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SOME NOTES ON THE ACCURACY 
OF THE NAVY NAVIGATION SATELLITE SYSTEM

by M ark SZYMONSKI,
Institu te of M arine Navigation, Gdynia, Poland

INTRODUCTION

This paper describes the evaluation of the accuracy of determ inations 
of a ship’s position by m eans of Navy Navigation Satellite System  (NNSS) 
receivers. Using a dual channel receiver, type RSN-2, m anufactu red  by 
the British firm Redifon Telecom m unications Ltd., m easurem ents were 
carried out in the following South A m erican ports : Callao (Peru), Grytvi- 
ken (South Georgia), Montevideo (Uruguay), Port W illiam  (Falkland Is
lands) ; and for the port of Gdynia (Poland) an  Am erican-m ade single 
channel receiver, Magnavox type MX-1102, was used. The results were 
compared w ith  the geodetic positions on navigational charts and  also w ith  
transform ed coordinates in several geodetic system s obtained from  the 
GEOCN (Geodetic Coordinate Conversion) com puter program .

THE ACCURACY OF SATELLITE-DETERMINED POSITIONS

Problem s connected w ith the analysis of the accuracies obtained w ith 
NNSS will be of in terest to the ever-increasing num ber of users of th is 
system, although there are already several well-known publications on the 
subject [ I ] ,  [2], [3].

The problem s described here concern the determ ination of a ship’s 
position by m eans of the  NNSS system  and  dual channel and  single channel 
receiving equipm ents. The form er equipm ent receives signals on frequen
cies of both 400 MHz and  150 MHz, and  thus assures refrac tion  correc
tions. The latter receives signals on 400 MHz only; it  is equipped w ith  a  
special m icro-processor w hich controls the tuning of the  receiver and  
chooses the best satellite passes.

The m easurem ents were m ade a t fixed points a t w hich all satellite 
passes were registered. This rendered possible the following evaluation :

(a) value for the  m ean latitude tp of N fixes;



(b) value for the (1 or),, latitude of all fixes;
(c) value for the expected erro r on the mean latitude (mean error : 

M =  1 <r/VN);
(d) value for the  mean longitude \ ;
(e) value for the (1 tr)* longitude;
(f) value for the m ean erro r in longitude;
(g) fixing the sh ip’s position on the basis of (a) and (d) above;
(h) value for the (1 cr) position error;
(i) value for the expected erro r of the mean position;
(j) com puting the latitude and longitude differences between satellite 

m easurem ents and geodetic positions.
The results, taking into account all satellite passes, are given in 

table A. Those from satellite passes at elevations of from  10° to 80" are 
shown in table B. This enables evaluation, inlet alia, of the influence of 
tropospheric refraction for the case of the satellite passing too low and 
also the effect of degrading accuracy for satellite passes a t an elevation 
greater than  80°. The results obtained confirm earlier experim ents of 
this kind in the case of a large m ajority  of the m easurem ents.

Ignoring the results from  satellites passing too low or too high, obvious 
im provem ents in the accuracy of the positions can be noted and the total 
discrepancy is around 100 m which highlights the usefulness of the recei
vers employed, not only for ocean navigation but also in coastal areas. 
The fact th a t both receivers assure the same accuracy should be stressed. 
However, the need rem ains to choose the most suitable satellite passes, 
rendered possible w ith  the single channel MX-1102 receiver.

Some im portant system atic position errors were observed, of the 
order of 200-500 m etres. These errors were due, among other reasons, to 
the fact th a t for the NNSS the reference ellipsoid used differs from the 
geodetic ellipsoid on which the charts were constructed, to the fluctua
tions of the sea surface and to inaccurate height corrections for positions 
in the reference ellipsoid when tak ing  into consideration the righ t shape 
of the globe.

Shown below are data  for the various ellipsoids of reference used.

Ellipsoid of 
reference

Semi-major axis 
(metres)

Reciprocal
flattening

APL4.5 6 378 144 298.23
WGS-72 6 378 135 298.26
NAVL-8D 6 378 145 298.25
SAO-C7 6 378 142 298.255

Figures 1 to 4 illustrate  the dual-channel satellite fix results and 
figure 5 the single-channel results. Satellite passes a t elevations lower 
than  10° and higher th an  80° are denoted by an asterisk.

