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77UDQVUDQVPPLLVVVVLLRQRQ&&KDUDFKDUDFWWHHUULVLVWLWLF DQGF DQG33UURRSDJDWLRQ(YSDJDWLRQ(YDDOOXXDDWLRQWLRQRRII::LLUHUHOOHHVVV/$1V/$1 LQLQ33UHUHPPLVLVHHVV

$\DNR1,6+,=$:$� <X\D 7$768=$:$� DQG 7DNHVKL +$7725,

'HSDUWPHQW RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHULQJ� 6RSKLD8QLYHUVLW\

���� .LRL�&KR� &KL\RGD�.X� 7RN\R� ��������� -DSDQ

(�PDLO D\DNRDQ#DRO�FRP

$EV$EVWWUDFUDFWW

7KH WUDQVPLVVLRQ SHUIRUPDQFHV RI ���*+]ZLUHOHVV /$1 V\VWHP KDYH EHHQ PHDVXUHG WR

HVWDEOLVK WKH UDGLR OLQN GHVLJQ LQ WKH 6RSKLD 8QLYHUVLW\� 7KH SDFNHW ORVV UDWH� WKH VLJQDO OHYHO�

DQG WKH QRLVH OHYHO ZHUH PHDVXUHG� )RU W\SLFDO RXWGRRU DUHDV� FRXUW\DUG DQG SLORWL ZHUH XVHG�

%DVHG RQ WKHPHDVXUHPHQW UHVXOWV� WKH SURSDJDWLRQ SDUDPHWHUV IRU OLQN GHVLJQZHUH HVWLPDWHG�

%\ FRPSDULQJ WKH HVWLPDWHG YDOXHV DQG WKH PHDVXUHG YDOXHV� DSSOLFDELOLW\ RI WKH ZLUHOHVV /$1

V\VWHP LV FODULILHG�

�� ,Q,QWWURGURGXXFWLFWLRRQQ

5HFHQWO\� WKH GHPDQG RI ZLUHOHVV /$1 KDV LQFUHDVHG DW WKH XQLYHUVLW\� 7KH FRYHUDJH RI

ZLUHOHVV /$1 EDVH VWDWLRQ LV QRW ODUJH� UDWKHU FRQVLVWV RI D SLFR�FHOO� ZKLFK LWV VKDSHV DUH QRW

XQLIRUP UDWKHU FRPSOH[ GXH WR GLIIUDFWLRQ RU UHIOHFWLRQ RI REVWDFOHV� 7KH FRYHUDJH DUHD

HVWLPDWLRQ LV RQH RI WKHPRVW LPSRUWDQW WDVNV WR RSWLPDOO\ GHSOR\ ZLUHOHVV /$1 V\VWHPV�

7KH REMHFWLYH RI WKLV SDSHU LV WR HVWDEOLVK WKH OLQN GHVLJQ PHWKRG� ZKLFK LV D PHWKRG RI

ZKHUH DQG KRZPDQ\ WR SODFH DZLUHOHVV EDVH VWDWLRQ� LQ WKH XQLYHUVLW\ SUHPLVHV� )LUVW� WR FODULI\

SURSDJDWLRQ FKDUDFWHULVWLFV� WKH SDFNHW ORVV IDFWRU� WKH VLJQDO OHYHO� DQG WKH QRLVH OHYHO DUH

PHDVXUHG� ���*+] GLUHFW VSUHDG VSHFWUXP V\VWHP ZDV DSSOLHG DV D ZLUHOHVV /$1 V\VWHP� )RU

RXWGRRU PHDVXUHPHQWV� FRXUW\DUG DQG SLORWL ZHUH XVHG� 7KH GLVWDQFH DWWHQXDWLRQ FRQVWDQWV HWF�

ZHUH HVWLPDWHG IURP WKH PHDVXUHG YDOXHV FODVVLILHG E\ WKH HQYLURQPHQWV� DQG HVWLPDWHG WKH

GLVWDQFH FKDUDFWHULVWLF RI WKH VLJQDO WR QRLVH UDWLR�

�� 00DDLQ3DUDPHWHU RILQ3DUDPHWHU RI::LLUHUHOOHVV/HVV/$$16\VWHPDQG0H16\VWHPDQG0HDDVVXXUHUHPPHHQW(TXQW(TXLLSPHQSPHQWW

7KH '6 �'LUHFW 6SUHDGLQJ� PHWKRG DQG WKH )+ �)UHTXHQF\ +RSSLQJ� PHWKRG DUH

VWDQGDUGL]HG DV ZLUHOHVV /$1 V\VWHP RI �*+]� :DYH /$1 DQG WKH DQWHQQDPDGH E\ WKH 1&5

&RPSDQ\ EDVHG RQ '6PHWKRG DUH XVHG LQ WKH PHDVXUHPHQW� 9DULRXV ZLUHOHVV /$1 HTXLSPHQW

EDVHG RQ '6 PHWKRG DUH XVHG WRGD\� EXW WKH EDVLF SHUIRUPDQFHV DUH DOPRVW WKH VDPH� 0DLQ

SDUDPHWHUV RI WKH ZLUHOHVV V\VWHP XVHG LQ WKH PHDVXUHPHQW DUH VKRZQ LQ 7DEOH £� 0DLQ

FKDUDFWHULVWLFV RI RXWGRRU DQWHQQD XVHG LQ WKHPHDVXUHPHQW DUH VKRZQ LQ 7DEOH ¤�

9977DDEOHEOH ££��:LUHOHVV V\VWHP SDUDPHWHU
Frequency 2.4GH: (2471-2497MHz) Official output 10mW/Mh or less
Modulation method DSSS method Receiver sensitivity -90dBm

MAC CSMA/CA with ACK Delay speed
èFERúLess than 1%é

400ns

Transmission speed 2Mbps Bit error rate More excellent than
�

��
−

Spreading 11-chip Barker Sequence

高田 潤一
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9977DDEOHEOH ¤¤��0DLQ FKDUDFWHULVWLFV RI WKH DQWHQQD �*XVHGZLWK LQQHU FDUG DQWHQQD�

