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R}v C=@U=Lt Q=Ri=sQv MU=B "Q=OWy sOa =} 'CU= Q=OWy =} MU=B u}= xm Ov=OQo|tQ@
lUri T} wQU "OwW|t p=UQ= x=Qty uirD Q=Ri=sQv x@ lUri T} wQU R= xO=iDU= =@
?wJQ=J O=H}= =@ w OwW|t ?Yv uwD}=B |wQ Q@ xm CU= xv=N@=Dm xawtHt l}
'Q@ Q=m R= C=aq]= Ci=} QO Ovv=t '=yT} wQU Q}=U =@ |DvQDv}= \=@DQ= |xi}_w ?w

"OyO|t s=Hv= =Q """ w C=aq]= xQ}NP 'u}t=Qi |=QH=

u; G}=Dv p}rLD w |O=yvW}B |xv=t=U V}=tR; "5
R= xO=iDU= =@ sk QyW QO `k=w |QyW |xk]vt QO VywSB u}= |O=yvW}B |xv=t=U
OQwt u=mt R= |WN@ "CiQo Q=Qk V}=tR; OQwt Q]N |x]kv 2 w `HQt |x]kv 9
7 pmW QO u; R= |WN@ Q} wYD xm Ow@ R=@ wQ Qo}O |WN@ w xO}WwB QU V}=tR;
u; OQ=w Qo = �QoQ=m � Q@ Q=m xm Q]N \=kv pwL |xrY=i u}}aD OQwt QO "CU= xOt;
CiQo Q=Qk |UQQ@ OQwt |irDNt `H=Qt w =yOQ=Ov=DU= 'OwW|t QO=Y Q=OWy OwW

wj w CU= |vRw u}ov=}t |=]N Vy=m |=Q@ |i} QaD Q}eDt l} c(j) u; QO xm
|=yx]@=Q j@] "CU= |o}=Uty u} QDm}ORv � =m VwQ |=Q@ xO=iDU= OQwt |=yuRw

%Ot; Oy=wN CUO x@ 5 =D 3 \@=wQ R= Q@ Q=m u=mt 'jwi
Xwknn =

X
wjxj (3)

Ywknn =
X

wjyj (4)

Zwknn =
X

wjzj (5)

xOt; CUO x@ C=YDNt |xOvyO u=Wv Zwknn w Ywknn 'Xwknn =yv; QO xm
`HQt \=kv C=YDNt hQat zj w yj 'xj w |o}=Uty u} QDm}ORv � =m VwQ R=
l} |wQ VwQ u}= 'OwW|t xOy=Wt xm u=vJ "OvDUy Ov}=Qi u}= QO xOW xO=iDU=
Q@ Q=m u=mt w `HQt \=kv u=}t �uDv; =} |UQDUO |x]kv l} R=� lQDWt |xm@W
=yu; x@ pwyHt u=mt QO Q@ Q=m xm xm@W xU R= VywSB u}= QO =t= "Ovm|t pta

"CU= xOW xO=iDU= OQ=O |UQDUO
QO �CWov= QF= VwQ R= xO=iDU= sD} Qwor=� sD} Qwor= u}= |R=UxO=}B |xwLv
3 �u=QoQ=m Q=Ri=sQv� Q@ Q=m hQ] R= =OD@= xm CU= xvwo u}O@ QwQU C=@U=Lt |xt=vQ@
|wQ Q@ 'TBU &OwW|t Ci=} QO p=vo}U CQOk u} QDq=@ =@ TQDUO p@=k |xm@W
|xm@W xm |aHQt \=kv =D OwW|t xDiQo �13|Q�wm � wHwTQB l} xO=O x=o}=B
\=kv d(j) `@=D 'u; R= Oa@ "OwW XNWt OvQ=O Q@ Q=m |r=UQ= |=yxm@W =@ lQDWt
|R=U?DQt `@=D x@ CU}r l} CQwY x@ w Ovm|t x@U=Lt 1 |x]@=Q j@=]t =Q
xOW x�=Q= |x@U=Lt `@=D \UwD xOW x@U=Lt d(j) CU}r |R=U?DQt `@=D "OyO|t
l} w Ovm|t ?DQt d(j) u} QDtm |rwRv CQwY x@ ?}DQD x@ w xDiQo =Q 1 |x]@=Q QO
u} QDtm =@ `HQt |x]kv 4 pt=W xm 'Ov=OQo|tQ@ =Q xOW ?DQt \=kv R= O}OH CU}r
xm OwW|t xO=O |a@=D x@ CU}r u}= 'TBU "CU=yxm@W u}= R= l} Qy |=Q@ d(j)

pta u}= "Ov=OQo|tQ@ w Ovm|t x@U=Lt 5 =D 2 \@=wQ T=U=Q@ =Q Q@ Q=m u=mt u}tND
x@U=Lt |=yu=mt R= TBU w OQ}o|t CQwY QwmPt |xm@W 3 R= l} Qy |=R= x@
xDiQo |vRw u}ov=}t 6 |x]@=Q QO xOW xO=O uRw R= xO=iDU= =@ `@=D u}= \UwD xOW

