

provide an optimum est imate  of the ship 

pos i t ion  in real  time. The random disturbance in 

the locat ion data wi l l  mostly be e l iminated 

a f t e r  the above pre- process ing And the 

accuracy of the observed data of g rav i ty  can be 

roughly es t imated at that  time according to the 

r e su l t s  thus obtained. T h e  purpose of th is  step 

is to assure that  the qua l i t y  of the observed 

r e su l t s  meets the requirements of the survey 

spec i f i ca t i ons .  I f  i t  does ,  the ship wi l l  make 

a return voyage;otherwise a rev i s ion  observa- 

t ion or reobserva t ion  wil l  be necessary, 

Marine gravimetry is a continuous survey 

along lines.  The number of the observed points  

is large. The data obtained from f i e l d  

observat ion mainly cons is t  of the point 

coordinates and the observed gravi ty .  They are 

the i n i t i a l  data for pos t -process ing ,  However, 

the model of dependent funct ion among the points  

must be f i r s t  cons t ruc ted  i f  a l l  of the points  

are to be used in the adjustment, The process of 

making up the funct ion model is usual ly  ca l led  

surveying t race  recovery or t race  f i t .  In order 

to keep the i n i t i a l  f ea tu re  of the data, the 

minimum degree of f i t t i n g  is required in 
p r a c t i c a l  uses. 

I t  is supposed that  any regular  or i r r egu la r  

curve can be a r b i t r a r i l y  approximated through 

the repeated addi t ion  of some simple lines. In 

this  paper, each marine g rav i ty  surveying t race  

is expressed as a l inear  combination of some 

base funct ions which take time as argument: 

x(t) : aoFo(t) + a lF l ( t )  + . . .  + a ~ - l F , - l ( t )  

{ ( 1 )  
y(t) = boFo(t) + b lFl ( t )  + , . .  + b~-lFn-~(t)  
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Where X-Y is a local plane coordinate system in 

Mercator projec t ion ,  with i t s  X- axis d i rec ted  

towards the north pole, i t s  Y- axis d i rec ted  

towards the east .  And the error  equations 

corresponding to the observed coordinates of the 

d i sc re t e  points  can be made up as f o l l o w s :  

V = F A L ;  PL ( 2 )  
2m i 2m ~n 2n 1 2~ 1 2m 2m 

Where 

L = 

A : 

F = 

( x l ,  x2 ,  . . .  , x ~ , y ~ , y m ,  . . .  , y~)W 

(ao, al . . . . .  a~-l,  bo, bl . . . . .  b.-1) T 

- F~ ( t l )  0 - 
1 n 1 n 

F~ (t~) 0 
1 n 1 n 

0 F~(tl)  
1 n 1 n 

0 F~ (t~) 
i n 1 n 

PL represents  the weight matr ix  of the observed 

values vector;  m is the number of the observed 

points  on a ce r ta in  line; 2n is the number of 
unknown parameters. 

Define the degree funct ion of f i t t i n g :  

= VTp LV. While l e t t i n g  ~ = min, we have 

A = ( F w PL F )-1 F • PL L ( 3 ) 

Pa = ( F w PL F ) ( 4 )  

The f i t t i n g  coordinates,  speed and heading can 

also be obtained from: 

x(p) : aoFo(tp) + a lF l ( tp )  + . 
( 

y(p) = boFo(t,)  + b lFl ( tp)  + . 

+ a . -1F~- i  (t,) 

( 5 )  

+ b~-lF.-1 (tp) 

vx(p) : aoFo' (tp) + alF~' (tp) + 
( 

vy(p) = boFo' (t~) + blFl '  (tp) + 

v(p) -- ~/ v~(p) + v~,(p) 

.. + a~- lF~- l '  (tp) 

( 6 )  

.. + bn- lFn- l '  (tp) 

( 7 )  
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vy(p) 

c~ (p)= a rc tg  ( 8 ) 

vx(p) 

Where F ' j ( t )  is the de r iva t ion  of Fj( t )  and p=l, 

2 . . . .  ,m. 
At th is  stage, the (main and cross ) l ines 

are independent of each other, so we can t r ea t  

each line independently. Any of general 

polynomial, orthogonal polynomial, or 

t r igonometr ic  polynomial can be used as the 

base funct ion of f i t t i n g  trace. I t  may be some 

other function. The conclusions of Huang (1987) 

and Huang (1988) have shown that  the optimal 

r e su l t s  of recovery can be obtained i f  spl ine 

function is chosen as the base function. The 

spline function used in th is  paper is ( Huang, 

1987) 

i 

F , - 4 ( t )  = Z q,-4, 
j ~ i - 4  

Where 

( t -  T j)+ a ( 9 )  

q l - 4 ,  j = 

U,-4 (T~) 

4~ 

Ui-4 (Tj) 

i 

= ]-[ (Tj - Tk) 
k = i - 4  

k ~  j 

cross -po in t  is thus formed. How to use the 

condition equations to adjust  the f i t t i n g  t races  

again is the second stage of the pos t -process ing  

of data in the marine gravimetry. 

