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Abstract  In this paper, we assume that each range measurement has a bias error in a TOA (Time of Arrival) method. We 
illustrate that we can estimate 3-dimensional target location and velocity only using Doppler measurements. We also illustrate 
that we can estimate target location, target velocity and range bias errors using range with bias error and Doppler 
measurements. We provide observability condition using a placement matrix (the matrix calculated from reference points and 
the target’s point). We prove that there is not difference between both methods in terms of estimated location and velocity of 
the target. We also present the measure of estimated accuracy using the minimum singular value of the placement matrix. 
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��
È

\]_��� (43)n��Jy  b
�

^���	
��
j\

]JRa_Y�Z��[Y\]���þ���h  
IÇ�� (30)KL� (35)�v�©��¼�h  

b = Naa      (57) 

R`�©��]���h  

Na = I6 O6,n( )     (58) 

����©�Y âlv���	
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âlv = Na â     (59) 

©Yäåj��	
�;�3n��JyWX�ZKL

�[�î7\]8nG��������È��9Y\]

�
���tu���hR`�F~j�äå=KL� (57)
�v¼H·�h  
^äåi:_� (59)j�©Yäå����h  
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