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Estimation of Mobile Nodes Position considering Accuracy for Ad-Hoc Networks

Masayuki Sato,† Kimitake Wakayama,† Hiroshi Matsuo†

and Akira Iwata†

This paper presents a method,Othello,for estimating the self position of nodes.This estima-

tion is performed under the circumstances in which there are some nodes that are capable
and not capable of obtaining the position information from GPS and have formed Ad-Hoc

network.Othello considers the relationship between the nodes and its vicinity.Depending upon

the record of previous relationship,the improvement of estimation’s accuracy is done.In this

method,especially the case of nodes possesing mobility reveals the possibility of effectively
estimating the position.This research helps in realization of high accuracy without much dif-

ficulty.

1. Â�ÃÅÄ&Æ
ÇIÈ=ÉhÊÌËGÍ§Î¤ÏTÐ|ÑEÒ|ÓÕÔEÖb×PØIÙ§ÚPÛ�ÜIÝ=ÞGß
à ÏXáPâXãEähåXæ¤ç|èÌÚGÐIÑ¤é=êëÔCìGí^îðï?ñ\òhóÌÚ
Ç|ÈEÉ=ÊÌËvôGõP×Göh÷^øvËCùvø^Ë\ú�ûýü{þCÿ��������
� ÏWú�ûýü{þCÿ��|ì�	�
��û��Cú�ûýüZþCÿ��ÌÔ������
Ï����=ÇIÈ=É=Ê��EËPÍ��=×Iñ�����û��EÚGÇ|ÈEÐ|Ñ��� 
! Ë�"��v×#�ÌÏWÇ|È=É=ÊÌË�$�%'&)(���û*�^ËvôGõP×PÐ
Ñ+��,�-¤ß).¤Ï'�
öv÷ ø Ë0/21vÚIÉ§Ê ÔTÐ¤Ñ � Ï#	3
4� û5�Xú û�ü
þCÿ��|ì�6�7§Ú=áXâPãEähåvÚ'8#9^Ú�:�;Eî<�5=�>�ËGÍ
�=×?$TúëûðüjþCÿ��XÚ�@BA�C0D0Evß à ï~ñ5F)C�G�ïTË
H �<=�>�ËGÍ��E×Iñ\ÇXÈ)I ÜKJXÉ=Ê�ËvôÌïjä#L�M#N#O
Ú�P�QR��S{ù^ß0T0U ÖWV�X?��T0U � Ï�Y^Ômñ�Z�[�\�]
^ Ú'_0`�ahù�ËPÍ��h×'Z#[�V�X^Ú5b<c§ñGä0d+e^ÔCË�í
îvÏgfBh0i�j?��k�l¤Ú�m2njÉ=Ê�o¤Ú�p�q�b|Ñ�ËWæ¤çvß
.vÏ§Ô{÷Brtsg�§×�� Ï5�
�=É=ÊBCGöI÷^ø^ËK/�1�É=Ê?�Ku?v�Öm×PÐ|Ñ � Ï^Ôg�

† wyx{z}|�~����������4|�{�4���
Graduate School of Engineering,Nagoya Institute of

Technology

����� Ú��B�hË0	�
���û��Cú�ûýü{þCÿ��hËGÍ��=×EìGÒ
Ó^ø¤î�����C#� H lB;���s}�v×#� Ï��B�*�EÉ=Ê�Ë^ôPõ
×0%<&)()� û�� � Ï�YvÔNßXÐ|Ñ�sg�ýÏ5	�
�qû��Cúëû
ü{þCÿ��XßEìXñ\É=Ê^Ú��=ù ËvôGõP×XÐ|Ñ�C�p��2s}�ýÏ
YvÔ*C5����Ë à Ï�YvÔ��*�^âëÖNî¤ÎK���hîR�Cî<���'�
Ú#�B�Pñ�&¤ÿ����hÜ#�IË#�ýÖT×�$TÐ|ÑÌÚ�p����K�#  Ö
îEÎK���=îR�4¡hñ�ÐIÑÌÚ�p�����¢R�¤ÏK�hÿB£5&�¤=ùhè
Ú'&§ÿB�?�EÜ��

(DSDV ¥ )
ñ0¦=Ñ�§�¨¤ù=èqÚ#�¤ÿ�£

&©��ª?�vî��0&§ÿ)�?�=Ü��
(AODV,DSR ¥ )

C5«?¬
s}�v×#��Ï���s��CËXñ�Ç|È=É=Ê§Ú'8#0�)®#M�¯#°�8#±
®��K�#  ÖT×5u�²?�Wù^øvË�³�´ � Ï�&¤ÿ����hÜ0�XÚ�«
¬©$*µ?¶5�§×���Ï'�
ÇIÈEÉEÊ��=ÚPÐ|ÑýË�·�¸Ìî

ID
��k�¹�ËPâ��vÏ5	º


» û�¼vÜ#��M=ú¤ÿ¾½GÜ0�IÚPÒhÓt$g6B7ÌÚ=á|â
IP ¿ ÒÓÕÔZí^î^ÏNÒ|Ó�C5·B¸§ËIîvÏ���À�Á��5	�	B��IBÂ���Ã

ü4Äg&ÌËGÍ��=×Eì<Å'�IÉEÊ�ÆK�ÕÔ*���5�qÏ*Ç#È§Ú�Æ��
M¤ñ���É�Ú=î<�XÉhÊ)C���É�ÚEî<�<V�X?� ¥ Ú�É=Ê);+�Ê�Ë Öm×�Ö*Ì � s��=Ö{É=Ê�ÆK��C à Ï��)Y � Ög�PÒIÓ
ø¤î#ÆK� ÔyÍ<µ Öm×hñ#	�
��û��\ú�ûýü{þ\ÿ����Nævç
� ÏKÎvß=ÚK«�¬2$Pî�s*�v×|Í ï_ñ<Ï Ë0	�
���û5�\úëû
ü{þCÿ����Næ¤ç Öm×�É=Ê§Ú�7#Ð<Ñ)Ò?��Óvâ � Ï}«)¬)C



µ�¶'�v×#�ÌÏ��)Y�ÚGÒXÓ�C�,�-2s}�����5\�] ^ Ú�µ�Ô
Õ�Ö § Ú'×�ØÌË�Ù¤ç�CG÷�r¾sg�ðÏ��
�EÇ|È=É=Ê^Ú570Ð0Ñ)Ò?�KÏ¤â � ÏNÒ|ÓqËIìXñ�Ú)ÛB;
�\Ú08�9©�Cævç Ö��|ä�Ü�Ý0Ñ+¼�Â#��Þ

GPS
ñ�ß ! È

�mæEç Ö}�
Active Badges

ñgà�á09?�mæEç Ö}�
Active

Bats
ñ

IEEE 802.11
ÇIÈ

LAN
��ç)�B�

RADAR
C

à�â �g�ýÏ
.RADAR

ì�ã©äEËXÍB�¤×XÇ=È�å0æ+�Næ^ç
ÖW×�å�æÕÔWÑ�ÒÌÚ)��ÉR;ç�WÑ�ÒBè�Ý2� � Ï

1).Active

Badges
ñ

Active Bats
ìK�|æEç<§�C5é#ê Ö}��ëIÑ0ì�;

��ë=Ñ Ög�'ß ! È^ñ�à�á�9R�hÝ�Ã5	=Ú���>�ËKí�Òçs}�
� Ë Ñ0ìÌß Ë Ñ ÖmñgÑ)Ò?��Ï=â � ÏNÒ|ÓÌß à Ï