According to the analyses above, the error  

of the marine g rav i ty  measurement mainly comes 

from three sources: the d i rec t  and indi rec t  

influences of the pos i t ion  e r rors  and the 

observat ion noises of gravi ty .  Now the g rav i ty  

d i f fe rence  is divided into three par ts  

corresponding to the above three aspects,  and 

therefore ,  the condit ion equation can be 

e s t ab l i shed  as below: 

B1. A A  + B2.  A A  + C • V~ W = 0 ( 10 ) 

Where the f i r s t  and second terms represent  the 

d i rec t  and ind i rec t  inf luences of the locat ion 

e r rors  r espec t ive ly ;  the th i rd  term denotes the 

observat ion noises of gravi ty ;  AA indicates  the 

cor rec t ion  vector  of unknown parameters of 

f i t t i n g  function; Vg is the cor rec t ion  vector of 

the observed gravi ty ;  W is the g rav i ty  d i f fe rence  

vector;  B1, B2 and C are the c o e f f i c i e n t  

matrixes.  

Regarding AA as a random vector  with a pr ior  

weight matrix Pa. and solving equation (10) 

with the condit ion adjustment, the followings 

can be obtained (K o y r ~ s ,1979) :  

( t - Tj)+3 

0 ; t ~ Tj 
= { 

( t - T j ) a  ; t > T~ 

AA = P~B T K ( 11 ) 

Vg = P~ICTK ( 12 ) 

Tj is the spl ine node. Using the funct ion above 

as f i t t i n g  funct ion can bring about a good 

resu l t  of recovery and a high numerical s t a b i l i t y  

as well (Huang, 1987), 

3. Surveying Line System Adjustment 

In order to evaluate  the observed data, the 

marine g rav i ty  measurement is normally designed 

with main l ines and cross lines. At the cross-  

ing, there ex i s t  two observed values of g rav i ty  

corresponding to the main line and the cross 

line respec t ive ly .  The condit ion equation of the 

K = ( B P~ZBT + C P~zCT)-~W ( 13 ) 

B = Bx + B~ ( 14 ) 

Where Pg represen ts  the weight matr ix  of the 

observed g rav i ty  vector,  The r e su l t  of formula 

(11) plus formula (3) is the f ina l  t race model 

a f t e r  the surveying line system adjustment. 

According to the new model, the adjusted 

coordinates,  speeds and headings can be 

ca lcu la ted  eas i ly ,  These adjusted values can be 

used fur ther  to adjust  the EUtv~s correct ions ,  

Compared to the model used in K o y r H 



(1979) and Tang(1991), the model (equation (10)) 

of surveying l ine system adjustment provided in 

th i s  paper has the fo l lowing  spec ia l  f ea tu re s :  

(1) in the new model there  e x i s t s  the term of the 

i n d i r e c t  in f luence  of the loca t ion  er rors ,  which 

can meet the spec ia l  requirements  of marine 

gravimetry;  ( 2 ) in K o y r ~ ~ , the 

coord ina tes  of the c ros s ings  are used as the 

unknown parameters,  so the observed poin ts  could 

be entered  into a connect ion with each other 

only through the covar iance  matr ix  of the 

c ross ings  and the observed points .  In the new 

model, the r eg re s s ion  parameters  of f i t t i n g  

t r aces  are used to rep lace  the coord ina tes  of 

the c ross ings .  And the dependent s t a t i s t i c a l  

model is r ep laced  by the dependent func t ion  

model. This not only shows the ove ra l l  f ea tu re  

of surveying l ine system adjustment,  but a lso  

s imp l i f i e s  the computation of the adjustment.  

4, The Concrete Form of the 
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In equat ion (15), A x, i j , A y ~ j  and A x~j~, 

A ypj~ represent ,  r e s p e c t i v e l y ,  the coord ina te  

c o r r e c t i o n s  of the c ros s ing  on l ine i and l ine 

j. They can be expressed with the co r r ec t i on  

vector  of the unknowns as fol lows:  

Axpij Aaxi 

Aypij Aari 
} ( 1 7 )  

A x p j  i Aaxj 
{ }- = D i s {  

A y ~  ~ A a ~ j  

} (18)  

The c o e f f i c i e n t  mat r ixes  Dij  and Dj~ are r e l a t e d  

to F ' s  in equat ion (5). A a ' s  are the co r r ec t i on  

vec to rs  of  the unknowns in (5) and (6). 

