
APPLICATIONS OF KALMAN FILTERING  
IN  

SPACECRAFT ORBIT DETERMINATION 

S.Akila 

PES Institute of Technology 

Bangalore 

International Conference on Data Assimilation  

   July 13th-15th  2011 

CAOS, IISc, Bangalore 



2 

PROBLEM STATEMENT  
 

Orbit Determination(OD):  

    Tracking data: Vector from Ground station to 

satellite : ρ :  3x1 vector (ρ,Az.,Eln.) 

   Given the Tracking Data (TD) and the system 

(orbital) dynamics , determine the the system 

state (orbital) parameters. 

• State parameters:[Position & Velocity]6x1 

• Statevector(STV) =  [r,v]T   at any time t 
• If [t0,t1] is the observation span: 
    Smoothing   if STV at  t  =   t0  is sought 
    Filtering if  STV at  t Є (t0,t1)    is sought 
    Prediction  if STV at    t > t1        is sought 
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SOLUTION: LS 

 

 Over  Determined system: 
    6x1 statevector is determined using 100s of 

observations. 

   Obsvn.: TD from about 4 ground-stations per 

orbit; 13-15 minutes data per station; 

collected  every 30 seconds. 
 While smoothing (STV at t0  is sought) Batch     
estimation: Off-line processing 

    Kalman Filtering  if in Real-time, STV  is 

sought On-board. 
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BATCH: DIFFERENTIAL CORRECTION 

 

Least Squares (LS): 

          xLS  = ( HT H )–1 * HT *z  

Weighted  LS: 

         xWLS  = ( HTW H )–1 HT W z  

 

CONCERN :  Accuracy of  estimated position 
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•  IRS 1A   250 mts. Position error  

•  IRS  1C    100      mts. Position error  

•  IRS P6(RS-1) 80  mts. Position error  

•  Desired:   <  50 mts. Position error  

ACCURACY    
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DYNAMICS FORCE  MODEL 
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EARTH GRAVITY FORCE 
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FORCE DUE TO ATMOSPHERIC DRAG  

vv

D

vDdrg

rectionUVelocityDitheinvectorUnit=U

SpaceCraftofVelocity=v

SpaceCraftofMass=M

SpaceCraftofArea=A

DensitycAtmospheri=ρ

tCoefficienDrag=C

UvM)A(ρC=a 2/
2

1




9 

FORCE DUE TO THIRD BODY ATTRACTION: 

(MOON) 
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FORCE  DUE TO :SRP 

(Only for Geo Mission)  
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DYNAMICS FORCE  MODEL 
 

 

 

 

],[

],[.sec

ˆ

ˆ

3

3

vrX

vrXODEorderond

aaaar
r

r

ar
r

r

T

SRPmoonsundragsphnon

p























12 

MODEL 

•     dX/dt  = f(X , t) ,    XT = [ r , v ]T 

                f, non-linear 

•       Z  =  h(X, Xs ,t)      : h, nonlinear 

 

       ( z: ρ  =  rs/c –  Xs ;       ρ =[ρ , Az , Eln]; 

          ρgps  =  rgps – rs/c   ) 
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Linearization 

 X0 reference state  

 

    x= X- X0
   

f(X(t) ,t) = f(X0,t) + [f(X0,t)/XT] X  + .... 

d(x)/dt = F(X0,t)X;  F=f(X(t),t)/XT  at X0 

 

z = Z – h(X0 ,t ) 

h(X(t), t)=h(X0,t) + [h(X0,t)/XT]X+ ... 

z = H (X0,t ) x   H :h(X(t),t)/XT at  X0 
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Discretization 

Discretized State:  

 x =  (t k+1,t k) x k + ωk 

  :   State Transition Matrix (STM) 

 

 

Discretized  Measurement Equation:  

 

       zk    = H (X(tk),tk) xk   + k   



DISCRETIZATION 

Discretize :  

xk+1 =  (t k+1,t k) x k 

This  matrix, state transition matrix STM, satisfies  

     d(t , )/dt   = F (t)  (t , )   for all t  and . 

         (, )     = I                   for all               

(t, )  *  (, t1 ) = (t, t1)           for all t  , t1 and  

and is given by the expression  

           (t k+1,t k)   = exp[ (t k+1-t k) * F(X0(tk),tk) ]    
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Actual Model 

Stochastic Difference Equations: 

  xk+1  =  (t k+1,t k) xk  + k      

   zk+1    = H (X0(tk+1),tk+1) xk+1   + k1   

  {k}, {k} :   State, measurement noise 

• { k }  = 0  ;      { kj
T

 }  = Qk kj     

• { k }  = 0    ;   { k
 j

T
 }  = Rk kj      

•  {k j
T

 }  = 0 

 



Initialization  

 

• a priori state  X0 

• error covariance P0 = [ X0 X0
T] of the apriori 

state 

• noise covariance matrices Q and R to be 
initialized 
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EXTENDED KF 

 Xp= X e +  f dt          

 Pp= PeT+Q   

 

 K = Pp HT [H PpHT + Rk+1]
-1  

 Xe=Xp + K [ Zk+1 – h(Xe,t)]  

 Pe=[I–KH ] Pp [ I– KH ]T + KRk+1K
T 

 



Interest: Model  Reduction 
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New State: Parameter Estimation 
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…New State: Parameter Estimation 
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Results of all Three Procedures 
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DIFFERENCE FROM DEFINITIVE ORBIT 
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THANK  YOU  

 






