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Abstract  In a TOA (Time of Arrival) system such as the GPS (Global Positioning System), a target location can be 
estimated from several distance (range) measurements between a target location and reference points. However, accuracy of 
estimated target location is very sensitive to target and reference points geometry. In this paper, we illustrate that when we can 
estimate 3-dimensional target location using the conventional TOA system by Taylor-Series estimation, we can also estimate 
3-dimensional target location and velocity using several range and Doppler measurements. We also show that estimated 
location accuracy becomes better when using additional Doppler measurements even in cases of poor target and reference 
points geometry or bad Doppler measurement accuracy. 
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|�

���RJ±O����,xhîï
|�W  
G¢
©©H¦§/0©b Ã��uDvJÆ (59)IJ
zO¢

.��W  

E âl[ ] = al     (60) 

E âl − al( ) âl − al( )T⎡
⎣

⎤
⎦ = Al

TVl
−1Al( )−1 > 0   (61) 

4.2. 

��
����*+��,-.  
EãJ n × nO$�îï
 In�FqJ  

L = In 0In( )     (62) 

��¡vJÆ (55)� (21)JÆ (56)� (26)
±¡R¡PQ
FqJzÆ
²�W  

     (63) 
    (64) 

æøRJ  

N = I4 O4.3( )     (65) 

��¡vJÆ (23)� (56)
PQFqJzÆ
²�W  
�     (66) 

���J  
    (67) 

IJ��������	��OijO������O

������O��
\C�W  
zO¢
IJ��������	
����ijO

ÑrÒcÓ�ÔÕ/R_���b)*��+\C�X

�
|����RJ±O����,xhîï
|�W  
G¢
©�HÆ (67)IJzO¢

.��W  

E âD[ ] = al     (68) 

E âD − al( ) âD − al( )T⎡
⎣

⎤
⎦ = N ATV −1A( )−1NT

   (69) 

4.3. %%/01  
zO¢
IJÆ (69)�� (61)_`J��������

	����S�T�O����a�IJ��Or
�

��� TOA _`�£¤st\C�X�
|�W   
G ¢ 
 © � H ¦ § / 0 © b  Ã � � � � � R J

 σ i > 0,σ id > 0, ρi <1 i = 1,�,n( )����JzÆ
²�W  

� N ATV −1A( )−1NT ≤ Al
TVl

−1Al⎡⎣ ⎤⎦
−1

   (70) 

4.4. 2234  
� ��������	��Oij�J��Or��O

ijO����a�bJURPÝ\�JÆ (70)I Ã
��WXO}¹JXX\IJ����	O��R_`�

���a�b£¤��[
zR|�W  
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I�
���W�

X X \ J K @ M 
 . � � U V O � � L � � L @ M

Bi i = 1,2,3( )O��
zÆ���WuoẄ �RJUV�J

L@]O^�
|�W  

�� ñ�òó�

� E}J±¡DO��ëìí�
JzÆ���W�

� �� ñ�ùó�

� �  
 
���JÆ (38)�� (35)^ (37)IJzÆ�u�W  

âl

bl = Lb
vl = Lv

al = Na

âD = Nâ

a2

B1 =
1
0

⎛
⎝⎜

⎞
⎠⎟
,B2 =

0
1

⎛
⎝⎜

⎞
⎠⎟
,B3 =

0
0

⎛
⎝⎜

⎞
⎠⎟
,L = 1

1

⎛
⎝⎜

⎞
⎠⎟

 

�B1 =
0
0

⎛
⎝⎜

⎞
⎠⎟
, �B2 =

0
0

⎛
⎝⎜

⎞
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, �B3 =

0
0

⎛
⎝⎜

⎞
⎠⎟
, �L = 1

0

⎛
⎝⎜

⎞
⎠⎟
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Al O3,2
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⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

    (73) 
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0 1 1
1 0 1
1

2

1

2
1

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

   (74) 

Ald =

1 0 0
0 0 0
1

2 2
− 1

2 2
0

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

   (75) 

Ad =

0 1
1 0
1

2

1

2

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

   (76) 

8ÁqJ��Or��Oij�J��������

	��OijO������Oxh
±¡R¡ Pl ,Pld
��¡vJxJy ôV��zÆ�u�W  

Pl = 0.01 3 2 + 5( )     (77) 

Pld =
0.01

16a2 + 0.01
⋅ 24a

2 + 0.01
2

+ 0.01

8 3 2 − 4( )a2 + 3 2 ⋅0.01
⋅
32 3 2 + 4( )a4
16a2 + 0.01

 

 (78) 

Æ (77)�� (78)_`JzÆ
²�W  
Pl > Pld     (79) 

Pld → Pl a2 →∞( )     (80) 

Pld → 0.01 2 a2 → 0( )    (81) 
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