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3 * 3 GRID OF  BEACONS

FEWER AND LARGER LOCALIZATION REGIONS
MORE AND SMALLER LOCALIZATION REGIONS

THE SHADED AREA REFLECTS ONE LOCALIZATION REGION
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 Beacon Deployment Density (per sq.m)

 Beacons per nominal radio coverage area

Ideal
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Beacon Deployment Density(per sq. m)

Ideal

Beacons per nominal radio coverage area

Grid
Max 

Random
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Beacon Deployment Density(per sq. m)

Ideal

Beacons per nominal radio coverage area

Grid
Max 

Random
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 Beacon Deployment Density (per sq.m)

 Beacons per nominal radio coverage area

Ideal
Noise=0.1
Noise=0.3
Noise=0.5
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Beacon Deployment Density(per sq. m)

Random

Beacons per nominal radio coverage area

Ideal
Noise=0.1
Noise=0.3
Noise=0.5
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Beacon Deployment Density(per sq. m)

Random

Beacons per nominal radio coverage area

Ideal
Noise=0.1
Noise=0.3
Noise=0.5

�`~1v:�&Y3�ú¥`j]u'�Um[u�r k=n3lZjcm=�`s�{:j#��k=n:�:m[r k=p1v[m[u�~ s'{:rØ��~ s'{Y��m[~1t�j
±;ÀJ° ¿�¼E¸\±;¿�ºUÛ3±+®VºU¼J­�°\²�²V¼7²�Á�º%®V¯.Âb°3±7¸4¼7­.¶G°\­R¹ZºU®]¾�ºU­�®V¯`°�»R²�°3¹Z°\­R¸�° ¼7³D­`¼7º<¹�°7ÇD�cº�À7´R²�°�%YÀ7²=±;»`¯R¹
±:·7°\²V±7À7°�¿�¼G¸4±;¿�º�Û\±+®VºU¼J­.°4²V²V¼7²#³�¼J²L·:±7²�º�¼7´b¹�Â¦°\±J¸�¼7­�¶G°4­R¹�ºU®�º�°\¹L±;­R¶�­`¼7º<¹�°�¿�°4·J°4¿<¹4ÇQÐÃ°Y¼JÂR¹Z°\²�·J°
±�¹]®V°\±7¶`¾ÕºU­R¸4²�°3±7¹�°Wº�­Ù±:·7°4²=±;ÀJ°�¿�¼E¸\±;¿�ºUÛ3±+®VºU¼J­Ë°4²V²�¼J²�³�¼J²Y°\±7¸=¯ÃÂb°3±7¸4¼7­Ã¶`°4­R¹�º%®]¾Øý�°7Ç ÀRÇ�µI³�²V¼7½���7½ ®�¼ ûE";½ ³�¼7²3�RÇ �)ûÄÂ¦°\±J¸�¼J­R¹�»b°\²�¹<�J´b±;²V°�½.þ�±7­R¶Ø®�¯`°Ë¹V±+®V´`²=±+®�º�¼7­ Â¦°\±7¸4¼7­ ¶G°\­R¹ZºU®]¾
ýf³�²V¼7½£�RÇ � �L®�¼>�RÇ � ��¯�Â¦°\±J¸�¼7­b¹#»¦°4²�¹<�)´R±;²V° ½.þ#±J¹
®V¯`°�¿�°4·J°4¿R¼7³Jé$U&½�|�{�º�­R¸�²V°\±J¹Z°3¹/³�²V¼7½£�Y®�¼�`Ç°¯GÇ�ÈL¯`°W±:·J°4²=±;À7°Y¿�¼G¸4±;¿�º�Û\±+®VºU¼J­O°4²V²�¼J²�³�¼7¿�¿U¼+Á ¹ ®�¯`°�¹�±7½�°AÀ7°\­`°4²=±;¿D®�²V°4­R¶ÕÁ�ºU®�¯ÄºU­R¸4²�°3±7¹�ºU­RÀ
Â¦°\±7¸4¼7­O¶G°4­b¹ZºU®]¾.Á�ºU®�¯Õ­`¼Jº�¹�°�±7¹LÁ�ºU®�¯Oº�¶`°\±;¿�º�Û4°\¶�²=±7¶Gº�¼W»R²�¼J»R±;À)±+®�º�¼7­�Ç�cº�À7´R²�°��OÀ7²=±;»R¯R¹�®�¯`°.º�½�»`²V¼+·7°4½�°\­J®�º�­É®�¯`°.±:·J°4²=±;À7°�±;­R¶É½�°\¶`º�±7­É¿�¼G¸4±7¿Uº�Û\±;®�º�¼7­É°4²V²�¼J²