Antenna gain Size
Outdoor antenna 7$Bi 460
8
8mm

�� 77UDUDQQVPLWWVPLWWHHG ,QIG ,QIRRUPDWLRUPDWLRQQ

)LJ�� VKRZV WKH FRPSRVLWLRQ RI WKH WUDQVPLWWHG IUDPH� 7KH IUDPH VL]H LV FKDQJHDEOH IURP

� WR ���� E\WHV� 7KH IUDPH VL]H GXULQJ WKH PHDVXUHPHQW ZDV ���� E\WHV� � IUDPH OHQJWK LV � PV��

7KH IUDPHZDV FRQWLQXRXVO\ WUDQVPLWWHG ZKLOHPHDVXULQJ WKH UHFHSWLRQ UDWH� WKH VLJQDO OHYHO� DQG

WKH QRLVH OHYHO� %RWK GRZQOLQN �IURP WKH DFFHVV SRLQW WR WKH PRELOH VWDWLRQ� DQG XSOLQN �IURP WKH

PRELOH VWDWLRQ WR WKH DFFHVV SRLQW� ZHUHPHDVXUHG�

99)LJ�)LJ���6WDQGDUG ,((( ������ IUDPH IRUPDW 99))LJLJ����(TXLSPHQW IRUPHDVXUHPHQW

�� 00HDVXUHPHQW DHDVXUHPHQW DQQG0HWKG0HWKRRGG

)LJ�� VKRZV WKH PHDVXUHPHQW HTXLSPHQW� �� 0ESV (WKHUQHW FRQQHFWHG WKH VHUYHU DQG

WKH DFFHVV SRLQW� )RU RXWGRRU DFFHVV SRLQW� WZR NLQGV RI DQWHQQDV ZHUH XVHG� 2QH ZDV FDUG

DQWHQQD �3& FDUG�� DQG WKH RWKHU ZDV RXWGRRU DQWHQQD�

)LJ�� VKRZV WKH URXJK VNHWFK RI WKH FRXUW\DUG DQG WKH SLORWL� 7KHUH DUH EXLOGLQJV DW WKUHH

VLGHV RI WKH FRXUW\DUG DQG D SLORWL DW DQRWKHU� 7UHHV RI YDULRXV KHLJKWV DUH SODQWHG DQG WKHUH DUH

EHQFKHV DW WKH SDVVDJH� 7KH RXWGRRU DQWHQQD RI WKH DFFHVV SRLQW ZDV SODFHG DW WKH SRVLWLRQ

DVVXPHG WR EH WKH FHQWHU RI WKH FRXUW\DUG� 7KH VLJQDO WR QRLVH UDWLR RI WKH PRELOH VWDWLRQ ZLWK 3&

FDUG ZDV PHDVXUHG VLWWLQJ DW DOO EHQFKHV ��� SODFHV� LQFOXGLQJ SLORWL DQG VWDQGLQJ DW WKH VDPH

SODFHV� ,W ZDVPHDVXUHG IRU WZR FDVHV� ZKLFK WKH RXWGRRU DQWHQQDZDV DW D KHLJKW RI ���P DQG �P�

7KH VLJQDO OHYHO� WKH QRLVH OHYHO� WKH SDFNHW ORVV IDFWRU ZHUH PHDVXUHG DW �� SODFHV �����

