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Abstract  In a TSOA (Time Sum of Arrival) system, a target location can be estimated from several distance sums of R0 
and Ri. Here, R0 is distance between a transmitter and the target. Ri is distance between each receiver i and the target. It is 
assumed that the location of the transmitter and receivers are known. We also assume that all clocks are synchronized. In this 
paper, we prove that accuracy of estimated target location using the TSOA can be improved compared with a TDOA location 
system. We also prove that there is not difference between a combined use of an additional distance sum measurement and the 
TDOA. 
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      (64) 

V>Sc  
||VP 1× n	�	 En�P  

 
En = 1 � 1( )        (65) 

�]S�P� (64)P (16)P (9)P (7)�� (20)BCP¡�
�HSc   

�
Vs+ = E vs+vs+

T⎡⎣ ⎤⎦ =
Vs c2ρ0

2 ⋅En
TEm

c2ρ0
2 ⋅Em

TEn Vs′

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟   �

(66) 

� ||VP¡��X�]Sc  

Vs′ = E vs′ vs′( )T⎡
⎣⎢

⎤
⎦⎥
�� � � � ������$%��
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cÂeR`�}]c  
YÓ*ÊV\  
� As

TVs
−1As > 0       (68) 

�]küP¡��HSc  

� As+
T Vs+

−1As+⎡⎣ ⎤⎦
−1
≤ As

TVs
−1As⎡⎣ ⎤⎦

−1
     (69) 

6.3. ::;<=>?@A?�BC1��#  
¡	Ó*eP� (25)	����LáÅ�		{d�

�Gd�}]c@�PÆT�	 As	��eQñY  As
T As

	��f�ñ	ã^g�êh [12]\ �7�iküPâs
eÄÅ�R`Y� (23)jk\|��}]c  
YÓ*Êà\As	��eQñ� λminP�7eQñ� λmaxP

ρi i = 0,�,n( )	ËR��ñ� ρmin
P�7ñ� ρmax�]Sc

]S�PPQMNÊ�ìí]küP¡��ìí]Sc  

�

c2ρmin
2

λmax
2 I3 ≤ As

TVs
−1As⎡⎣ ⎤⎦

−1
≤
n +1( )c2ρmax

2

λmin
2 I3     (70) 

6.4. DEF  
� ||VePTSOA 	�
UBC�TWXxy�ôl]
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²	45ñe�ñ�]Sc�

� ||VP��	�T L����AP
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	�T�¡��]ScRdcÉFUP���P��AP
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B0 = B1 =
0
0

⎛
⎝⎜

⎞
⎠⎟

,B2 =
1
0

⎛
⎝⎜

⎞
⎠⎟

,B3 =
0
1

⎛
⎝⎜

⎞
⎠⎟

,L = 1
1

⎛
⎝⎜

⎞
⎠⎟
���
�%���

� |	�iPTSOA	����	áÅe 0.7a2PTDOA
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� �  

 

7. r]�  
vwVePTaylor »�WX�Ud`GPTSOA �~


^�eP¨�	WXÜÝ�RS|����¾U}�

�c@�PTSOA e TDOA z{	WXxy�RS|�
���¾U}��c¦?UPTSOA Ud`GP
�A

�úû���iPWXxyUcÂeR`|��ð?L

U��cRdP��Ìu��	áÅeþAVQR�G

ëB`���c¦?UPWX�]ÔL	_X�q²�

WXxy	p���GPÆT�		��eQñ�Qq

��c@�PÆT�		eQñ�©���	áÅ��


��PWX��	{d��Gd	tu��}��c  
 

B    C  
[1]  r#ÑsPtuv�Jwx , y�:z  ,!1 . 2003. 
[2]  {|}~P*OÃ� , ì����  ,!1 . 2002. 
[3]  �#ð�P�GPS 	���÷��P�$�Pvol.82 

no.12,� pp.1207-1215, Dec. 1999. 
[4] Y.Bar-Shalom, X.R.Li and T.Kirubarajan, Estimation 

with Applications to Tracking and Navigation, John 
Wiley & Sons, New York, 2001. 

[5] M.S.Grewal, L.R.Weill and A.P.Andrews, Global 
Positioning Systems, Inertial Navigation, and 
Integration, John Wiley & Sons, Hoboken, 2007. 

[6] ��  ��PGPS wx��P!1*�7$u�AP
!1P2003. 

[7]  J.Yan, C.C.J.M.Tiberious, G.J.M.Janssen, and 
P.J.G.Teunissen, G.Bellusci, “Review of 
Range-Based Positioning Algoritmsn,” IEEE Trans. 
Aerosp.& Electron.Syst. Magazine, vol.28, no.6, 
pp.2-27, Aug. 2013. 

[8]  W. H. Foy, � Position-location Solutions by 
Taylor-series Estimation,�  IEEE Trans. Aerosp.& 
Electron.Syst., vol.12, no.2, pp.187-194, March 
1976.  

[9]  X. Zheng, Z. Hua, Z. Zheng, H.Peng , and L.Meng,
�Wireless localization based on the time sum of 
arrival and Taylor expansionP�  Networks (ICON), 
2013 19th IEEE International Conference on, Dec. 
2013. 

[10]  ����P��  �P��  �� ,�TOA � TDOA
��	¨�ÓP��$O (B), vol. J98-B, no.2 , 
pp.223-233, Feb. 2015. 

[11]  A.Gelb,ed., Applied Optimal Estimation, The M.I.T. 
Press, Cambridge, 1974. 

[12] ��� �P���� , ��âº�UBS��¶�
��� , !17$u�d , !1 , 1982. 

[13] ���� ,�eQñUBS�����xy	��P� 
�$O (B), vol. J97-B, no3 , pp.-333-340, March. 
2014. 

 

a2

― 64 ―




