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Practical Evaluation of EKF1 and UKF2  Filters for Terrain Aided Navigation

A. Moghtadaei Rad*

This article deals with batch and recursive methods used in terrain navigation 
systems. These systems have a lot of disadvantages. That is why researchers have 
studied various methods of aided navigation for many years and have introduced 
different types of aided navigation systems with practical and theoretical advan-
tages and disadvantages. One of the main ideas related to aided navigation is 
�����������	�
	��������	
�����	�����	���	 ���3. This integration method has a 
����������	��������	��	��������	����	���	������	��	���	��	��	������	������	��	��	
aided navigation method. Hence, in this article, the authors introduce a more 
��������	�����	 ��
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for the needed applications and the simulation results are presented and com-
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4 Recursive Algorithm for Aided Navigation 
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2 Digital Elevation Model (DEM)
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3 Terrain Aided Navigation System Inputs
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Figure 1. Height measured for ground effects and output DEM
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4.1 Extended Kalman Filter Method (EKF)
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 x(n +1) = (x(n)) + w(n)
z(n) = (x(n)) + v(n)
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k k-1 k-1 k-1 k-1
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x = f(x ,k -1) + q q N(0,Q )
y = h(x ,k) + r r N(0,R )
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-
k k-1

- T
k X k-1 k-1 X k-1 k-1

m = f(m ,k -1)

P = F (m ,k -1)P F (m ,k -1) + Q  
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-V = y - h(m ,k)k k k
- - T -S =H (m ,k)P H (m ,k)+Rk X kXk k k

- T - -1K =P H (m ,k)Sk Xk k k
-m =m +K Vk k kk
- TP = P - K S Kk k k k k
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f (X,k -1)jF (m,k -1) =X X = mX j
h (X,k)jH (m,k) =X X = mX j
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4.2 Unscented Kalman Filter Approach (UKF)
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2X = m … m + C 0 P - P C = a (n + k)
Y = g(X)
m = YWu m

TS = YWYu
TC = XWYu

T(0) (2n)w = W … Wm m m
(0) (2n)W = I - w … w ×diag W … Wm m C C

T
× I - w … wm m

(0) (i)W = W = i =1…2nm mn + 2(n + )
1(0) (i)2W = + (1- + ) W =mC n + 2(n + )
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k-1 k-1 k-1 k-1 k-1

k k-1
-
k k m

- T
k k k k-1

x = m … m + C 0 P - P

x̂ = f(x ,k -1)

ˆm = x w

ˆ ˆP = x W x + Q
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Figure 4-1. Display of unscented transformation performance
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- - - - -
k k k k k

- -
k k

-
k k m

- - T
k k k k

- - T
k k k

x = m … m + C 0 P - P

Y = h(x ,k)

m = Y w

S = Y W (Y ) + R

C = x W(Y )

� 
� 

� �� � � �

  
!>�&<"

=�	E�
��
�����	��	������	C7
-1

k k k
-

k k k k k
- T

k k k k k

K = C S

m = m + K (y - m )

P = P - K S K    
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5 Assumptions of the Problem
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X(n +1) = A(n)X(n) + B(n)w(n)
z(n) = H(n)X(n) + v(n)                                              

X(n)            state
z(n)             observation
v(n)             white   observation    uncertainty
w(n)            white  system driving uncertainty
X(0)           initial condition   
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 1 1 2T
1 2

1 2

1 1 2T
1 2

1 2
T

R(n ) n = n
E{v(n )v (n )} = ,  

0 n ¹n

Q(n ) n = n
E{w(n )w (n )} =

0 n ¹n

E{x(0)x (0)} = y,  E{x(0)} = 0 ,  E{w(0)} = 0 ,  E{v(0)} = 0
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  C Cx(t) = A x(t) + B u(t) + w(t)
z(t) = h(x(t)) + v(t)
�

  

C C

0 1 0 0 0 0
0 0 0 0 1 0

A = B =
0 0 0 1 0 0
0 0 0 0 0 1
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x(n +1) = Ax(n) + Bu(n) + w(n)
z(n) = h(x(n)) + v(n)   
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x(n) = x(n) x(n) y(n) y(n)

1 0 0 0 0 1 0 0
0 1 0 0 0 0 0 0

A = (I + DA ) = + ×
0 0 1 0 0 0 0 1
0 0 0 1 0 0 0 0

1Ä 0 0
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0 0 1Ä
0 0 0 1
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kilometer 2*2Dimension
200Row Number
200Column Number

meter 10*10Resolution

537870
Southwest Coordi-

nate of DEM

 X
UTM

3966750 Y
UTM

North 39ZoneUTM
107.13Roughness(sigma-t)

Mountainousregion

Using the  auto sample feature of the simulation soft-
ware and applying it on the DEM sample, 199 height 
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±250 mMaximum Error Of INS 
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38 msSample rate

West-EastFlight Heading
100 mFlight Height
± 7 mMaximum DEM Error

3% Flight HeightRadar Altimeter Maxi-
mum Error

3% Flight Height`���������	6
�������	
Maximum Error

5.2  The Necessity and Stages of TAN Algorithm Im-
plementation 
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6  Simulation Results

6.1  Effects of the EKF Method on the Mountain DEM

��������
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Table 5.2. Sampling parameter.

Figure 6-1.  DEM mountain view .   

Figure 6-2.  Display of actual, noisy and estimated height.
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Figure 6-3.  Display of the main, noisy and estimated path.

6.2  Effects of the EKF Method on the Knoll DEM
6.3  Results of UKF Method on the Mountain DEM

Figure 6-4.  Display of Knoll DEM .

Figure 6-5.  Display of actual, noise and estimated height.

6-6  Display of the main, noisy and estimated path
6-6.  Display of the main, noisy and estimated path

Figure 6-7. Display of the main, Figure 6-7 Display of the main, 

noisy and estimated path noisy and estimated path

     Figure 6-8.  Display of actual, noisy and estimated height.
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6.4  Effects of the UKF Method on the Knoll Hill DEM:

 

 

9 Conclusion
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Figure 6-9.  Display of actual and estimated input/output mean.

Figure 6-10.  Display of the main, noisy and estimated path.

     Figure 6-11.  Display of actual, noisy and estimated height.

Figure 6-12. Display of actual and estimated input output mean.
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