"OwW xOR u}tND Q@ Q=m u=mt =D OwW|t

Pi = 1� RSS(i)P
RSS(i)

(6)

p@=k |xm@W R= Q@ Q=m |Di=} QO p=vo}U CQOk Qov=}=tv Rss(i) Q}eDt '6 |x]@=Q QO
VQ=Ro |ivt Q}O=kt CQwY x@ =yxm@W p=vo}U CQOk xm =Hv; R= w CU= i TQDUO
K}LY |twyit xOW x@U=Lt uRw =D OwW|t j} QiD 1 OOa R= QUm u}= OvwW|t
VwQ |Q}oQ=m x@ |xv}tR QO Q[=L VywSB QO Q=@ u}rw= |=Q@ x]@=Q u}= "OW=@ xDW=O

"CU= xOW xO=iDU= w h} QaD CWov= QF=
VN@ QO Oa@ |xrLQt QO CWov= QF= VwQ R= xOt; CUO x@ |}=yv u=mt
x@ xv=t=U Q]N X}NWD VN@ "OQ}o|t Q=Qk xO=iDU= OQwt xv=t=U Q]N X}NWD
QO OwHwt Q]N \=kv 'Q@ Q=m Qw[L `=iDQ= x@ xHwD =@ =OD@= xm Ovm|t pta xvwo u}=
l} '|@=}u=mt |xv=t=U QO umtt |=]N x@ xHwD =@� Ovm|t ?=NDv= =Q `=iDQ= u;
R= xO=iDU= =@ 'TBU "�OwW|t xDiQo Q_v QO R}v Q@ Q=m `=iDQ= R= QDu}}=B w QDq=@ QDt
u=mt |xrY=i x=oQy '�O}v}@@ =Q 7 x]@=Q� |UO}rk= |xUOvy |xrY=i |x@U=Lt
1 R= QDtm 'xOW ?=NDv= Q@ Q=m `=iDQ= x@ xHwD =@ xm |Q]N \=kv R= l} Qy =@ Q@ Q=m

"ODUQi|t Q=OWy Q@ Q=m x=Qty uirD x@ w OyO|t Q=OWy xv=t=U 'OW=@ QDt
d =

p
(X � x)2 + (Y � y)2 (7)
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yt "xv=t=U V}=tR; R= xOt; CUO x@ G}=Dv "2 pwOH
Q]N \=kv �QDt� V}=tR; |=]N2 1

1=3 0=7 pw=
1=7 0=8 swO
0=9 1=5 swU
0=8 1=6 sQ=yJ
1=4 1 sHvB

1=22 1=12 u}ov=}t

"|OQwt xar=]t R= xOt; CUO x@ G}=Dv "3 pwOH

xk@] Q]N x]kv Q=OWy O=OaD
xOW QO=Y x=@DW= K}LY QwOY sOa

hmty D1 32 4 28 6
hmty D2 14 3 11 2
�1 D3 13 2 11 1
�1 D4 27 4 23 4
�1 D5 17 3 14 1
`tH � 103 16 87 14
OYQO � � �15 �84 �13

|xm@W 7 R= V}@ xm CU= xDiQo CQwY |v=mt QO V}=tR; u}= "OW=@ |v=Qta
xOw@ R=@ wQ w xO}WwB QU j]=vt pt=W w CU= xOw@ TQDUO OQwt |=i|=w hrDNt

"CU=
QO x=Qty uirD |xm@W Q=DN=U x@ xHwD =@ xm OW xOy=Wt V}=tR; u}= |]
uDv; l} R= V}@ \=kv QFm = QO 'VywSB u}= |x}rw= C=}[Qi R= |m} hqNQ@ 'QwWm
T=U= u}= Q@ xv=t=U |@=}u=mt CkO ẁ[wt u}= w CU}v TQDUO QO x=Qty uirD
xv=t=U R= x=Qty uirD |xm@W R= xO=iDU= xm OwW|t O=yvW}B =Pr "OyO|t Vy=m =Q
"CiQo CQwY Q=m u}= VywSB u}= |OQwt |xar=]t s=Hv= QO w OwW xDW=Po Q=vm