RI )LJ���� 0HDVXULQJ WLPH LV ��� VHFRQGV�

�� 00HDVXUHPHQW 5HVHDVXUHPHQW 5HVXXOWV DQGOWV DQG&RQ&RQVVLGLGHHUDWLRUDWLRQQ

)LJ�� VKRZV DOVR /615 ZKHQ WKH DQWHQQD ZDV DW D KHLJKW RI ���P� 9DOXHV LQ

SDUHQWKHVHV DUH WKH /615ZKHQ WKH DQWHQQD ZDV DW D KHLJKW RI �P� 7KHUH ZHUH RQO\ IHZ SODFHV�

ZKLFK KDG OLQH RI VLJKW EHFDXVH RI WKH WUHHV DQG WKH OHDYHV� ,Q FRXUW\DUG� 615 ZHUH DOPRVW WKH

VDPH ZKHQ DQWHQQD KHLJKW ZDV ���P DQG �P� $W WKH SLORWL� WKHUH ZHUH ELJ GLIIHUHQFHV� 615

ZKHQ WKH DQWHQQD ZDV DW D KHLJKW ���P ZHUH ODUJHU WKDQ WKDW RI �P� 7KLV LV EHFDXVH WKH URRI

RYHU WKH SLORWL KLGHV WKH DQWHQQD ZKHQ LW LV DW D KLJKHU SRVLWLRQ� 615 RI SODFHV WKDW ZHUH RXW RI

VLJKW ZHUH ORZ DQG ZHUH DERXW ��G%� 615PHDVXUHG VLWWLQJ DQG VWDQGLQJ ZHUH DOPRVW WKH VDPH�

7KHUH ZHUH SODFHV ZKHQ 615 ZHUH KLJKHU VWDQGLQJ� DQG KLJKHU VLWWLQJ� 615 ZDV QRW

QHFHVVDULO\ KLJK ZKHQ LW LV QHDU WKH DQWHQQD EHFDXVH RI WKH WUHHV DQG WKH OHDYHV� 615 GURSSHG

QHDUO\ �� G% ZKHQ PRELOH VWDWLRQ
V DQWHQQD �3& FDUG� IDFHG WKH RSSRVLWH ZD\ IRUP WKH DFFHVV

SRLQW·V DQWHQQD �RXWGRRU DQWHQQD� FRPSDUHG WR WKDW� ZKLFK IDFHG WKH DFFHVV SRLQW� 615 IHOO

ZKHQ SHRSOH VWRRG LQ WKH OLQH RI VLJKW DQG URVH ZKHQ VWRRG DW WKH SODFH� ZKLFK UHIOHFWV DQG KHOSV

Frame

control

Duration

conn. ID
Address Address Address Address CRC

Sequence

control

Frame

body

Octets:

  2      2       6      6      6       2      6    0–2312   4

Mobile station

PC Card

Server station

Access point

PC Card

Indoor/Outdoor
antenna

Ethernet
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WKH VLJQDO UHDFK WKHPRELOH VWDWLRQ�

