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T
he

C
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for
O

rbit
D

eterm
ination

in
E
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(C

O
D

E
)

C
O

D
E

is
a

jointventure
ofthe

follow
ing

four
institutions:

�

the
F

ederalO
ffice

ofTopography
(L+

T
),W

abern,S
w

itzerland,

�

the
F

ederal
A

gency
of

C
artography
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G

eodesy
(B

K
G

),
Frankfurt,

G
er-

m
any,

�

the
InstitutG

éographique
N

ational(IG
N

),P
aris,France,and

�

the
A

stronom
icalInstitute

ofthe
U

niversity
ofB

erne
(A

IU
B

),S
w

itzerland.

T
he

actualanalysis
center

is
located

atthe
A

IU
B

.

C
O

D
E
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contributing
to

the
InternationalG

P
S

S
ervice

(IG
S

)
since

the
beginning

(1992)
w

ith
products

m
eeting

high
quality

standards.

S
ince

1999,the
IG

S
orbitand

clock
com

binations
are

com
puted

atC
O

D
E

/A
IU

B
.
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O
verview
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eter

types
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D
E
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m
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N

E
X
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N
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m
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E

X
change)

form
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D
iscussion
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S
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coefficients

ofour
G

IM
representation

�

M
odified

S
LM

m
apping

function
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ating
the
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L

E
S

M
m

apping
func-
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�

R
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1-P

2
and

P
1-C

1
differentialcode

biases
(D

C
B

)forG
P

S
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sphere
analyses

�

R
educing
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O

D
E
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N

E
X

data
into
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sets

of“K
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coefficients

�

S
um

m
ary

and
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aram

eter
Types

R
egularly
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for
at

C
O

D
E

�

S
tation

coordinates
(and

velocities),geocenter
coordinates

�

O
rbitalparam

eters,solar
radiation

pressure
param

eters

�

H
R

E
arth

rotation
param

eters
(E

R
P

s),nutation
param

eters

�

S
ite-specific

tropospheric
zenith

delay
and

gradientparam
eters

�

S
atellite

antenna
offsetparam

eters
w

ith
respectto

L3
as

w
ellas

L4
LC

�

Im
plicitly

stochastic
ionosphere

param
eters

in
the

course
of

D
D

am
biguity

fixing
using

the
Q

IF
strategy;(unresolved)

initialcarrier
phase

am
biguities

�

G
lobal,regional,and

site-specific
ionosphere

m
odelparam

eters
(based

on
about150

ground
stations)

�

P
1-P

2
as

w
ellas

P
1-C

1
differentialcode

bias
(D

C
B

)
param

eters
forthe

satel-
lite
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(and

allstations)

�

P
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and
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corrections



C
O

D
E

G
IM

(IO
N

E
X

)
D

escription

G
lobalionosphere

m
aps

(G
IM

)
are

generated
on

a
daily

basis
at

C
O

D
E

using
data

from
about150

G
P

S
sites

ofthe
IG

S
and

other
institutions.

T
he

vertical
total

electron
content

(V
T

E
C

)
is

m
odeled

in
a

solar-geom
agnetic

reference
fram

e
using

a
sphericalharm

onics
expansion

up
to

degree
and

order
15.

T
he

tim
e

resolution
considered

for
the

V
T

E
C

m
aps

is
2

hours.
Instrum

entalbiases,
so-called

differentialcode
biases

(D
C

B
),for

allG
P

S
satel-

lites
and

ground
stations

are
estim

ated
as

constantvalues
for

each
day,sim

ulta-
neously

w
ith

the
12

tim
es

256,or
3072

param
eters
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to

representthe
global

V
T

E
C

distribution.
T

he
D

C
B

datum
is

defined
by

a
zero-m

ean
condition

im
posed

on
the

satellite
bias

estim
ates.

To
convert

line-of-sight
T

E
C

into
vertical

T
E

C
,

a
m

odified
single-layer

m
odel

m
apping

function
approxim

ating
the

JP
L

extended
slab

m
odel

m
apping

func-
tion

is
adopted.

T
he

m
apping

function
is

evaluated
atgeodetic

satellite
elevation

angles.
F

or
the

com
putation

of
the

ionospheric
pierce

points,
a

sphericallayer
w

ith
a

radius
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km
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assum

ed,
im
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IO
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E
X
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�
�
�
�
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�
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R
elevance

of
P

1-P
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P
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1

D
ifferential

C
ode

B
iases

(D
C

B
)

for
G

P
S

Ionosphere
A

nalyses

�

G
eodetic

G
P

S
receivers

m
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P

1
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C
1 �

C
/A
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P

2
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C
2 �

C
/A

�
� P

2  
P

1�
code

observables.

�

Instrum
entalsatellite

(and
receiver)

biases
are

presentfor
allcode

observ-
ables: !" #

, !$#

, !$%
.

�

F
or

ionosphere
analyses,

the
“geom

etry-free”
linear

com
bination,

L1

 

L2,
is

com
m

only
form

ed.