|OQwt |xar=]t "6
|ak=w \}Lt l} QO u; V}=tR; |] VywSB u}= QO xOt; CUO x@ G}=Dv O}}=D |=Q@
u=wvax@ u=QyD x}v=tQi xk]vt QO `k=w x}v=tQi |v=tDN=U xSwQB R= '|v=tDN=U |=yx=oQ=m
x}rw= V}=tR; =@ |D=ar=]t |xvwtv V}=tR; |=yCw=iD "OW xO=iDU= |D=ar=]t |xvwtv
xHwD =@ x=Qty uirD |xm@W R= xO=iDU= uDW=Po Q=vm %R= CU= CQ=@a xDiQo CQwY
QO V}=tR; s=Hv= 'xm@W 3 |=H x@ |=i|=w |xm@W 5 R= xO=iDU= 'u; sm CkO x@
"RwQ 3 QO V}=tR; s=Hv= w u=tDN=U pw= |xk@] w pw= u}tRQ} R 'hmty |xk@] 3
xOy=Wt p@=k 3 pwOH QO |D=ar=]t |xvwtv QO V}=tR; R= xOt; CUO x@ G}=Dv
w x=oQ=m QO OwHwt Owo ?vH QO `k=w D1 w D2 'D5 \=kv 3 pwOH QO "CU=
3 QO pwOH j@=]t xm OvDUy C=U}U-=D |wWR=@ ?vH QO `k=w D3 w D4 \=kv

"Ov=xOW `} RwD u=tDN=U |xk@]

"V}=tR; pLt Q}wYD "7 pmW

|rY=wi w xv=t=U OQmrta |=]N x@ xHwD =@ |rw 'OWv pY=L |Y=N \@=w[ xm
Q]N \=kv =D ut}= |xrY=i VywSB u}= QO 'OvDiQo Q_v QO u}W}B |=yVywSB xm
V}=tR; u}= "CU= Q}}eD p@=k |DL=Q x@ xrY=i u}= xm CU= xOW P=ND= QDt 1 Q@=Q@
VN@ u}= QO u; G}=Dv xm xDiQo CQwY |@=Di; |=wy \}=QW QO 1399 05 07 QO

"OwW|t K} QWD
\=kv TBU w OW |Ov@pwOH w |WmQDt V}=tR; pLt =OD@= C=}rta R=e; QO
15� 15 O=a@= =@ |rLt |a@ Qt V}=tR; pLt "OW u}}aD |QDt 5 pY=wi =@ `HQt
C=L}[wD j@=]t `HQt \=kv 'x=oQ=m u=Q}Ot Q=Ri=sQv R= xO=iDU= =@ 'TBU "CU= QDt
"OwW O=H}= QwQU QO `HQt \=kv xO=O x=o}=B =D OW C@F 2�4 VN@ QO xOW xO=O
=D OvOW |}=tv=H �OvDUy OOa 2 V}=tR; u}= QO xm � xOW u}}aD Q]N \=kv 'TBU
x]w@ Qt |xO=O x=o}=B QO x=oQ=m u=Q}Ot Q=Ri=sQv R= xO=iDU= =@ R}v \=kv u}= C=aq]=

"OwW C@F
|=OD@= QO "OW ẁQW u=QoQ=m Q=Ri=sQv R= xO=iDU= =@ C=}rta swO R=i ?}DQD u}O@
pw= Q]N |x]kv x@ |t=Q; x@ QoW}=tR; w OW =QH= u=QoQ=m Q=Ri=sQv T} wQU swO R=i
=Q OwN pLt w O=DU}= OW p=UQ= w= x=Qty uirD x@ Q=OWy xm u=tR Qy w OQm CmQL
1 `=aW QO O}=@ Ovm Q=m OYQO 100 CkO =@ w =]N uwO@ xv=t=U Qo = "OR Ctqa

"OwW QO=Y Q=OWy Q]N |x]kv |QDt
|xm@W |wQ Q@ CWov= QF= VwQ w T=|B|H |xv=o =OH OQmrta uwtR; QO
w QDt 1 R= QDtm T=|B|H |xv=t=U \UwDt |=]N xm OW xOy=Wt R}v |=i|=w
1=2 OwOL QO |=i|=w |xm@W |wQ CWov= QF= VwQ |xv=t=U |OQmrta |=]N
OQ@|t xQy@ xv=t=U wO u}= R= |@}mQD CQwY x@ xv=t=U V}=tR; |xt=O= QO "CU= QDt