Discrepancies of th is order in both the m easured positions and the 
geodetic positions on navigational charts will not appreciably influence



Ta
ble

 
A

Ac
cur

acy
 

of 
the 

rec
eiv

ing
 

equ
ipm

en
t 

of 
NN

SS
 

(Al
l 

sat
ell

ite
 

pa
sse

s)
§ ?  s  .2 *- i 23 27 23 VO

ui C  c c  o O « w
a. . S ’"

00ro 10
9

25
6 77 <N

3 w

SI
S8000 0.

01
73

27

0.
02

94
34

---
---

---
---

--
1

0.
01

79
21

01
6000

c

J  »  5  -  
=> Ü 0.

05
18

94

0.
06

93
10

7

0.
16

65
19

2

0.
05

97
69

98800

g  H 

.  »
2  S

0.
00

90
17

0.
00

25 5

0.
01

61
30

01
9SOOO 0.

00
7

13

•3 bM 4>
J  *=>

0.
05

48
10

1

0.
00

98 18

0.
09

12
16

9

0.
01

86
35

0.
06 11

1

A
zi

m
ut

h
ge

od
et

ic
ite

lli
te

;io
ns (d
eg

re
es

)

22
2.

5

31
1 Tf

19
5

28
8

24
9

Di
sta

nc
e 

| 
be

tw
ee

n 
and

 
si 

po
sit

 
(N

M
) 

(m
et

re
s)

0.
3 55

6

0.
08

75
16

2

0.
31

00
57

4

0.
38

25
70

8
0.

08
75

16
2

0.
21

2
39

3

^  m y—s 
<  &  2 3 £2 0.

17
79

32
1

0.
07

87
12

0

-0
.0

59
9

70

0.
14

10
16

5
0.

14
10

16
5

-0
.3

4
36

7

* J— *T3
s- â  s<j —  a

r-
to r- 

rn
o  ^

-0
.0

55
5

10
3

-0
.3

05
4

55
6

0.
37

36
69

2
-0

.0
26

4
49

-0
.0

7
13

0

os
itl

on
po

sit
io

n lo
ng

itu
de

\

"os *d 
(N to 
«—  m in 
oo* oo o  oo or- r- r- r-
5* * W 

56
° 

12
.6

98
7'

 
W 

56
° 

12
.6

20
0'

W 
57

°4
9.

94
01

* 
W 

5 7
° 

50
.0

00
0'

2 8  8  
3 - O  O

m  r'l 
o d d  
co co co 
0 0 0 _ \0 VO

n  n  
st >  £

8 ' 8  
t~- «-H
fN \o 
co co’ co co 
0 0 
00 00

W  P4

Sa
tel

lit
e 

p 
Ge

od
eti

c 
j

la
tit

ud
e

T-* *© 
o  >n 
^  r -
P  P-; 
CO
o  oo o fS (N

(/) Ui S 
34

° 
54

.1
64

5'
 

S 
34

° 
54

.2
20

0'

(1

\ 's-à r -  
<n m  
d  d  
o o 
m  in 
C/5 CO

ureip) (uB|d)

8  8  r- 0  0  
00 in  On 
\0  VO* vd
0 0 0T|- Tj- -*t
m  in m  
C/2 C/3 C/3 N

54
°3

1.
09

00
' 

N 
54

°3
1.

16
00

'

Pa
ss

 
el

ev
at

io
n 

(d
eg

re
es

) 
m

in
. 

m
ax

.

5 
85 oo00

co 2 
83 m

00

rJ 4 
81

N
um

be
r 

of
 

ite
ra

tio
ns

m
in

. 
m

ax
.

VO

CN

00 in

co

VO

N
um

be
r

of
pa

ss
es

37 o

32

rN 76

i

Po
rt

CA
LL

A
O

(P
er

u)
23

-2
6.

05
.1

97
7

M
O

N
TE

V
ID

EO
(U

ru
gu

ay
)

01
-0

3.
06

.1
97

7

PO
RT

 
W

IL
LI

A
M

 
(F

al
kl

an
d 

Is
.) 

27
-2

8.
01

.1
97

7

G
R

Y
TV

K
EN

 
(S

ou
th

 
G

eo
rg

ia
) 

15
-1

6.
03

.1
97

7

G
D

Y
N

IA
(P

ol
an

d)
17

.0
2-

20
.0

2.
19

78

Z-NSÏ NOHICITH z o u -x w



Ta
ble

 
B

o
02«O 00
g "ec
H**. c
O e
"(wO
CiVc cc
•S* S3 3
O-1«u•C

60
■5 Qj«9
.5 6î0Cüo (¾

H«l
■c

»■»*•>■»*SüSmQeoO
»5 SO oc >Ln s»*
3O
5̂

ec
.H
S

_  (A£3 J» 5? O w i  « Os 00(N CN vo o

g  ^  S  i  o 
&  .g ~ ©

SOI 10
8 VCirj 00f-

«  2  •o ^
3  s

SI
£8000 0.