2)
�)Y

���WÚ�Ô�î^ËIìWævçÌË à �EõP×0ïIç^Ú Ë Ñ0ì)MhãEähå
Ú'í�Ò�C<·�¸ÌË=î^Ï'�
ïIç^Ú Ë Ñ0ì)Mhã=ähå���í�ÒÕÖTî<�=ß�µ � Ñ�Ò0Óvâ
ÚK«�¬§ËIì#	�
���û��Cú�ûýü{þCÿ����Tæ¤ç � Ï<¼0Â0�
Þ<C5�0ðtsy�^×XÍ ï?ñ

SpotON
M

Self-Organized Po-

sitioning Algorithm(SPA)
C à<â ���ÌÏK�

SpotON
ì

	�
���û��Cú�ûýü{þCÿ�����@�� � ÏNÉ=ÊÌË�ñ Ö H�ò �
��é�êÕÖbñ ò �XÚ�ó�/��KP�ô Ï�YvÔNß�õ_É=Ê��=Ú5ö�"
��Ó^â � Ï��CÉ=Ê^ÚK÷�æÌÚ5³Iù�Ë*Ñ�Ò#ø�æÌì5ù?. H4ú
7 � Ï

4).SPA
ì'/�1��4�qû��B�=Ú0809ÌÚ5û�ü ^ �'ý

;ç�W�=É=ÊÌÚ5ö�"R��ÝEâ � Ï
Time of Arrival(TOA)Ô)î?�NævçÕÖT×<�=É¤Ê��=Ú'ö�"R�5þ��^Ï

6).
YGÚ'ÔBî

$
SpotON

m5ÿÌñ5Ñ�Ò�ÓÌâ��Cæ^ç � Ï���×¤ÚXÉ¤ÊqË
� �58#9����0ì��ç��é	� ÖN×IÍ H ·B¸�C à Ï'�
ÉEÊº��
���
^Ë�'ø�æ^ßKÑ)ÒR��ÏEâEß).EÏ�ïIç^Ú'8

9#ë=Ñ0ì+��TÕï�� ÎWñ�ì��R;©�WU¾�4�ýÏ�Á=ÿ ò � à Ï
É=Ê�C��Bè Ö4è	� � Ï=ô � î�Ô��EßEì5è	�IÉhÊ§Ú�í�Ò
ÔW� ��
���
¤Ú�ëhÑ0ì�� Ú5í�Ò©Ä�Â ü�C�;�;ëï?ñ'ù��
� î����Iß�@��tsg�qÏNú�ûýü{þCÿ��IË�Í��=×KÑ�Ò0Óvâ
� Ï�=�È�ËIì Õ�� .Pß à Ï���ã=ä=åvÚ5í�Ò?����¡=ñ0�
ÚK=¤ßWöX÷¤ø=îCú�û^ü?þTÿ)�0�g@<� � Ï�	 
 �¤û*�Tú û
ü{þ\ÿ��XÚ5Ï� ©� � Ì H ævç Ömñ#Ì#�Iñ5Ï"! î$#Eÿ 

%$& 	B�Ké�êÕÖNî<�EßIñ�Ä�Â�ü('�) � Ï^Ô+*§Ë�<ø�æ
îKÑ�Ò#Ó§â���µ-,¤ÏBY^Ô�C	.�Ì�Ö}���
/�0 ßEì#	�
���û��Cú�ûðü{þCÿ����Tæ¤ç ÖKÀ§ûyIEÿ
1 ÐEÑ2;t�g�vÉ^Ê Ú�Ñ?Ò�Ó�â2��µ � É§Ê Ú<�vùðË#å
�'ÔBî

Othello
��2#ðÕÖbñ0�EÚ�Óvâ<ø�æR�#¼R½�3 » ÿ

¼54�Ü|Ë§ôÌï Ö ��;^Ë � Ï'�
2. 687:9<;
\�] ^ Ú#_B`)avùðË�æÌç s��ëÏ^ô � î0Z�[ýî<=�È
ß à õP×�$>=�?¤ø^ËPñ�	�
� û��Wú ûðüjþCÿ����Wæ¤ç
Öbñ<�EÚ�1�ó?��É�;©���-@Cÿ 
_Ú�Ñ�Ò	���B��Ó^âEß).
Ï=ô � î$A��BC'·�¸Eß à Ï�� / «)¬vßEì5809#ë=Ñ0ì��
Ôg�¤õ'�"BDCIçEø¤î'ïIç^Ú�é�Ò?�Ké���s+�ýÏ*·B¸2$Gî

H ñ�ã / øvËIì��hÉEÊ§Ú<%<&�(�� û*�=Ú5V�XhÐ|ÑÌÚ	E
ËvôGõP×#�EÚ�=�>�Ë'�ÌÏ*�=É=Ê^Ú�ÑBÒ0Ó^â���µF,EÏEô
� Ë � Ï�Y§Ô��FGmø�Ô � Ï5�
	�
��û��\ú�ûýü{þCÿ���SZé§ì$H��EÚ'V�X?���hÉEÊ
��uRv�ÖT×PÐ|ÑÕÖ�È � YvÔ=Ög;hß�.|î<���B�XñK�hÉEÊ
CKÑ)Ò���T#U � ÏXË|ì�I�J'Ñ)Ò���T0U§ß).EÏmÉ=ÊÌË�V
X?��K Ë Öm×�$B� � Y^Ô*C5·�¸§ËhîvÏ��'�?Y\ß'/�LÌß
ì�=NMvË�I�J'Ñ)Ò�V#X?��T0U^ßB.EÏ�$GÚqÔ=Öb×<k"O§ø
Ëhî¤õ0�'éBÒvñ=ä�Ü�Ý<Ñç¼#Â#��Þ

(GPS)
�Tæ§çÕÖPI

J�VBXR��Q�ª � ÏNÉvÊ Ë$INJ<Ñ�ÒÌÚ"R ï�>©�'þR�^Ï'�
� î�¶�SPñ�I�J<Ñ)Ò�V�X2�

GPS
Ë^ôÌï4T#UÌß).¤ÏWÉ

Ê Ôg�<�¾�NÚ�ÉhÊ);©�yV�X?�T�2�Xñ?SVU§Ú�Ñ)Ò?��Ó^â
� ÏTÉ=Ê Ô*C�W0Ð ÖT×�	 
��û��Cú�ûýüAþCÿ�����@��
� Ï*=�È ËGÍ��=×Iñ�	�
���û��\ú�ûýü{þCÿ��XÚ5Ï	 ©�
a�;ðÖ}�$X�YEø¤î�ÑBÒ0Ó^â���µÌî � ÔBî���@�A � Ï�Y
Ô�� / «)¬§Ú5GbøëÔ � Ï5�
3. Z\[]6]7
/ «)¬ Ô���^§Ú�_)�B	�
��û��\ú�ûýüAþCÿ��IËGÍÌÎ
ÏyÑ)Ò0Ó^â)¼0Â0�)Þ|ñ�e5ÌýÖZÍ^Ë�lB�=×�`�ô Ï5�)e5Ì
ÖZÍvì

Othello
Ô�mKÿ¤Ç|È§ÚGÐ|Ñ	a�d2�Tæ¤ç Öb×57�Ð

� Ï�D�E � Ú à ÏgÑ�ÒD�b���KÓ§â � Ï�Ô)î^ß à Ï
7)
�

e5Ì�ÖZÍ^ì^Þ=Ü¾
{%=ÿ�� ÔCîvÏ
GPS

��c � ÏNÉ=Ê�C
SVU^Ú�Ñ�Ò�V�X��K/�1GÉ=Ê�o0i�jÕÖm×Iñ�Ñ)Ò	���B��Ó
â � ÏmÉ=ÊÌì�i�jçsy�)�<V�X);2��SVU§Ú�Ñ)Ò����B��Ó
â�èD� � Ï�Ô�î§ß à Ï5��Ñ�Ò�Ó^âR� � Ï�èD��ì