9)LJ�)LJ���/D\RXW RI FRXUW\DUG DQG SLORWL

7KH PHDVXUHPHQW UHVXOW RI WKH SDFNHW ORVV� WKH VLJQDO OHYHO RI DFFHVV SRLQW DQG PRELOH

VWDWLRQ� DQG WKH QRLVH OHYHO DW �� SODFHV DUH GHVFULEHG QH[W� ,Q FRXUW\DUG� DOO SDFNHWV UHDFKHG

UHJDUGOHVV RI WKH DQWHQQD KHLJKW� EXW LQ SLORWL� WKHUH ZHUH ���� SDFNHW ORVV ZKHQ LW ZDV DW �P�

7KLV LV EHFDXVH RI WKH URRI� ��� SDFNHW ZHUH WUDQVPLWWHG HYHU\ ��� VHFRQGV� 7KH QRLVHV ZHUH

DOPRVW FRQVWDQW� 8SOLQN DQG GRZQOLQN ZHUH QRW EDODQFHG� ,I WKH DQWHQQD LV SODFHG DW D KHLJKW

RI ���P� LW LV DEOH WR FRYHU QRW RQO\ FRXUW\DUG DQG SLORWL� EXW DOVR D SDUW RI PDLQ VWUHHW QH[W WR WKH

SLORWL DV D VHUYLFH DUHD�

�� 3U3URRSDJDWLRQ(VSDJDWLRQ(VWWLPDWLRLPDWLRQQ

G$( ORJ��α−= ����

��� LV WKH SURSDJDWLRQ HTXDWLRQ� ( � (OHFWULF ILHOG �G%�� G � 'LVWDQFH �P�� $� &RQVWDQW

YDOXH GHSHQGLQJ RQ IUHTXHQF\� DQG WKH DQWHQQD KHLJKW RI DFFHVV SRLQW DQG PRELOH VWDWLRQ�

é�&RQVWDQW YDOXH GHSHQGLQJ RQ REVWDFOHV ZKLFK H[LVWV RQ WKH OLQH RI VLJKW� DQG WKH DQWHQQD

KHLJKW RI WKH DFFHVV SRLQW�

7KH SURSDJDWLRQ ZDV HVWLPDWHG XVLQJ HTXDWLRQ ���� ( LV DVVXPHG WR EH VLJQDO WR QRLVH

UDWLR �/615� RI WKH DFFHVV SRLQW EHFDXVH WKH QRLVH LV DOPRVW FRQVWDQW� 7KH SKDVH GLIIHUHQFH E\

WKH UHIOHFWLRQ LV QRW FRQVLGHUHG� 7KH PHDVXUHG YDOXH ZDV FODVVLILHG LQWR � JURXSV� ´TXDVL�OLQH RI

VLJKWµ� ´RXW RI VLJKW E\ WUHHVµ� DQG ´RXW RI VLJKW E\ ZDOOVµ� $ DQG é ZHUH HVWLPDWHG E\ OHDVW

VTXDUHVPHWKRG RI DOO PHDVXUHG YDOXHV DQG HTXDWLRQ ����

7DEOH¥ LV D YDOXH RI$DQG é XVHG WR HVWLPDWH SURSDJDWLRQ� é LV VPDOOHU WKDQ WKDW RI

HPSW\ VSDFH EHFDXVH WKH UHFHSWLRQ OHYHO ULVHV E\ UHIOHFWLRQ RI WKH EXLOGLQJV VXUURXQGLQJ WKH

FRXUW\DUG� $OVR LW LV VPDOOHU WKDQ WKDW RI WKH ODERUDWRU\� �*7KH é RI WKH ODERUDWRU\ ZDV �����

����� WKRXJK LW ZDV QRW GHVFULEHG LQ WKLV SDSHU�� 7KLV LV EHFDXVH WKH SHUFHQWDJH RI WKH VLJQDO

SHQHWUDWLQJ WKH ZLQGRZ LV ORZHU LQ FRXUW\DUG WKDQ LQ ODERUDWRULHV�

977DEOHDEOH ¥¥��(VWLPDWHG$DQG éLQ FRXUW\DUG DQG SLORWL

Antenna height 2.5m 5.0m

A 34.79 37.17
Quasi-line of sight 0.734 1.310

Out of sight by trees 1.614 2.255M

Out of sight by walls 2.162 2.164
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99)LJ�� �/HIW)LJ�� �/HIW�� (VWLPDWHG /615 DQG PHDVXUHG YDOXHV LQ FRXUW\DUG DQG SLORWL� �$QWHQQD KHLJKW