�

T
he

follow
ing

three
code

com
binations

are
possible:

–
P

1
and

P
2

(and
C

1)—
leading

to !$#
 
!$% �
!$#
&$%

–
C

1
and

C
2—

leading
to!" #

 
� !" #
�
� !$%
 
!$#
����
!$#
&$%

–
C

1
and

P
2—

leading
to!" #

 
!$% �
!$#
&$%
 
!$#
&" #
' �
!$#
&$%

�

R
em

ark:() *
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“group

delays”
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the
G

P
S
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,are

related
to !$#
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follow

s:() *
�
 ����,+
!$#
&$%

.
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se
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2
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1

S
atellite

D
C

B
Inform
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T
he

follow
ing

table
gives

the
corrections

due
to

satellite-specific
D

C
B

s
for

the
m

ost
im

portant
linear

com
binations

derived
from

various
com

binations
of

code
observable

types:
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P

1/P
2

C
1/C

2
C

1/P
2

L1

- #
.//10
23465
37
- #
.// 0
234 5
37
- 234 5
8 4
- #
.// 0
234 5
37

- 234 5
8 4

L2

- %
.//10
23465
37
- %
.// 0
234 5
37
- 234 5
8 4
- %
.// 0
234 5
37

L3
0

- 234 5
8 4

- %
.// 0
234 5
8 4

L4

&23465
37

&234 5
37

&23465
37

- 234 5
8 4

L5

&#
.9: 0
23465
37
&#
.9: 0
234 5
37
- 234 5
8 4
&#
.9: 0
234 5
37
-<;
./= 0
234 5
8 4

L3,
L4,

and
L5

denote
the

ionosphere-free,
geom

etry-free,
and

w
ide-lane

LC
,

respectively
(follow

ing
the

notation
used

in
the

B
ernese

G
P

S
S

oftw
are).

T
he

factors
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are
com
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� �
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? � > %#
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� �

��
� @
� ,>#
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? � >#
 
>%
� �
@�
� �
� ,

w
here

>#

and

>%

are
the
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carrier

frequencies.
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K
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est
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G
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�

Input:
12
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m
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IM

s)
in

IO
N

E
X
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�

A
djustm

entm
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Least-squares
m
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individualT

E
C

val-
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IO
N

E
X
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m

aps
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adequate

a-prioriin-
form
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w
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an

iterative
adjustm
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indispensable

�

O
utput:

E
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four
alphas
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�

D
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interface:
R
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E

X
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�

P
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–
C

onsider
a-priorivariance
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ation
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form

ofIO
N

E
X

R
M

S
m

aps
–

R
estrictanalysis

to
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–

D
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ine
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T
E

C
m

aps
each



S
um

m
ary

�

C
O

D
E

’s
G

P
S

-derived
globalionosphere

m
ap

inform
ation

is
available,

w
ith-

out
any

gaps,
as

of
1995,

nam
ely

in
B

ernese
ionosphere

form
at,

in
IO

N
E

X
form

at,
and

also
in

“com
pressed”

form
of

K
lobuchar-style

ionospheric
co-

efficients
(R

IN
E

X
form

at).
T

he
C

O
D

E
data
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is

accessible
through

anonym
ous
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at
f
t
p
:
/
/
f
t
p
.
u
n
i
b
e
.
c
h
/
a
i
u
b
/
C
O
D
E
/.

�

S
ince

June
1998,

C
O

D
E

has
been

contributing
to

the
IG

S
ionosphere

ser-
vice,

together
w

ith
E

M
R

/N
R

C
an,

E
S

A
,

JP
L,

U
P

C
.

C
orresponding

T
E

C
and

(P
1-P

2)
D

C
B

com
binations

are
m

ade
atE

S
A

/E
S

O
C

.

�

A
tC

O
D

E
,a

final,a
rapid,and

a
predicted

G
IM

productare
generated.

�

A
utom

atically
updated
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w
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h
t
t
p
:
/
/
w
w
w
.
a
i
u
b
.

u
n
i
b
e
.
c
h
/
i
o
n
o
s
p
h
e
r
e
.
h
t
m
l

�

C
O

D
E

P
1-C

1
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D
C

B
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are
recom

m
ended

to
be

adopted
for

use
w

ith
the

IG
S

officialproducts.

�

F
or

G
P

S
data

analysis,
w

e
use

the
B

ernese
G

P
S

S
oftw

are,
currently

the
developm

entversion
5.0.
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provem

ents
�

C
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sim
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P
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2
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P
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1
D

C
B
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iono-

sphere
and

clock
estim

ation

�

R
efine

T
E

C
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s
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�
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E
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C

B
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m
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�

C
om

bine
G

P
S

-based
T

E
C

results
w

ith
TO

P
E

X
-based

T
E

C
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rectw
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level)

�
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n

to
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�
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schem
e

�

U
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products
(?)

�

M
odelhigher-order

ionospheric
term

s
(R

R
E

corrections)
by
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into

ac-
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(three)
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“global”
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geodetic,
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free”

D
D

analysis