01
81

28

0.
01

35

16
0.

01
22

14

0.
00

6 7

t  ë  ^
-3 °W j» ^  

f i  2  t? -g 0.
04

47
81

0.
06

80
10

4

0.
07

03
81

0.
04

24
49

0.
05 54

.s  e
s  s  ■§ >. .s  3

=? S W

II
19000 0.

00
19 4

0.
07

0
13

0.
00

45 8

0.
00

4 7

La
tii en

1 
a 

I

0.
03

30
61

0.
00

75
14

0.
03

65
68

0.
01

22
28

0.
03 56

1 A
zi

m
ut

h
ge

od
et

ic
te

lli
te

io
ns (d
eg

re
es

)

COnC-l 30
9 00 —« ON i_r> OC 

«  <N
VO
TTCM

Di
sta

nc
e 

| 
be

tw
ee

n 
and

 
sa

 
po

sit
 

(N
M

) 
(m

et
re

s)

0.
28

6
52

9

0.
08

63
16

0

0.
29

76
55

2

0.
38

25
70

8
0.

07
98

14
8

0.
21

6
40

0

é$\ M ‘"“s 
<  3  S 

5  * 0.
18

39
33

8

0.
07

07
10

8

-0
.0

63
2

74 0.
13

23
15

5
0.

13
23

15
5

-0
.3

4
36

7

ùu
p (in 

m
i 

and
 

m

0.
22

16
41

0

-0
.0

54
8

10
1

-0
.2

95
2

54
7

0.
37

45
69

4
-0

.0
25

5
47

-0
.0

8
14

8

Ds
iti

on
os

iti
on

lo
ng

itu
de

X

W
77

°0
8.

71
89

' 
W 

77
°0

8.
53

50 V- o  o  oo  CJ r-* vo
CN CN
« a VO VO w->
£  * W 

57
°4

9.
93

68
' 

W 
57

°5
0.

00
00

'

5- m m 
o d dCO CO CO o e ovO vo voCO CO CO

E 
18

*3
3.

27
00

' 
E

18
°3

3.
61

00
'

Sa
tel

lit
e 

pi
 

G
eo

de
tic

 
p

la
tit

ud
e

*

S 
12

°0
2.

99
66

' 
S 

12
°0

2.
77

50
'

S 
34

°5
4.

16
52

' 
S 

34
s5

4.
22

00
'

0- 

S  8r- r*-<N V)
d  oTf ^O O
«n «n 
CO CO S 

54
° 

16
.8

74
5'

 
|

 
S 

54
° 

16
.5

00
0' 

X
 

S 
54

“ 1
6.

90
00

' 
1

 
Ô

N
54

°3
1.

08
00

' 
N 

54
°3

1.
16

00
'

! --
--

--
--

--
--

--
 

■
Pa

ss
 

el
ev

at
io

n 
(d

eg
re

es
) 

m
in

. 
m

ax
.

10 
74

30 
77

11 
80

12 
60

10 
80

r
- 

■ 
- 

Nu
m

be
r 

of
 

ite
ra

tio
ns

m
in

. 
m

ax
.

VO

rs CO

r N
um

be
r

of
pa

ss
es ONCN r-<s - u->

NO

Po
rt

C
A

LL
A

O

M
O

N
TE

V
ID

EO

PO
RT

 
W

IL
LI

A
M

G
R

Y
TV

K
EN

G
D

Y
N

IA

c-n m  N O H iaa^ z o n -x w



GEODETIC -12° 02.300'
POSITION  

ON THE M AP N-I85. 
(CALL AO)

/ 0  SAT-C 
/  o  (BE5SE 
/ ^  

SAT-^ °

o
l) \ o  o 

O S  \
Or, 0 )*

■»

t - -1 2 ' 03.000
*  1 W

0  O 

"
G

& 7
/ ERROR  

/i<r=totm

*

*

*
-7 7 ’

. 100m , 

18.700’ A = - 7 / Ie08.500’

F i g . 1. —  S ate llite  de term ined  positions in C allao 
(dual-channel RSN-2 receiver}.

F i g . 2. — S a te llite  de term ined  positions in M ontevideo 
(dual-channel RSN-2 receiver).

the safety of navigation a t sea, but in  coastal navigation and  in narrow  
waters they can have a significant effect.