���P�

99)LJ�� �5LJKW)LJ�� �5LJKW�� (VWLPDWHG /615 DQG PHDVXUHG YDOXHV LQ FRXUW\DUG DQG SLORWL� �$QWHQQD KHLJKW

�P�

)LJ�� VKRZV WKH HVWLPDWHG /615 DQG WKH PHDVXUHG YDOXHV ZKHQ WKH DQWHQQD KHLJKW LV

���P� )RU TXDVL�OLQH RI VLJKW PHDVXUHPHQW� YDOXHV DUH H[FOXGHG ZKLFK ZHUH WDNHQ ZKHQ WKH

PRELOH VWDWLRQ
V DQWHQQD ZDV IDFLQJ WKH RSSRVLWH ZD\ IURP WKH DFFHVV SRLQW� 7KLV LV EHFDXVH

UHFHSWLRQ OHYHO IDOOV ��G% LQ WKLV FDVH� VR WKH HVWLPDWHG /615 IRU WKLV FDVH ZLOO EH ��G% ORZHU

WKDQ WKDW RI )LJ��� $WWHQXDWLRQ E\ WKH GLVWDQFH LV ORZ ZKHQ WKHUH LV TXDVL�OLQH RI VLJKW� EXW ULVHV

ZKHQ LW LV RXW RI VLJKW� 7KH YDOXHV GLIIHUV PRVW LQ TXDVL�OLQH RI VLJKW PHDVXUHPHQW� 7KLV LV

EHFDXVH WKH PHDVXUHG YDOXHV ZHUHQ·W FODVVLILHG LQWR VPDOOHU JURXSV VXFK DV ´TXDVL�OLQH RI VLJKW E\

EUDQFKHVµ DQG ´TXDVL�OLQH RI VLJKW E\ OHDYHVµ GXH WR WKH VPDOO DPRXQW RI PHDVXUHPHQW YDOXHV�

)LJ�� VKRZV WKH HVWLPDWHG /615 DQG WKH PHDVXUHG YDOXHV ZKHQ WKH DQWHQQD KHLJKW LV

�P� :K\ PHDVXUHG YDOXHV RI TXDVL�OLQH RI VLJKW GLIIHU LV DV GHVFULEHG EHIRUH� 7KHUH DUHQ·W DQ\

ELJ GLIIHUHQFHV EHWZHHQ WZR NLQGV RI RXW RI VLJKWPHDVXUHPHQW YDOXHV�

�� 6XPPDU6XPPDU\\

,Q WKLV SDSHU� WKH SURSDJDWLRQ FKDUDFWHULVWLFV LQ SUHPLVHV ZHUH GHVFULEHG� 7KRXJK

WKHUH ZHUH VPDOO FKDUDFWHULVWLF GLIIHUHQFHV RI SURSDJDWLRQ E\ WKH GLUHFWLRQ RI DQWHQQD RI WKH

PRELOH VWDWLRQ� DQG WKH HQYLURQPHQW� LW LV DEOH WR FRYHU WKH HQWLUH FRXUW\DUG DQG SLORWL IRU

RXWGRRU DV D VHUYLFH DUHD LI WKH DFFHVV SRLQW·V DQWHQQD ZDV VHW XS XQGHU WKH VDPH VLWXDWLRQ DV WKH

PHDVXUHPHQW� )RU FRXUW\DUG� WKH VLJQDO OHYHO URVH E\ WKH UHIOHFWLRQ� 7KH HVWLPDWLRQ ZDV

DFFXUDWH HQRXJK� EXW FDQ LPSURYH PRUH LI WKH UHIOHFWLRQ LV FRQVLGHUHG� DQG ZLOO EH DEOH WR DSSO\ WR

WKHPDLQ VWUHHW DQG FODVVURRPV�

7R HVWDEOLVK WKH OLQN GHVLJQ DQG WKH DUHD HVWLPDWLRQ PHWKRG� GHILQLQJ WKH PRYHPHQW

FKDUDFWHULVWLF DQG SHUFHQWDJH RI WKH PRELOH VWDWLRQ WR EH DW WKH SODFH LV DOVR LPSRUWDQW� 7R

HVWDEOLVK WKHVHPHWKRGV LV WKH WDUJHW RI QRZ RQ�

55HHIHUIHUHHQFQFHHVV

>�@ 7DFKLNDZD� 6DLWR� �,GR 7VXVKLQ+DQGERRN�� 2KP&R�

>�@ $OH[ +LOOV DQG 'DYLG %� -RKQVRQ ´$ :LUHOHVV 'DWD 1HWZRUN ,QIUDVWUXFWXUH DW &DUQHJLH

0HOORQ 8QLYHUVLW\µ ,(((3HUV�&RPPXQ�� YRO��� )HE� ����� SS�����

>�@ %ULDQ 3�&URZ�,QGUD :LGMDMD�-HRQJ *HXQ .LP DQG 3UHVFRWW 7�6DNDL ´,(((������ :LUHOHVV

/RFDO$UHD1HWZRUNVµ ,(((&RPPXQLFDWLRQV 0DJD]LQH� 6HS������ SS�������

>�@ :DYH/$1�,(((8VHU *XLGH �1LKRQ1&5� >�@ :DYH3RLQW�� 8VHU *XLGH �1LKRQ 1&5�
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