In equation (15), AE~j and AEj~ indicate 

the corrections of the EUtv~s effect values, The 

computation formula of the EStv~s effect is 

Condition Equation (Dehlinger, 1978; Bell, 1986) 

At each c r o s s i n g  of the surveying l ine 

system, the cond i t ion  equat ion cor responding  to 

formula (10) can be expressed in d e t a i l  as 

fol lows:  

g ~ i j '  A x p i j +  g y l j '  A y p i j -  g ~ i j '  A x p j i -  g y i j  • 

Aypji+(AEji-AEij) + (Vgji- Vgij) - ( 

g i j -  gj i) = 0 ( 15 

Where gxij  and gyi j  r ep resen t  the p r o j e c t i o n s  of 

the h o r i z o n t a l  g r a v i t y  g rad ien t s  in the 

d i r e c t i o n s  of X and Y axis  near the c ross ing  

P ( i , j )  r e s p e c t i v e l y ,  and the i r  values can be 

c a l c u l a t e d  with ( see K o y r ~ s ,1979) 

g x i j = ( g t  • s i n c ~ j i -  g~. sin<x j j ) / s i n ( c ~ j i  - a i j )  

( ( 1 6 )  
g ~ j = ( g j ,  c o s a i j -  g~. c o s u j ~ ) / s i n ( a j i  - u i j )  

Where gl and gj denote the g r a v i t y  g rad ien t s  in 

the d i r e c t i o n s  of the main l ine i and the cross  

l ine j r e s p e c t i v e l y ;  u i j  and a j i  are the 

headings of the i - t h  main l ine and the j -  th 

cross l ine at the ( i , j )  c ros s -ove r  point.  

E = 7.503 • v - s i n a  • c o s ~ +  0.004 - v 2 ( 19 

Where v - -  the speed computed by formula (7)  

with the uni t  of knot. 

~ - -  the heading computed by formula (8) 

w - -  the geographica l  l a t i t u d e  of the 

point .  

D i f f e r e n t i a t i n g  equat ion (19) , ignoring 

the second term (when v=15 knots and A v= 0. 2 

knots, AE=0.024 mGal) and s u b s t i t u t i n g  the 

increments for the d i f f e r e n t i a l  elements, the 

EBtviis e f f e c t  c o r r e c t i o n  can be expressed 

as 

AE = 7 .503 '  s i n a  , cosq) • A v  + 7.503 v • cosc~ 

• c o s ~ .  A ~  ( 2 0 )  

According to formula (7) and (8) we have 

A v  = ( vx • Av, ,  + vy • Avy)  

A ~ :  ( vx • A v y  - vy • Ave)  

Where 

Av,,  = D' • A a :  

Avy  = D' Aa~ 

D' is the d e r i v a t i v e  of D 

V 

V 2 
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I n t r o d u c i n g  the formulas above in to  formula (20) 

, and making some simplifications, we can obtain 

AE~= alj • D"lj • Aax~ ÷ bi~ • D' i~ • Aayi 

21 ) 

Where 

a~= 7,503. cos~( v~ • sinai,- v~ 

cos a , j )  / v , j  

b~a = 7 .503.  coscp~j (  v ~ j .  co sa~a+  vy~a 

s in  a i ~ )  / vi~ 

In the same way, we have 

AEj  ~: aj ~ • D' j ~ . A a ~ j  + b~ ~ . D' ~ a • A a y j  

( 2 2 )  

In equa t ion  (15), g~j, Vgij and gj~, vgj~ are, 

r e s p e c t i v e l y ,  the observed g r a v i t y  and t he i r  

c o r r e c t i o n s  at  the c r o s s i n g  on l i ne  i and l i ne  j. 

According to formula (17), (18), (21) and 

(22), equa t ion  (15) can be r e w r i t t e n  as 

gx~j .  D~j.  A a ~ +  gyi~ " Dij . Aay~-  gx~j .  Dj~. A 

a x e -  g y i j  • Dj i " A a y j  - a i j  ' D' ij  • A a  ~i-  

b i j '  D' i j  " A a y i +  a j i '  D ' j i ,  A a m ÷  b j ~ .  