The positional inaccuracies differ in  the various geographical regions. 
In Grytviken the discrepancy in the satellite-determ ined positions vis-à-vis



F ig. 3. —  S ate llite  de term ined  positions in  P o rt W illiam  
(d u a l-ch an n e l RSN-2 receiver).

the geodetic positions fixed on the B ritish chart of the locality am ounts 
to 148 m etres (table B), and in M ontevideo it am ounts to 160 m etres. 
N either of these values exceeds the tolerance lim it for such m easurem ents. 
As regards Callao and P o rt W illiam  on B ritish charts and for Gdynia on 
a Polish chart, the positional discrepancies are respectively 529 m, 552 m 
and 400 m  (see table B).

THE RESULTS OF COORDINATE TRANSFORMATIONS

It is im portan t to m ake clear to NNSS users the o rder of the discre
pancies in satellite-determ ined positions obtained a fte r correcting for 
differences for the reference ellipsoid used. The GEOCN program  [4] was
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utilized for the transform ation  of the coordinates of the positions fixed. 
These results are shown in table C. They perm it evaluation of the influence 
of the various regional surveys referred  to a local datum  on the NNSS 
m easurem ents. It should be noted th a t the GEOCN program  takes into 
consideration the range of the sem i-m ajor axis of the  spheroids and  of 
the flattening as well as of the shift of the centers of the two spheroids,

Some sm all changes had  to be m ade on charts as a resu lt of these 
transform ations of satellite positions, bu t even so it is noted th a t fairly  
large discrepancies do still occur. It seems th a t the considerable differences 
in the height of fixed point positions obtained using different spheroids 
could be the explanation w hy so m any errors occur. However, even using 
the traditional m ethod of correcting the height above m ean sea level by 
means of geoid-corrected bu t sadly inaccurate charts, this particu la r error 
is not avoided.
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In the spring of 1841 the Captain of H.M.S. Beacon, 
Thomas Graves, was in England. Like Fitzroy ten years 
before, though for different reasons, he conceived the 
idea of inviting a naturalist to join the ship and advertised 
that ‘an officer of the surveying squadron in the Medi
terranean... was anxious before returning to the East to 
make the acquaintance of a naturalist,, w ho would be 
content to share a sailor’s fare for a year or two in the 
Levant.’

Of Forbes’ work in Beacon  Captain Graves wrote :
“Forbes employed himself, and likew ise not a few  
of his naval comrades, botanizing, zoologizing, and 
geologizing in turn. The few w eeks of his inter
course w ith the officers and crew had sufficed to 
enlist all their sympathy and assistance. The first 
lieutenant, though anxious, as all first lieutenants 
are, to keep the decks clean, never objected to the 
contents of the dredge being spread out. but almost 
became a convert. The captain’s cabin w as turned 
into a kind of museum, laboratory, and store-room  
where the various animals brought up from the deep 
w ere dissected, drawn, or stored away in bottles, 
the captain h im self lending every assistance, and 
eliciting many a quiet clinical lecture from the 
‘oyster-dredger’, as sailors term a naturalist.
It w as quite amusing to see how  Forbes gained the 
good opinion of the sailors of the Beacon, and how  
they all endeavoured to add to his collection. If 
a boat returned from surveying, there w ere always 
some shells for Mr. Forbes. If the seine w as hauled 
at night, a lanthorn was always at hand when the 
fish w ere taken out, to look for curios  (as Jack 
termed them) for their friend, and w hether additions 
or not, the donor always received an encouraging 
answer, his present w as accepted, the sailor felt 
gratified, and w as only too anxious to search after 
other treasures of the deep.
W ith a whole crew  of assistants, and the accumu
lating results of his own explorations, there was, 
of course, ample scope for the m icroscope and the 
pencil in the evenings. And pleasant evenings they 
were when, the surveys and dredgings of the day 
over, the officers met in the cabin around Forbes, 
w ho, w ith the m icroscope at his eye, and a pencil 
in his hand, sketched the anatomy of the organisms 
that had been caught during the day, chatting the 
w hile in his own simple, impressive w ay, about the 
forms and habits of tne creatures before them, and 
enlivening the description with many touches of 
quiet humour. Hours thus spent passed quickly 
away, and w hen at last the m icroscope was put up, 
it was only necessary to place a few  scraps o f paper 
before Forbes, to open up another inexhaustible 
source of amusement. He would draw groups in 
w hich  w e were all included as connected w ith our 
common pursuit during the day, placing himself 
conspicuous if anything ridiculous had occured."
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