GPSÚKÑ�Ò�V�XÕÔ
GPS

;+��SVU�Ì=ß=Ú��ýû��Gó+��dqÞ�À
ò Ô=Öbñ�b�Ò^Ú�e�Ô�ËvôGõP×vì�i����=î�Óvâ"���EËhî
Ï�f)C'�0� ß à Ï'�
e5ÌðÖbÍ^ì^Þ=Ü¾
{%=ÿ�� ÔCî§Ï

GPS
��c � ÏNÉ¤Ê

ChgTÿRÄhÜXËvô§ï<SVU§Ú�Ñ)Ò�V�XR��ûF,EÏ��)e�ÌýÖbÍ
ì�Ñ)Ò���Ó^â � ÏTÉhÊ)C5Óvâ � Ï ò Û¾½�Ü0�|Ë�l��E×
�# ÕÖm×IÍç�4¡hñ ò Û¾½�Ü0�hËvôPõP×Eì�7�Ð)D0E � Ú
à ÏyÑ)Ò����#C�iR�X×'i H îvÏ�Y^Ô'$�ÆK�Ìß à Ï���s
�CË0	�
���û��Cú�ûýü{þCÿ�����@�� � Ï��hÉ=Ê§ìK�Eù
� ��ª�õP×IÍ ï~ñ��=ù � �Tæ¤ç Ög�5Ô�î§Ë � Ï�YvÔ�C
.)ÌýÖ}��� /	0 ß�2#ð � Ï

Othello
ì�Ñ�Ò^Ú�Óvâ<ø�æ

ÔW�¤ù � Ú�ævçR����  Ömñ'Ó§â<ø�æ�Ú � Î��FGPj � �
4. k5lnm-o Othello

Othello
ì

GPS
�Cæ^ç � Ï)Y^ÔCß"INJ<Ñ�Ò©��T�U

ß�.vÏWÉvÊ ÔWñ
GPS

��c � ÏWÉ¤Ê�;+�gV�X©��U§×tS
U^Ú�ÑBÒ?��Óvâ � ÏmÉ=Ê�C^Þ=Ü$p�Þhî5b�Òvß$W0Ð � Ï
=�ÈR��q	2 ÔEÖm×��ÌÏ�� /	r ßEì�Ì5¡hñ�0ø�æÌî�Ñ�Ò
Óvâ���D0E�Ë � Ï����hË�ø�æR���# ÕÖ*��ÓvâvË�l��E×
s �¤ñ$t§ËPñ"<ø�æ�îKÓvâ���D#EÌË � Ï��)�|Úu@\ÿ 




v
1 m,n wyx{zP|~}��>�V�������P���{���+|��P���V�

÷�æ^Ú��"�R� Ö �g;EË � Ï����ðÖb×�Yg�t�K�T��Ì�,G×|ñ
�=ù � �mæ¤ç Öm×5Ó¤â<ø�æ�Ë�lB�h×'�# ÕÖg��Ñ�Ò0Óvâ
Ú�ÔBî

Othello
��� Ö � Ï5�����ÌË�Y*�);©�NÚ$� Ö Ë

à �võ|×$�¤ç � ÏWçD�2��� Ö � Ï��
4.1 ���������  �2¶5�ýÏCç��2�Pâ�¡ � Ï5�
• ¢ @Wÿ 
 : SVU^Ú�IDJ'Ñ�Ò�� GPS

ËvôÌïWT0Uvß).
ÏTÉ=Ê?� ¢ @Cÿ 
NÔP£ � � ¢ @Cÿ 
~ì�m ^ Ë5%<&(B�qû��EÚ)���+�Kµ � �

• ¤ @\ÿ 
 :GPS
��é	� ÖNî0�|ÉEÊ^ß à ï?ñçS>U§Ú

Ñ)Ò?� ¢ @Cÿ 
_Ú�Ñ)Ò�V�X);©��Óvâ � Ï�� ¤ @Cÿ
~ì�m ^ Ë'%<&)(B�qû*�=ÚB�*�©��µ � � ¤ @\ÿ 
ì�Ñ�ÒR��Ó^â�è�� � Ï�E�±R�Kª)l)�
•

Ù�¥
:
/ AN��ì ¤ @Gÿ3
ZËGÙ�¥+��ªR�"�ëÏ�Y§ÔGËôðï>�æýî<Ó�â©�"C¤Ø � Ï#�PÙ�¥ýì ¤ @Pÿ 
{Úc � Ï<À�¦¨§NË�©�.�ªD«B�BY�Y�ß=Ú�ÙD¥ ÔCì#1�ó

�4�ýû��h@�ÿ 
ZËXÍqÎ^Ï ¢ @Gÿ3
{Ú"¬=ót��£ � �ÙD¥®Tì#1�ó3����û*��¯�ä=Ë ¢ @Wÿ 
��t�l2$>°Ì=î<�PÙD¥ Ô=Öbñ\ÙD¥¨±Tì#1�ó ����û*�D¯Bä=Ë ¢@Cÿ 
��¾�{l"°N«IÙD¥ ÔEÖmñGÙD¥³²Wì�1�ó �W�qû
�D¯BäEË ¢ @�ÿ 
4�+õ�l � Î"°�«|Ù�¥ Ô � Ï5�

•

À�¦®§�´�µ
: ¢ @Cÿ 
 Ú ID

ÔPIDJ5Ñ)ÒR�y¶D· � Ï
¸D¹ ß à Ï�� ¤ @Cÿ 
~ì�V�X?��¶D·vß).EÏ�E#±R�ªBl#·B¸)C à Ï5�

4.2 º�»b¼�½�¾À¿+Á�ÂDÃ	�
��û��Cú�ûýü{þCÿ����Tæ¤ç Ö*�KÑ)Ò	���=Ú�Óvâ
ìhñRe<Ì�ÖNÍ�Ë?$Ä�§ç�s*��Ï�Å

1
Ú ô � Ë�òvó Ú ¢@Pÿ 
{Ú|ÐEÑu�F��ävË$°©Ì#�ëÏ��F�vÚ�ÆEò � Ï�ÇNÈ

�gÑ�Ò	���qÔ�Ó^â � Ï��)Y�Ú�Ô��^ì5/�1 ¢ @Cÿ 
{;©�À§ûyI=ÿ 1 � Ë Ñ Ömñ ¢ @Cÿ 
_Ú�I�J'Ñ)Ò ÔP�=ö�É�Ê��û*��ó�;©�PËB� � ���^ôK���B�KÓvâvË<;�;§Ï�Ä�Â�ü
��À�ûgI¤ÿ 1 ÐhÑÍÌ§ÎhË�ÎD)Ìß�.EÏmæÍfBC à Ï5�

��ÌðÖmñ�Ï�ÔÌË à Ï ¢ @Cÿ 
{;©�NÚ5V�X Ög;<T0U§ß.|î<�'=�Èvñ�ÐF,<��Ñ Ë*Ñ)Ò#Óvâ � Ï ¤ @Cÿ 
{C©S+U;©��Ò��Ìû*�=Ú$����ä=Ë à Ï ¢ @Cÿº
_Ú'V�X Ög;<T#Uß�.Gî'��=0È§ìGñV��ù
16πR