D ' j ~ .  A a y j  -Vg~j + Vgj~ - (  g~j - gj~ )= 0 

( 2 3 )  

Formula (23) is the concre te  express ion  of the 

cond i t i on  equa t ion  at each cross ing,  According 

to formula (10) and (23), for a surveying  l ine  

system with M number of main l i n e s  and N number 

of cross l i ne s  we have 

Qx.1 Q~11 
Qx12 Qyl~ 

Qx., Qy., 
Qx~l Qy~ 
Q.~ Qy~ 

B = , , , 

Q~,, Q ~  

Q.M~ Q~I 
Q.M~ Q ~  

Q.~ Q~MN 

P x l l  Pzll 

P-2~ Py2~ 

P.s~ P~ 

P~,~ P~2 

P~z~ P~s2 

P~ Py~ 

Px~M Py2M 

P~ Py~ 

AA = ( A a ~ ,  A a ~  . . . . .  A a ~ ,  A a ~ ,  A ' ~ , ,  
A '~ , ,  . . . . .  A-~ ~,,, A'~ ~ )  T 

Vg = ( v g ~ ,  v g ~ ,  Vg~2, Vg~2, ,,, , v g ~ ,  v#~,~ )w 

W = ( g l l -  g11, g12- g l2  . . . . .  g~,,t- g ~ ) ' r  

C = 

-1 41 

-i +1 0 

, , , 

-1 41 

Where 

Qxij = gxi j  • D i j  - a i j  - D' i j  

Qyij = gyi j  • Dij - b i j  • D ' i j  

P x j i  = - g x i j  D j i  ÷ a j i  • D' ~i 

Pyj i = - g y i j  Dj i + bj i • n'  j i 

( i  = 1, 2 . . . .  M; j = 1, 2, . . . .  N)  

The symbols with overbars represent those values 

along the cross lines, 

5, A Practical Case 

The method provided in t h i s  paper began to be 

used to process the observed data of marine 

gravimetry  of China in 1986. The a p p l i c a t i o n s  in 

recent  years i n d i c a t e  good e f f e c t  of the new 

method. The fo l lowing  is a p r a c t i c a l  case. 

The worked s i t e  is loca ted  in the South 

China Sea. During the work, the surveying  ship 

was kept at a v e l o c i t y  of about 15 knots. The 



ship has a tonnage of about 3,000. The marine 

g rav i ty  navigat ion  took place by GPS in s ingle-  

rece iver  mode, The locat ion  e r rors  were between 

about 100m and 200m, The marine gravimeter  used 

in the work was the type of KSS-5 made in West 

Germany, I t s  observat ion  accuracy is designed to 

be about 1 mGal. 

The worked network cons i s t s  of f ive  main 

l ines and four cross l ines,  They are about 250 

KM and 160 KM long respec t ive ly ,  The main l ines  

are almost orthogonal to the cross lines, There 

exist twenty crossings in the network, The 

gravity gradients along the main lines are 

listed in Table i and 2 , 

Tab. l The gravity gradients along the 

main lines [Unit:1OE] 

\ i 

J \  
1 2 3 4 5 

1 -0.613 -1,383 -0.218 2,244 3.333 

2 0,932 -0.985 0,992 1,913 0,290 

3 -0.849 -0,907 1.832 2.781 -1,691 

4 -0.102 0,197 -1,403 -0,884 -6,544 

Tab, 2 The g r av i t y  gradients  along the 

cross l ines  [Unit:10E] 

\ i 1 2 3 4 5 

J \  

1 -0,044 0,835 -0,946 -1,742 -0,088 

2 -0,567 -0,214 -1.098 2,197 0,219 

3 O, 173 0,128 0,139 -1.467 2,795 

4 -0,130 -0,440 0,316 -0.445 -2,492 

Tab, 3 The g rav i ty  d i f f e rences  

system adjustment [mGal] 
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before 

i 1 2 3 4 5 
\ 

1 -2, 34 3.69 -1, 54 6.08 4.11 

2 4, 03 -0, 80 2.34 4, 53 -3, 50 

3 -8, 69 4, 43 -1, 42 5, 79 -3, 46 

4 1.08 2.53 -4, 20 -0.23 -4.61 

While ad jus t ing  th~ surveying line system, 

the accuracy of observat ion was regarded as 

being equal. Therefore, the noise weight matrix 

of the gravimeter measurements P~ in (12) and (13) 

was an iden t i ty  matrix, Then, three groups of 

r e su l t s  were computed, They r e spec t i ve ly  

correspond to 

a, B = B1 ( 24 ) 

b, B = B~ ( 25 ) 

c. B = B1 ÷ B~ ( 26 ) 