Á�ºU®�¯�®�¯R°s� ±;­R¶`¼7½ ±7¿UÀJ¼7²Vº%®V¯`½Oµ#³�¼J².·+±;²VºU¼J´R¹�Âb°3±7¸4¼7­�¶G°4»`¿�¼+¾E½�°4­)®�¶G°4­b¹ZºU®�º�°\¹.±7­R¶Ø­`¼7º<¹Z°
¿�°4·7°\¿�¹\Ç�ÈL¯`°�À)±;º�­R¹Yº�­ÉÂ¦¼;®V¯ ½�°�®�²Vº<¸4¹�Á�ºU®�¯É®�¯R°3� ±;­b¶G¼7½ ±7¿UÀJ¼7²Vº%®V¯`½ ±7²�°�¹�¼7½�°4Á�¯R±;®�´`­GÆ
¸=¯R±7­`À7°3¶�Á�º%®V¯ ­`¼7º<¹�°7Ç ÈL¯`º<¹�º�¹�±7¹�°�ÏG»b°3¸[®V°\¶zµ�Âb°3¸4±;´b¹Z°Ë­R¼7º<¹Z°Ëº<¹�­`¼;®O±;­ º�­`»`´G®�ºU­ ®�¯`°� ±7­R¶G¼7½ ±;¿�À7¼7²VºU®�¯`½OµGÁ�¯`º<¸=¯�¶`¼)°3¹�­`¼7®L½�±7Í7°�±;­E¾.½�°\±J¹Z´R²�°\½�°\­)®V¹\Ç�cº�À7´R²�°3¹}G�±;­b¶����AÀJ²V±7»`¯.®V¯`°YºU½�»`²V¼+·7°\½�°\­)®�º�­�®V¯`°�±:·7°\²V±7À7°�±7­R¶.½�°\¶`º�±7­�¿�¼G¸4±;¿�º�Û\±+®VºU¼J­
°4²V²V¼7²DÁ�ºU®�¯A®�¯`°LÔË±+Ï�±;­b¶-
�²�º<¶�±7¿UÀJ¼7²Vº%®V¯`½�¹D²V°\¹�»b°3¸[®�º�·7°\¿U¾Jµ3³�¼7²Q·:±7²�º�¼7´b¹DÂ¦°\±7¸4¼7­�¶G°\»`¿�¼+¾)½�°\­J®
¶G°\­R¹ZºU®�º�°\¹�±;­R¶�­`¼Jº�¹�° ¿�°4·J°4¿<¹4ÇcÐÃ°�¼7ÂR¹�°4²V·7°�®�¯b±+®�­`¼Jº�¹�°�½�±;ÍJ°\¹/²V°4À7º�¼7­b¹
¼;³I½�¼E¶`°4²=±+®�°�Â¦°\±J¸�¼J­
¶G°\­R¹ZºU®�º�°\¹�ý��`Ç �$��¯�®�¼H�RÇ � �AÂ¦°\±7¸4¼7­R¹Y»¦°4²�¹<�)´R±;²V°W½.þ�½�¼7²V°Wº�½�»`²V¼+·:±7Â`¿�°Jý�º�½�»`²V¼+·7°4½�°\­J®=¹�¼7³�`Ç°¯+½ ®�¼/�4½ º�­Ã±:·7°\²V±7À7°Y°4²V²V¼7²�³�¼J²�¸4¼7²V²�°3¹Z»¦¼7­R¶`ºU­`À�º�­R¸4²�°3±7¹�°\¹�º�­Ã±:·J°4²=±;À7°Y°\²�²V¼7² ¼7³��4½ ®�¼";½.þ�Á�ºU®�¯O®V¯`°-
�²�º<¶O±;¿�À7¼J²�ºU®�¯`½Oµ`±7­R¶�®�¼.±�¿U°3¹�¹�°4²�°4ÏE®�°4­)® Á�ºU®�¯O®V¯`°�ÔË±+ÏO±;¿�À7¼J²�ºU®�¯`½OÇ#ÈL¯`°
º�½�»R²�¼+·J°4½�°4­)®V¹�®V¼�®�¯`°�½�°3¶Gº�±7­�°\²�²V¼7²�±7²�°Y²V°4¿<±+®�º�·7°\¿U¾�´`­R¸=¯R±7­`À7°3¶�Á�ºU®�¯Õ­`¼Jº�¹�°7µGÂ¦°\¸\±;´R¹�°�±7¹
Á�°�­R¼;®�°3¶�°\±;²V¿�ºU°\²\µ)®�¯R°Y³�¼E¸4´R¹�¼7³�®�¯R°�±;¿�À7¼7²VºU®�¯`½�¹�º�¹ ¼7­�ºU½�»`²V¼+·EºU­`À�±�³�°4Á ¯`¼7®�¹�»¦¼;®V¹\Ç



=[ä å æ/çRèzé+ê é�ëVé;ì7í+çbîIï�ð ñ+ï\ò�ó+ô+ô�ó;ô4ñ�õ#ç`ö;ë�÷Vø<ðqô

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0 0.005 0.01 0.015 0.02 0.025
0

0.01

0.02

0.03

0.04

0.05

0.06
0 2 4 6 8 10 12 14 16

Im
pr

ov
em

en
t i

n 
A

ve
ra

ge
 E

rr
or

 (
m

)
5

Im
pr

ov
em

en
t i

n 
A

ve
ra

ge
 E

rr
or

 (
fr

ac
tio

n 
of

 R
)

6

Beacon Deployment Density(per sq. m)

Max

Beacons per nominal radio coverage area

Ideal
Noise=0.1
Noise=0.3
Noise=0.5
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Beacon Deployment Density(per sq. m)
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Beacons per nominal radio coverage area
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