2
Ú$Ó�Ô�Ë}Ñ�Ò<ÓEâRsy�ÌÏ

YvÔCËIî^Ï��BY��§ì¾����û*�¤Ú ¢ @Cÿ 
;©�4V�X?��TU � Ï�=�È§Ú$�Bù
πR

2
Ú"Ó"ÔÕÔ+ÕDÖ � Ï^Ômñ

16 × ÚÓ�ÔÕÔWî�ïÓvâ����#C$iR�X×<ù�. H îvÏ��)Y�Ú�YvÔ�;
�mñ^ôÌï�/B� ¢ @Wÿ 
_Ú5V�XR�¤ôÌï�Ø H U¾�4�qÏ�Y^ÔC�<ø�æ�Ú�Óvâ^Ë'l^î0C�ÏGÚ=ì Ö ¤ ß à Ï5�ýÖ}��C¤õ×Iñ�Ñ)Ò?��Óvâ � Ï ¤ @Cÿ 
C�<ø�æÌî�Ñ)Ò0Óvâ���µ� �B�hËhìXñ�/�1�����û*�vËPÍ§ÎEÏ ¢ @\ÿ 
_Ú�7#Ð=óÔ ¤ @\ÿ 
\Ô ¢ @\ÿ 
?ÚB1'óR��ÉRC0ø�æqË���É � Ï'��RY\ß=ñ

Othello
ßvì��+$yX�Y§Ú�Ù	Ú<Óvâ��Kµ � ���

Ë�Û�<ø�æ�ËTÜ�ÒbÝ�ÓNÞ	ßFà�á�â�ã�ä�åFÝ�Þ"æèç>Û�é
ê ã$ä"åFÝ�ë�á�ß	ì	íbî�ïDÚDð�ÜNñ	òÍó�ã�ô�Þ	õ	öhÝ
÷ùø�ú
ôNÞ�ßhàNû"ü�ýùþ�î�ï�ÿ�à��������	��
�î����ßnà
� ü�ý þ��nî����DçTð�� ê ã	� ø î$ä	å-Ý����Nßnà ú
•

������
! #"�î � ü�ý þ�Ý%$'&(�#)+*-,�ìDí
(
ä�å.�

) /10 R
ã2$�&!��)Nã-3�ã�4(5�ß5à�6#7

î����ßFà8�9+:Íã#;�à+Ü�ñ	ò�óNÝyôNÞ(<�=�à$á
â>�?!@�A1B�CÍîyô�ÞEDGFhà ú D(H�î!IJF�î�KEL�Û
$G�M��
N #"Dî����ßnà � ü�ý þ�ã1ONPRQGKRL�ô
Þ�ßFà!I-S�T�8N92S�Uuà ú

•

������
! #"�î � ü�ý þ�Ý2�V&�*-,�ì�í
(
äDåW$

)
�'&bã � ü�ý þYXZH>ôbÞZD�F à1[N\^]

πR
2
î�U�à�á�â$Û�A+B�ChîyôNÞ"ßFà�á�â	î�]�Û_D

H�îR$`�	��
N !"Dî�N��ßFà � ü�ý þaXRHyãbO(P
Q�c�d_<�=�à(I_S�Ý�ä�å�S+ßFà ú $G�	��
( !"�ã
� ü�ý þaXRH�Ü�ñNO(P�T+c+d_<�=�F-e�ô�Þ�ßFà!I
S�T�8�9�SUuà ú

•

������
! #"�î � ü�ý þ�Ý*	f!U	Ú"ì�í
(
ä"åhg

)
I�ã�ìDí-]%$��M�`
��N)�i�FNá�ìNjhî��

��ßhà � ü�ýùþ�ãbO(P�TbkRQJBNC-TM�#l�UNàÄôuÞ
S�Uuà�á�â�ôNÞNã�BNC_TbmuÚ ú D#H�î^gG�	��
��
)�i�Fuá � ü�ýùþnXRH�ã�ONP-]

9πR
2
ã+[1\bîNU

o O�PhÝ�c�dDßhà(p�qsr�î>(t"ôuÞ�ã	u1v2r�S+ß
à$ãN]�w!x!@(<!U�Ú ú ;NàJy(C�ã+A�BNCMU�ôNÞÍÝ
z�{ ßnà�á�â�î�]|$G�	��
N !"�ã � ü�ýùþaTR}`&
�()1~#�#<#;�à_S�ç>Û�I$ã�ì�íbî�� o ôNÞ�Ý ÷ùø
I-S�T�8N92SU�à ú

��� @�î�Û�ä"å���ÛR$�ÛEgVã�hîyô�Þ�ã�B�C_T+A�Ú ú
I�ã$ä"åFÝ�ë�á�D�U�Ú�ìDíM] � ü�ýùþVXRHyã�ONPbÝ�c
d-<-="ðMQTôuÞÍÝ ÷	� U�Ú ú

4.3 �_�1�����(�^���#���#�b�� ü�ý þYX|H�ã�O#PFÝ-Q-S�î�ôÍÞhÝ ÷ øY�_�(� ]�Û



�
2 �'�Y���J�

� ü�ýùþ�ã��hî�>��®çÄðbBNC-T!�1)�ßFà ú S1I��1T �
ü�ý þ�ãb�nÝ�! Dß(¡	]+¢"ß	U ��£

GPS
�nÝ�! Dß

¡ÍîNU o p�qsr¤[!XEH�¥-fnç�lU+¦ ú � ü�ýùþVTb§(¨
ã©#ªbî�«®çÄð1¬MU�E®�àTìDíM]+¢yÜNñNONPbÝ¯Nd_<
=°bî�ôNÞ+BNC-T1±®ç�l�m ê ßnà ú1² I�<N¢ �#�N� î
� o ôNÞ�Ý ÷ ø�³�´#µ SDçÄðN¢�ü�ý þ·¶!C_TbB(Cbîb¸
L�àJ¹!ºhÝ�»!tFà�á�â�î1¢�§�©!ªbî�«®ç'kNm-�b~!�_U
� ü�ý þ¼�hîb&�¦�ð+½N¾�ß-à ú
��¿	À�Áhî��bÂ�ð�A�BNCMU�ôNÞ#TN<#=�àTì�í�S�<�=

U+¦"ì�í_T#;�à!I�S�]�Ãbî�Ä!t�á ú A+BNCMU�ôuÞ�Ý ÷
ø áNâ�î�]+¢2�'�	��
( #"Dî � ü�ý þaTZ$�&N�!)+���
ßFà!I�S�<#;�à ú çTáNT!Â"ð�¢�§�©!ªÍãEÅyã�ÜNñhî�ô
Þbü�ýùþaTb���ÀçÄáESDçÄðMQ�¢ � ü�ýùþaTZ$�&(�()%S
Æ�Ç <�=�à_S�È_ÉEDGFFàbf�<N¢ � ü�ýùþ�ã¶!CFÝ���K
DJÊ-à!I-S�T�A�B(C�U�ôuÞuã�áuâ�ã�ä�åM<�;uà ú
Ë Ý