The equations above mean: only the d i rec t  

influence of the locat ion e r rors  is taken into 

account in model (a) (used in K o y r H s (1979) 

and Tang(1991)); only the ind i rec t  influence of 

the locat ion e r ro r s  is taken into account in 

model (b); both d i r ec t  and ind i rec t  influences 

of the locat ion e r ro r s  are taken into account in 

model (c), After  having f in i shed  the surveying 

line system adjustment, we can compute the 

g rav i ty  d i f f e rences  at the crossings correspond- 

ing to the above three models as below: 

After the recovery of the trace,  the g rav i ty  

d i f f e rences  at the cross ings  are computed as in 

Table 3. 
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Tab, 4 

\ i 

J \  

1 

2 

3 

The g rav i ty  d i f f e rences  to 

model (a) [reGal] 

1 2 3 4 5 

- 0 . 9 6  

-0.90 

-1.55 

2.57 

-0,85 -0,11 5,41 

-1.69 -0,51 2,58 

1.51 1,26 "3,35 

-0,21 -0,96 1,21 

0.11 

-4, 86 

1,11 

-0.31 

Tab. 5 

\ i 1 

J \  

1 - 0 . 3 6  

2 -0. 24 

3 -0,47 

4 O, 09 

Tab, 6 

\ i 1 

J \  

1 -0, 31 

2 -0, 15 

The g rav i ty  d i f f e rences  to 

model (b) [mGal] 

2 3 4 5 

-0,03 0,39 1,61 0.18 

O, 52 O, 31 0,55 O. 04 

O. 72 O. 06 -0,21 1,35 

0,21 -0.26 0,02 0,33 

The g rav i ty  d i f f e rences  to 

model (c) [mGal] 

2 

-0, 02 

0.35 

4 O. 06 O. 28 

-0, 06 

-0.09 

-0.02 

-0.09 

4 5 

0.11 0,38 

0,07 -0.05 

• 0, 04 - 0 . 1 8  

According to the s p e c i f i c a t i o n s  of marine 

gravimetry, the accuracy of the observed data of 

marine g rav i ty  can be es t imated by ( Strang Van 

Hees, 1983; Huang, 1990) 

= + ~/ ~ c o ( ~  / (2k) 27 

Where ~ represents  the g rav i ty  d i f fe rence  k is 

the to t a l  number of crossings,  The fac tor  of 2 

is due to that  ~ is the d i f fe rence  of two 

observat ion values. The accuracies  corresponding 

to Table 3, 4, 5 and 6 can be computed as 

follows: 

8 = + 2, 83 (reGal) 

o~ = ± 1,52 (reGal) 

~ = __+ 0.40 (reGal) 

(~e = + 0.13 (mGal) 

The r e su l t s  above indicate  that  the adjus t ing  

e f f e c t  of equation (25) is markedly be t te r  than 

that  of equation (24), According to the g rav i ty  

gradients  in Table 1 and 2, i t  is obvious that 

the coordinates  of the cross ings  corresponding 

to equation (24)  must be moved for several  

k i lometers  in order to adjust  the g rav i ty  

d i f f e rences  of a few mi l l i ga l s .  This does not 

match the locat ion accuracy ( about 200m ). On 

the contrary,  the response of the equation (25) 

to the changes of pos i t ion  coordinates  is more 

sens i t i ve  than that  of equation (24) A s l igh t  

change of the t race shape can cause a great  

change of the speed and heading. Therefore, i t  

is easy to carry  out a reasonable adjustment of 

the d i f fe rences .  In r e a l i t y ,  both d i rec t  and 

ind i rec t  influences of the locat ion e r rors  ex is t  

in marine gravimetry, They r e s t r a i n  and 

cont r ibute  to each other, and nei ther  of them 

can be neglected in use. So there is reason to 

consider that  the more reasonable model in 

s t ruc tu re  is equation (26), which has been 

proved by the computed r e su l t s  above. 

6, Conclusions 

The following conclusions can be drawn from 

the above discuss ions  and the p rac t i ca l  

appl ica t ions :  

(1)  The new method of marine g rav i ty  



surveying line system adjustment provided in 

this  paper, which takes account of not only the 

d i rec t  but also the ind i rec t  influence of 

location errors ,  is t h e o r e t i c a l l y  s t r i c t  and 

p r a c t i c a l l y  feas ib le .  
(2) The years of treatment of the observed 

data concludes that the root mean square of the 

gravi ty  d i f fe rences  can be decreased from ±3  ~4 

mi l l iga l s  to within 1 mi l l i ga l  a f te r  the 

adjustment of surveying line system. This wil l  

play an important role in improving the qual i ty  

of marine gravi ty  data in China. 
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