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Advantages of LEO Precise Orbit 
Determination (POD)
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Precise Orbit Determination (POD) 
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Principal techniques of POD
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Geometrical precise orbit determination
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Kinematical precise orbit determination
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Dynamical precise orbit determination
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Processing concepts
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LEO short arc POD principle
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+ Polynomials
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Kinematical short arc POD-simulation
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Absolute position from sequential time 
differenced carrier phase
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Kinematical short arc POD sequential
time differenced carrier phase

������
���
��������������� ������� ����� �������
���� ���

�� /��

�� ��*

31 2 2 2 1 1( , ) ( ) ( ) ( ) ( )s s s
r r rt t t t t t e∆Φ∆Φ = − − − +r r r r

3

,3 1 2

2 2
2 3 4 2 2

1

1 1
1 3 4 1 1

1

( , )

sin((1 ) ) sin( )
( ) ( . . ( ) .sin( ))

sin( ) sin( )

sin((1 ) ) sin( )
( ) ( . . ( ) .sin( ))

sin( ) sin( )

s
r

n
s

a e f
f

n
s

a e f
f

t t

N N
t f

N N

N N
t f e

N N

τ τ τ π τ

τ τ τ π τ

−

×
=

−

× ∆Φ
=

∆Φ =

−− + + + −

−− + + + +

�

�

r r r C P d

r r r C P d



��������

Gauss-Markov model
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Kinematical short arc POD sequential
time differenced carrier phase
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Kinematical short arc POD-simulated
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Kinematical short arc POD sequential time 
differenced carrier phase
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How can the errors be
eliminated or

modeled in GPS LEO SST 
observations?
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Sequential time differenced carrier phase SST

( )

3 3

,3 1 1 1 1 1 3 ,3 1 1 1

1 1 1 ,3 1 ,3 1 , 1

( ). ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

s s s s
r z e r r r

s r s r r
O R R C V M

t t t N c dt t dt t

d t d t d t d t d t d t e

ωε ε λ ε

Φ Φ

� 	Φ = − − + + − − +
 �

+ − + + + +

R r r

3������ ����� ����������'���� �������
��� �
�������  +!9#

( )

3 3

,3 2 2 2 2 2 3 ,3 2 2 2

2 2 2 ,3 2 ,3 2 , 2

( ). ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

s s s s
r z e r r r

s r s r r
O R R C V M

t t t N c dt t dt t

d t d t d t d t d t d t e

ωε ε λ ε

Φ Φ

� 	Φ = − − + + − − +
 �

+ − + + + +

R r r

������
���
�������������������������'���� ������� �����

�������
��� ��
/����������  +!9#

3

,3 1 2 2 2 2 2 1 1 1 1

1 2

( , ) ( ). ( ) ( ) ( ). ( ) ( )

( , )

s s s
r z e r z e r

r

t t t t t t

c dt t t e

ωε ε ωε ε

∆Φ

∆Φ = − − − − − −

∆ +

R r r R r r




�
�
�
�

Kinematical short arc POD
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Gauss-Markov model

0�� �����'( ��)�� ������������ �����!

( )

( )

( )

1 11

1 1 1

2 2 1 11 2

0
2 2 1 11 2

1 2 2 2 1 1

( ) ( ) ( ) ( ), 1 0

( ) ( ) ( ) ( ) [ ],

, ( ) ( ) ( ) ( )

r r

r r r r

j jj r r

r r r r

m m mr r

r r r r

s ss
r

s ss
r rr

s s s
r

t t t tt t

t t t tt t

t t t t t t

� �−� �∆∆Φ
� �� �
� �� �
� �� � −= − +∆∆Φ � �� �
� �� �
� �� �

� � � �∆∆Φ −� � � �

r r
r X r X

r r
r X r X

r r
r X r X

A A A A

A A A A X X

A A A A

�

��

� �

0[ ]1 0 0

1 0

t t∆ ∆

� �
� �
� �
� � −
� �
� �
� �
� �

X X
� � �

� � �

�

( )11 12 13 14 34 1, 1, 1, ,
6 12 3

r a a a e x y z n z
n

x y z z c c c c c d d d d
+ +

=
T

X � � �

12 (m-1)m 1( dt dt )t mc c∆ −= ∆ ∆ TX �

,= ∆ Σ
��

��� A X




�
�
�
�

Kinematical short arc POD sequential time 
differenced carrier phase
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Kinematical short arc POD with sequential time
differenced carrier phase
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Conclusions & remarks (kinematical)
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