X
¢+Ì³Ý

Y
<�Í ç�¢�§!©_ªM[N\5Ý

XY
STß

à ú � ü�ýùþ�ã Æ�Ç /�0 Ý R
¢ � ü�ýùþ�ã����!Î��FÝ

N
Î�STß5àMS � ü$ý þÏ§�¨bã Æ(Ç ©-ªhã1Ðhã�t#[N\

]
NπR

2
<-;uà ú-Ñ v+Ò#Ó�îbÔ!ÕFî � ü�ý þVT�ÖDñ

D`Fuð�¦ÍàbU�H�e1¢
NπR

2
T

kXY
� o �M=�¦(×�¢�§

©!ª-"�î$ïN¦Dð+Ø+Ô
k
Îuã � ü�ýùþ�S Æ+Ç <#=�à`©(ª

î(Uuà ú
4.4 Othello AlgorithmÙ î1¢�ÚNÛN:FÝ�Ü#Ý®çTáÞNñ�ôNÞ�ß(à

Othello
î�&

¦Dð1á-â$ßFà ú�ã þY�	��äå|�Rr�æ�ýMä�]Ú(Û(:FÝ ³
ç S�çÄá1å|�^r'æ�ý-ä1<�; o ¢�èNébîÚ(Û_T�ê#ëDßFà
å%�Rr�æ�ý-ä1<!]���¿	À�ÁMT�ìuî�í�ÛDßFà ú I$ã�:!î
Ý�ÜMÝNß5à�áÍâNî �_��� <-]+ï�ð-ÝbñNôbÞ-ü$ý þ+î
ò á1Ênà ú�ó

2
î�ï!ð�ôNÚnÝ�õDß ú!ö ¢ �!�N� ](÷	�

ø ý_ù�T�úNû�ßnà�×!ü�ÝýNþ¨ç`¢���¿h$G�	��
#f�<Dã
O!Pbî��	Þ ç�ÿ��	U1O(PhÝ����NßFà ú
ñ�ôNÞbü�ýùþ�ã��	�(ï(ð-]�ï(ð�
�SVßnà ú+ã�����

� Ó�T����|D`Fnà_S�ñ	ôNÞhü�ý þY]�ï(ð�
`¢��G¢��yã
¦+°(F�X�î���ßnà ú�³�� ã�ÞNñ�ôNÞ#XRH����! �"$#�v
%!&

t ' )(Íî Ù ã�*�+FÝ-, o/. ß ú

ôNÞbü�ýùþY]+¢��_���'�	��
( !"�ãuü�ýùþ�î�«®çTð
Hello 021 �	r�Ý	3 Ñ �/4)51v % ßhà ú  ("�î����Dßbà� üyý þn]

reply 021 �Mr�Ý . ç�¢�687�ã ID
SVÞ�ñ�Ý

reply 091 �%rPî�:�;�ß5à ú ôÍÞhü$ý þ�]b�M�����E�
�î$ï�ÿ�à � ü�ýùþ�ã����(Î��nÝ=<nà(I_S�î�� o ¢ ³
� ã�ï(ð|S { �ÍãN��¿W�'�	��
 � ü�ýùþ��-XRHG� ê ã
*>+ÍÝ ÷Àø�úbö ¢

Hello 021 ��r�Ýc1d®ç+áuüyý þV] Ùî�?Fà�t	=�_�Nü�ýùþVTb����ßFàyì�í�¢!6@7bÝBADC�S
çÄð

Hello 0)1 �Rr�Ý=EB?DßFà!Q�ãRSVßFà ú $G�E��
ã � ü�ý þaX%H
Hello 091 �^r�î�«Dß-à reply 0)1 �rnT . à�ì�í�¢ �'�E��
�ã�ü�ý þ�Ý�ADC çÄð

reply 0
1 �|r�Ý#Q-S�ã�ô�Þhü�ý þ�îEB?Dß-à ú
•

³)� T1ï#ðF
yã�ìDí
³2� ãbï(ð�T�
Äã�ìDíM] { �ÍãN��¿	À�ÁFÝ#Q�S�î
G UuàH*	+hÝ ÷ùø�ú { �hã��'����
N #"	ã � ü�ý
þ¼�FÝ»�tFà ú
–
� ü�ý þVTJI�ÎÍã�ì�í
(a)
ï#ðM]�
�ã(f!fN<_;Nà ú Þuñ�ôuÞ-]$ä	å

gTî=KMLhç`¢|$G�	��
 � ü�ýùþ�ãbÎN�-TR}�Î
�#)_URHe�¢bÞuñFÝyôuÞ�ßnà ú

–
� ü�ý þVT��aÎÍã�ì�í
(b)

�G�E�
! �"Dã � ü�ý þ�ã
ID
S'ÞÍñnÝ

÷N � î�OBPèç`¢�ï(ðbÝ!��î�ßFà ú Þ�ñ�ô�Þ
]$ä�åh$Äî=K!LhçJ¢%$G�	��
N !"�î � ü�ý þ
T �nÎ��!)��(��ß-à�×(¢bÞuñhÝ�ôuÞ�ßnà ú

–
� ü�ý þVT2$�Î#�#)�ã$ì�í
(c)
���-�`
� ("�ã � ü�ý þ�ã�ßNt�ð�ã

ID
S

ÞuñbÝ�÷�N � î�O>PèçJ¢�ï!ðbÝ���î�ßnà ú Þ
ñ	ôNÞ�]�ä�åW�Vî�KMLFç`¢^$`�	��
( !"	ã �
ü�ý þ�ã1O(P�S�Qbî�ÞuñFÝ�ôuÞ�ßnà ú

•

ï#ð�TJ�yã$ìDí
R�³ ãbï(ð�TS�>ã�ìDíM] { �ÍãN��¿	À�ÁFÝ#Q�S�î
G UuàH*	+hÝ ÷ùø�ú { �hã��'����
N #"	ã � ü�ý
þ¼�FÝ»�tFà ú
–
� ü�ý þVT1�(�ÀçU	l�U#Â�á�ì�í
(d)
ï�ðuÝ�
TîÍç�¢÷=N � ã�O�PbÝ-T>U ç�¢�Þ

ñÍã�ô�Þ�õ�ö	] ÷�� U�¦ ú
–
� ü�ý þVT��Y&uã!fNfN<_;Nàyì�í
(e)
���E�
! �"�î��N�ußnà � ü$ý þS�ã!�

¿�À�Á�] ² ã(fNf�<#;�à�8�9�:-T�A!¦ ú ï!ð
]��>ã�f�fDîbç�¢V�Ná�î=W�ÿ-SJÂ�á

ID
¢�Þ�ñ

ÝN÷�N � î�X	=-YELb¢MD!H�î%$G�	��
 � ü�ý
þVT �¤Î!�()�����ßFà�×(¢�ä�ås$Äî=KML�ßnà
ãN< �¤Î�ã����	��
N !"�ã � ü�ýùþ�SM�¤Î#�
)Nã|$G�	��
N !"�ã � ü�ýùþ�ã1ONP�XRHYÞuñ
Ý�ôuÞ�ßnà ú



–
� ü�ý þPÝ%$'&!�!)+*_,�ìDí
(f)
�báuî � ü$ý þ�T Æ(Ç /b0 "�î�K � Â�áI�S�T � X�à ú ï(ðbÝ���î�ßFà ú �Ná�îWbÿ

S�Â	á+§.���^��
# �"�ã � ü$ý þ�ã
ID
¢�Þ

ñbÝ�÷�N � î�XM=-YELb¢�ä	å �Vî=KML�ßFà�á
â1¢	D!H�î^$`�	��
N !"	ã � ü�ýùþ�ã1ONPZS
í � Ê�ð�Þ�ñhÝ�ôuÞ	ßnà ú

�
3 (h) Z\[^]

•

ï!ð_T���ã$ì�í
R�³ ã�ï(ð�T��yã�ì�íM] { ��ãN��¿	À�ÁFÝ�Q�S�î
G UNàH*	+FÝ�ßFà ú { �Íã����	��
( !"	ã � ü�ý
þ��nÝ»#tFà ú
–
� ü�ý þPÝ*	f#U�¦"ìDí
(g)
5(�bã � ü�ý þYT2_�×�î ÆNÇ òbó`hî�a

ábï(ð�<_;�à ú ï(ðbÝM
�îhç`¢(÷�N � ã�O>P
Ý�T�U®çJ¢bÞuñÍã�ôuÞ�õ�öhÝ ÷	� U�¦ ú

–
� ü�ý þPÝ2�V&�*_,�ìDí
(h)
I�ãb "�#bv % ]�¢+bUbî%$'&!�!)uã �

ü�ý þ'Ts�`�E�
# -"uî�;NÂ�á-]�°	<M; o ¢
² ã øJ£ ã!;�à � ü�ý þnThû"ü�ýùþ�ã Æ�Ç  
"�XRH�iBc¨ç>á R�d ã>e!ü�<#;�à_S'ÈNÞ!<�=
à ú z�f î(]!÷�N � A�î!;�à � ü�ýùþ

ID
ã

øJ£ ¢ { �Íã Æ�Ç  !"Dî�]����èç�U+¦12UNã
� ü�ýùþ�ãbONPbÝ�Ü�Ý�ßFà ú 2UNã � ü�ýùþ
ã#3-gBh!�Íîuû"ü�ýùþ�ã����Dò�ó�ÝTôuÞ!<�=
à ú

(
ó

3 i�j )
D_H$î�; � Êbð#¢ { �Fã �

ü�ýùþ�ã1ONP#XRH�ôNÞ�òuó2k_D!H�î-lhâ�à(I
S�TN<-=�à ú ï(ð-]���SDçÄðN¢ { �.�'����

 #"�î(;Nà � ü�ý þ�ã

ID
S@m(«�Þuñ!kN÷N

� î�X	==YRL�à ú
–
{ �Íã����	��
N !"Dî�*_, � ü�ýùþ��MT#÷�N
� î�X	=�n-f1F�áÍü�ý þ�� S`Õ¨ç�¦"ìDí
(i)
)UÍã+ï#ð S�1¿^À�ÁET�í � Â�ð!¦_U(¦

8�9�:-T�A(¦�ã�<bï!ðMk���îhçTá(fNf�<�¢�Þ
ñuã�ôNÞDõ	öMk ÷	� U+¦ ú áBo-çJ¢ � ü�ýùþ
ã

ID
¢�ÞNñ	]!÷N � î�X	==YRL�à ú

–
{ �Íã��'�	��
N #"Dî�*#, � ü�ýùþ��-T#÷N
� î�XM=�n#fbFuá�ü�ýùþ·�%� o ��KèçÄá$ìDí
(j)
I�ã"ì�íE]��Íá-U � ü$ý þ�Th���R��
# 

"�îHp�qèçÄá	I�S�T � X�à$ã�<�¢2�'�	��
! 
"�ã+§ � ü�ý þ�ã

ID
¢�ÞÍñ�k!÷N � î�XE=

YELb¢�ï(ð-]!�yã(fNf�<#;uà ú Þuñ�ôNÞ�]�ä
åW��<�; o ¢	D!H�î^$`�E��
N !"�ã � ü�ýùþ
ã+O(P�k�*Fâ	ð�Þ�ñuã�ô�Þ�k ÷ ø�ú

–
{ �Íã��'�	��
N #"Dî�*#, � ü�ýùþ��-T#÷N
� îX�=�n_f+Fuá1�%� o �!¬èçyá�ì�í
(k)
I�ã�ì�í�]b¢��UNîE$n&���)Dã � üyý þ¤T

������
N !"�îN;NÂ"á!]b°�<#; o ¢ ² ã øJ£
ã#;�à � ü�ýùþVThû"ü�ý þ�ã Æ�Ç  ("�XRHGi
cèçÄá R�d ã>e#ü�<#;�à-S�È�Þ!<�=�à ú z2f
î(]!÷�N � ADî(;Nà � ü�ý þ

ID
ã ø�£ ¢ {

�bã Æ�Ç  ("DîN]����èç�U+¦12UNã � ü�ý þ
ã1ONPMk�Ü#ÝDßFà ú 2UNã � ü�ýùþ�ã#3-g�h
��îuû�ü�ý þ�ãb����òuó�kTô�Þ(<#=Dà ú

(
ó

4

i)j )
D�H�î(; � ÊÍðN¢ { �bã � ü�ý þ�ã+O

P#XEH�ô�Þ$òuó�k#D(Hyî-luâ�à�I#S`T�<!=Dà ú
ï!ð-]��yã(fNf�<#; o ¢ { � ������
� !"Dî
;uà � ü�ý þ�ã

ID
S@m#«+ÞNñ�kN÷�N � î�X

=�YELNà ú

�
4 (k) Z\[/]

�!)NãM� ø îhçTð(¢
Othlleo

]	r	v-42s�v¨þ�ã1O!P
Æ�Ç XRH { �Íã���¿	ÀÁ�k�»!t!¢B_+×Nî2UNãN��¿�À
Á Syã�í>t�k�»!thàNI�S�<bk^Q�A+BNC	U�ôNÞ(T���u-<
=�à�ï!ðuãN×uî	ã	vbÞ�ñ�ã�ô�Þ	õ�ö�k ÷ ø�ú
5. wyxbz|{=}yw�~��
�B� <#]��b�_Uuü�ý þ·¶�C-<

GPS
k��	�ußFàDü�ý

þ�S
GPS

k-�	�Àç�U+¦�ü�ýùþ/k Ñ vbÒNÓ�î�Ö�ñ	ßnà ú
² ã�)�<

GPS
k��	� ç�UN¦bü$ý þVT

GPS
k��B�uß

à�ü�ý þaX^HYÞNñuã�ONP!k�c�d®ç	6@7�ã�ÞNñ�kyôNÞ	ß
à�ß!à�k	��#-�9�Äýb���v�î_� o���� ç`¢ ² ã�B(C�k
�	� ßhà ú1ó

5
T ² ã���v�
 ��� [!<!;Nà ú=� [#]��



Thûb;�à�¦#] � ü�ýùþa<#; o ¢-����©#ª_Tbñ�ôuÞbü�ý
þ�î_� o ôNÞ9k-D`F�á�©!ª_<�;�à ú ñ	ôNÞbü�ý þaTÞ
ñ�ôuÞ�k ÷ ø qB�%�
2���V�%r/k�Í�ß ú

�
5 �������^�8�

5.1 ���>�=�^�- �¡N�!�_�!�1�¢ fhçVï ��� <(]1¢
GPS

k-£	ßÍà	ü�ý þ¤XEH�O�P�k
¯Nd�ßnàb����
��Íã�k���¤�k�â � îFçÄðN¦�U+¦ ú ÷	�
ø ý!ù$ã�ú�û	¥�¦!k�ý-L�à(SG¢�÷(� ø ý!ù�ã�ú�û��#��

�	]�<�=�àb� o ¬MU	l>ßnà�¡�T>§_fnç`¦�á�â1¢Z$G�E�

(fN<Dã � ü�ýùþ�ãbONPMk�c�dDßhàTì�í2S(}��	��
(f
<Dã1ONPMk�c�d�ßFàÄì�íbî$ï!¦Dð�¢�����ßFà8�9�:Íã
;Íà�Þ�ñ�òFó9kb>�? ç�¢ ² ã>¨�©Sk ó

6
¢ ó

7
î1õ

ß ú áBo-çJ¢�úNûFî��	à�O(P-]Íû"ü�ý þ·¶!Cbî_�+Â�ð
X � àDª�¢Íû"ü�ýùþ·¶#C!kí	L�á1ï(ð�<MQ��#-���>ý
�S��v�k ÷ Â	á ú�« Þ 0 Ñ ÷� (]bÍ 1

ã Æ o <�;�à ú
ö ¢ �>¬) ]

IEEE802.11 ® � LAN
kD¯uÞ³ç`¢ Æ�Ç

/�0 100m
¢�§(©-ªSk Ë

1km,
Ì

1km
Suç�ð)�J#��

�Tý)���bv>k ÷ Â�á ú
°

1 ±^²´³¶µ·/¸
1km x 1km

GPS ¹»º�¼¾½ 50,70,90,110,130,150,170,190¿´ÀÂÁ�Ã
100m

±8²8Ä�½ 1000 ÄÅ ²/Æ´Ç È´É8ÊHËÍÌ/Î�Ï\Ð¶Ñ´Ò@Ó�Ô Å ²´ÊHË

Õ îõ�ß2SÄï o ¢�_�Ö"û � ü�ý þ��	URH�e�¢|$`�E�

(fN<DãbO�PR� o Q�}��	��
(f�<�ãbO�PMk�c�dèçÄábß
TbB(CM]1A^l�U(Â�á ú S1I+�1TN¢ Õ XRH�$G�R��
NfN<
ONP!k�c+dDßFàTìDí�<MQH×�7-U�Þ�ñ�ôNÞ!T ÷ L�à(I�S
T � X�à ú }��	��
!f�<+ONPMk�c�d�ßFà(I�S�]1ë$Ö�à

�
6 ØÚÙDÛÍ�^Ü/Ý�Þ/ßVÏÍàHá@Ë

�
7 â»ÙDÛÍ�^Ü/Ý�Þ/ßVÏÍàHá@Ë

¥�¦Íã"á�â	î-ã>äNãÚNÛ!×�î�ïN¦	ð�åBæ�k�*�v+ 	ß!¦ ú
çÄáNT!Â�ð �#�N� <!]%$`�	��
(f�<DãbO(P�XRH�ôNÞ�k
÷ùø�ú

5.2 �b� �¼�N�%���!�_�!�+�� ü�ý þ¼�R]b§�¨bã�©_ªFîb«èç�ð1¶�C	TNA�¦"ì�íM¢
GPS

ã�ç�ñ|p�qWrYTNA|l�UÍà ú çyá#T�Â	ð(¢��)�	U
ü�ýùþ�¶!C�k»!tFà(I-S�T1~#�Íî�UNà ú fb°N¢���#=�
�>ýb���v"î_� o Ñ v1Ò(ÓDî�ü�ýùþ8kÖ�ñ®ç`¢ � ü�ý
þ�ã¶(C�ã����¤!k+âEH�X�î�ßFà ú=« Þ�ä"å�k�Í

2
<

õ�ß ú
°

2 ±8²´³¶µ·´¸
1km x 1km

GPS ¹èº�¼é½ 50 ê-ë 200 Ü/Ý 5 ìÂí¿¶À@Á�Ã
100m

±^²^Ä�½ 100 Ä

§!¨_@uî�Ø�Ô
k
Î

(k=2,3,4,5..)
ã � ü$ý þ�S Æ�Ç

ßnà�áuâ�î�] ² Fbî+F	ï�ö�ß-à_S�¢
1km

2
ã�©!ªhîN]

64
Î#¢

96
Î#¢

128
Î#¢

160
Î�yNC�ã � ü�ý þ��_T�~(�



�
8 É^½�Z�ðV¹»º�¼òñ\ó/ÊHËõô ¸ Z�ö/÷ ( ø ) ÔÂØúù@û/ü@Z�ðD¹èºB¼òñ\ó�ýõþ/ÿVË ô ¸ Z�ö/÷ (

�
)

î�Uuà ú(Ñ v1ÒNÓDî�Ö	ñDßFà(I�S�k�ý	L�à_S�ÖDñÍî��
o ]~�°NëJÖ�à�á�âb¢ « ÞÍü�ý þ ��ã��bk

50
XEH

200S�í	t��)k��M=-lÂç	� ç � ü�ý þ�ã¶!C2S Æ+Ç T14�5
ßFà � ü�ýùþ�ãbÎ���Syã(ÀÁ�k���#-���>ý)���v"î��
o ö�aFçyá ú ¨B©�] ó

8
� o ¢+§#¨uã

90 
 T2$YÎ#�)�ã � ü�ý þ�î=�®ç>ð�¦ÍàG©!ªÍî�UNà�ã!]
150
Î(�N)

� ü�ý þ8kbÖDñÀçTá(×�î(U!Â�á ú ç�á(T_Â�ðN¢
1km

2ãb©�ªnî
150

Îbã
GPS

k�£�ß5à-ãbä�kbÖ�ñ�ß#F	eN¢
ô��	ßFà-ã�ä�ã ���E��
( #"�î%$YÎ#�!)Nã

GPS
k�£

ß-àHã�ä-XRHGO!P!k�d�HGF-à!I-S�îNU�à ú
5.3 Othello ����� �¡�!)�ã�¨B©!k��-f#L�ð�¢����_UNü�ýùþ���k Ñ v1ÒNÓ
îbÖDñ%DJÊh$`�R��
!f(<�ãbO!P!k�ñ�ô��Fü�ý þYT &

t(�î�rMv-4�s	v®þ�îONPMk�c�dDßFà ú §nü�ýùþ�î�Ú(Û
:!k ò á�ÊNá�ì	íuã

Othello
ã�Þ�ñ	ô���¨B©Mk ó

9
î

õDß ú }�����
(fN<DãbONPMkbc�dDßFà ¢ fnç+ï�ã�ÞNñ
ô���¨�©!k ó

10
î�õDß ú« � 0 Ñ ÷� �]bÍ 3

ã Æ o
<_;Nà ú

°
3 ±^²´³¶µ

·^¸
1km x 1km

GPS ¹»º�¼é½ 50,70,90,110,130,150,170,190¿�À�Á�Ã
100m��� 0 m/s ê-ë 5 m/s Z��/�����¼���

±/²���� 4000s���� �!#"%$'& ��(*) t 4sÅ ²^Æ´Ç +�,�-�.�/a����0�1�2 (Othello)

âÍÙDÛ»�^Ü´Ý^Z�Þ^ß ��� ( 3èÜ-ý54 )

¨�©%� o ¢
Othello

] ¢ f-çÄïE� o
5
7Íã

1
X^H

27Nã
1
yNC#f�<�ô���òuó�kHlÍâ�àNI#S`T+8+9#<!;+Â�á ú

6 î
GPS

k�£�ßFàDü�ýùþ�ãb�MTb¬�U�¦N×�î�ï!¦�ð1B

�
9 Othello Ò@Ó Å ²�7�8

�
10 3�ÜHý54a���¶Ò@Ó Å ²97�8

C�ãæ�T!â:!<#;�à ú I$ã-I�S�XRH�¢ ¢ f-ç+ï�ã�ô;�
ã�ß � ]1¸MLMH�FNábONPN§uð�îyô��	õ�öMk ÷ ø á�â�B
C�[#¢1w!x![�<	<�=�T�;uà(I_S�T � Xbà ú

Othello
<

]�ô��Nî=�èçÄáb �"J#�v % î�Þ�ñMkyô;�9k�ßhà(I�S�<
ÿ	�MU�O(PMk ®> ßFà!I�S�TN<�=1¢-D!H�î�2UNã�ï!ðk�Ü#Ý	ßFà!I�S�<�ü�ýùþ�ã�Ú(ÛMk ø fEl'Ü#Ý	ßFà(I_S
TN<�=�á ú D!H�î

Othello
<!]�ô��	õ	ö�ã � ��kH� H



�
11 Othello Z Å ²8Ä�½

ß%I�S�TN8�9_<#;uà(I_S] ó
11
X^H ��� <_=�à ú ¢

fnç>ï�ã�ô�� � ��]�ONP(c�d�×uî�( � ÞNñ	òuóDã�ô��
k�ßnà�á�â@?BA

1000
� <#;�à ú I�FÍî�«³çJ¢

Othello<�]
GPS

ü�ý þ��MT+¬MU�¦|S�=	î(]�d2H`Fnà�O(P_T
¬EU�¦�áuâ�î�ôC�	ß5à � �R]�¬EU�¦#T(¢

GPS
ü�ý þ

T
190

î(UÍàb×#<�Qb¢�ôC� � �Skk_�_<EQ
600

� y
Cbî�����ßFà(I_S�TN<�=�à ú çÄá(T!Â�ð

Othello
]�w

x�DEl'Þ�ñMk�ô��#<-=�à!I-S�T ��� <-="á ú

6. E F
ã þV�	��äå%�Rr�æ�ýMä�]�e#ü�@uî�¿HG	À�Á	T1í �
àåZ�^rGæ�ýMä�<�; o ìuî'I��³çTð

GPS
k=�	� çTá

ü�ý þaXRH�ONP!k�c+d_<�=�àyì�í!k�J�=1¢ ² ã�ô���¨
©�]LK ÑBM	N T�ë�ÖTð(¦Íà ú ;NàDü�ý þ�]

GPS
k=�

��ßnà�ü�ýùþaX^Hyã�ONP�T�áRl�D�O+c�d-<�=�à�T�¢�
ã!;Nà�ü�ýùþY]�§ZlQP�R5çTá1ï(ð�<�; o ¢�ô��#<�=�U
¦^S�¦#Â�á1Ö�ñÍî���àTS�æ�T+ë�Ö�à ú d2H�FFà�ONP�T
¬MU�¦�ì	í_<MQ �#��� î��	à_S��¿	À�Á�k�»BU�ßFà(I
S�î_� o ã�äuã�Ú!Û#×Nî�ê#ë	ßnà`2U|S { ��ã(��¿	À
Ábã1í>t!k-<nà(I_SJT�8�9Íî�U o ô��+BNC�ãN�+)!T-ç
á ú �!#-���Äýb���vb<!]+Ø+Ô�ã�ô���ò�ó2k�kVD�×Nî
ï�¦�ðh�G�E��
Nã ÆNÇ ©�ªhã

150
7Íã

1
î�WSL$ß5à

250m
2
y!ChîNfN<�lhâNà#I�S�T!<_=�á ú

7. XZY\[V]Z^
�#�N� oNÿ1<b�

cm _ Þhã�AJ��` � ã�ô��!TN<-=�àQ�ãN<#]!U�¦ ú(² Ib<N¢
Othello

î
TOA

ß�àN �ã�ä
üLa(i�½B<�ã �(� kTb o q!Fnà(I�S�<�¢MD!H�Uuà�BNC
ã(�+)9kE��c�SVßnà ú+² çTðN¢���q@d-Ó�k ® � LAN

¢
IEEE802.11

k�Ý�¦Dð z �DßFà#I�S�T�e d ãgfB=�S�U
à ú z �!k ÷ ø I�S�< Æ�Ç ¥>¦# �h�ihî��	à�jBkHl�m
S�¦_Â	á ÆNÇon îhî+&_¦�ð@p	q�Ub»�U	TN8(9�S�Uuà ú

D!H�î Æ�ÇVn î�TLr>t�ßnàTì�íÍî$ï(¦�ðMQ�«s-<�=�à
� ø î�ßFà!� ø U�39�>ý_Ó�æ�ý_äBkýBt�ßFàNI�S�  �
��q@d�Ó�î$ï�ÿ�à�O(P(c�d2���_×!ü�¤ &

t
k�kB�bî�Û

@Nî�í��>ç���ßFà#u!ßbî�ßFà�t	=1<�;�à ú f	áN¢ Æ�Ç
/�0 T G UNà�å%�Rr�æ�ýMä #¢�ã�äMk Ñ v1ÒNÓ	ã�ß ��>`_<bÖ�ñDßFàTì�íÍî$ï!¦DðMQ�A+BNC	U�ô��(TN<�=�à
I_S�T��u2DJFnà ú
8. v w x
�Hy <#]

GPS
î-� o Þ�ñMk�cNd-<�=NàDü�ýùþ�S�<

=!UN¦nü�ý þ'TBz!��ß à'{	|5î	ï_¦uð>��}^UbÞbñ�ô
�9k ÷ ø á�â�ã$ä�å�k�ö9aFçÄá ú f�á�¢b���uü�ý þ�S
ãN��¿	À�Ánî��bÂ�ð!]1A(¦+BNC_<Þ�ñMk�ô���ßFà(I_S
T�8�9�<�;�à(I#S�k�õèçÄá ú1² ã�ì�í!k�ÞNñ�ô��9k ÷
ø ä�å�S#�"æ¨çG¢�B�C!ký�þèçÄáÞNñ�ô;�9k ÷ ø Þuñ
ô�� �N� k ç t¨çÄá ú f	á ç tèçÄá �N� <!]�ã�äuã�Ú
Ûbî�ÀFçTðMQ�ý�þ¨çÄá ú ��¿�À�Ábã�ï(ð!k-:�~%DGÊ�ð
ï^l+I�S�î�� o ¢�Þuñ�ô���ã��>�! �"$#�v % î$ï!¦�ð
³2� S�e � ãN��¿	À�Á�k�>N?�ßhà(I�S�<M� o A(¦1B(C
<Dã�ÞNñ	ô��!T�8�92S�UNÂ"á ú ç t �(� ]B��#-�9�Tý
���v"î�� o��	� ã�ÞNñ�ô;� � � o QD£Nw_<#;�à(I_S
k ��� çTá ú e d ãgf@=�]MD#H�UNà�BNC	�1)%S z ��)
ë�Ö�à�<�=Sk�«�*èçTð;�	l�I-S�<�;uà ú

� E � �
[1] P.Bahl and V.N.Padmanabhan:RADAR:An

In-Building RF-based User Location and

Tracking System,Proceedings of the IEEE In-

focom 2000,vol.2,pp. 775-784,2000.

[2] R.Want,A.Hopper,V.Falcao, and J.Gibbons:The

Active Badge Location System,ACM Transac-

tions on Information Systems,vol.10.(No.1),pp.91-

102,1992

[3] J.Hightower and G.Borriello:Location Sys-

tems for Ubiquitous Computing,IEEE Computer,pp.57-

66,2001

[4] J.Hightower ,C.Vakili, G.Borriello and R.Want:Design

and Calibration of the SpotON Ad-Hoc Loca-

tion Sensing System,UW CSE 2001-08 ,Univer-

sity of Washington,Seattle,Aug 2001.

[5] http://www.terminodes.org

[6] S.Capkun,M.Hamdi and J.P.Hubaux:GPS-

free positioning in mobile Ad-Hoc net-

works,Journal of Cluster Computing,2001

[7] �C�\�	� ¢H��� ÇC� ¢@�������^¢����L�V� :
¢

f³çTï
:
ã þ��E�1ä ø v��!åZ�^rJæ�ýEä�î�ïFÿ�àü�ý þYÞ5ño�\�Mß^àR¢�OEP!*!+��V�|¢	NoK�"

� p#vC����ý;dM5#v % SNæ�"C�F��q Æ#Ç ¬! �
Vol.2001(108),pp.22-30,2001