"CU= 2 pwOH KQW x@ u; V}=tR; G}=Dv xm
1=17 =@ Q@=Q@ xv=t=U |@}mQD OQmrta \UwDt |=]N OwW|t xOy=Wt xm u=vJ
OW xDN=OQB =yv; x@ swO VN@ QO xm =yVywSB Q}=U |=]N x@ xHwD =@ xm CU= QDt
OQwt Q=}U@ xOt; CUO x@ xH}Dv '�OQmrta CkO Ow@y@� VywSB u}= |x}rw= hOy w
u}W}B |=yVywSB QO "OQ=O X}NWD QO xv=t=U u}= C}kiwt R= u=Wv w CU= pw@k
C=R}yHD R= xO=iDU= uwO@ xm |DkO u} QDy@ Ov=xOQm xO=iDU= CWov= QF= VwQ R= xm
OvyO|t u=Wv =yV}=tR; xm u=vJ [16w13]"CU= QDt 1 'CU= xOt; CUO x@ X=N
w |a]k uwO@ w CU= xDiQo Q=Qk uwtR; OQwt R=@ wQ w xDU@ QU |=y\}Lt QO xv=t=U
R= QDtm R}v xv=t=U |} woNU=B u=tR "CU= xO=O u=Wv OwN R= |@ wN OQmrta pmWt
V}=tR; "CU= xv=t=U |x_Lr QO OQmrta |xOvyOu=Wv xm Ot; CUO x@ x}v=F 0=5
|Qw@a l}i=QD x=Qty x@ |QyW \}Lt QO xm =Hv; R= 'xv=t=U |wQ xDiQo CQwY
|=yx=oQ=m |=} wB \}=QW |=} wo |@ wN x@ Ov=wD|t 'CU= xDiQo CQwY x}rkv p}=Uw
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|xv

=t=U|}=yVywSB ,=YwYN xOW|UQQ@ |=yVywSB Q}=U =@ xU}=kt QO xv} Ry u}= "OwW|t
^=Lr u}= R= w CU= R}J=v 'Ovvm|t xO=iDU= OvtWwy |vO}WwB |D_=iL p}=Uw R= xm
xOW x�=Q= |xv=t=U uOw@ OvUB Q@ Q=m OQwt QO "CU= xOw@ jiwt Q[=L p=L VywSB
|xr}Uw x@ xm xv=t=U =@ Q=m |oO=U x@ xHwD =@ 'Ow@ VywSB u}= Qo}O h=Oy= R= xm R}v
Vv=O uwO@ xm =yQ=Ri=sQv |xO=U |Q@ Q=m \@=Q 'OQ}o|t CQwY OvtWwy x=Qty uirD
Q_v x@ 'X=N w xO}J}B |=yQ=Ri=CNU x@ R=}v sOa w OQm Q=m u; =@ u=wD|t |Y=N

"CU= xO}UQ R}v OwN hOy u}= x@ VywSB OUQ|t
\}Lt l} QO xOW x�=Q= |xv=t=U xm OwW|t O=yvW}B xOv}; |=yVywSB |=Q@
xQwOl}|] u;|ak=w OQmrta =D OwWV}=tR; |QDxOQDUo CQwY x@|ak=w|y=oQ=m
Q}F-=D 'OQ}o Q=Qk VywSB OQwt xOv}; QO Ov=wD|t xm |Qo}O OQwt &OwW xO=O u=Wv |v=tR
|Q=tat '=yuDv; OOaD =@ Ov=wD|t xm CU= x=Qty uirD |=yxm@W sHvB pUv |xaUwD
|}=yVwQ R= xO=iDU= =@ |@=}u=mt CkO 'QDW}@ |xm@W C}iQ_ w xm@W Cw=iDt
"OyO Vy=m =Q xv=t=U |} woNU=B u=tR w OyO V}=Ri= =Q CWov= QF= VwQ uwJ
R= OvQ=O =Q |=i|=w |xm@W R= xO=iDU= u=mt= xm |}=yu=mt QO xm OwW|t x}YwD
=Q sRq CkO =Q} R OwWv xO=iDU= |Q}oyQ |=Q@ x=Qty uirD |=yxm@W |rai |=ypUv
R= xO=iDU= 'OQm KQ]t |}=yxv=t=U u}vJ u}= |=Q@ u=wD|t xm |Oa@ |xaUwD "OvQ=Ov
Q}UiD w |vt}= |=yptar=QwDUO |x}yD |=Q@ xv=t=U \UwD xOW |Qw;`tH |=yxO=O
|awvYt Vwy uwJ |}=y|Qw=:vi R= u=wD|t x=Q u}= QO xm CU= pvUQB |vt}= Q=DiQ

"OQm xO=iDU= u}W=t |Q}oO=} w

|Q}oxH}Dv "7
|=yx=oQ=m |vt}= \}=QW Ow@y@ |=Q@ |}xv=t=U |iQat w |UQQ@ x@ VywSB u}= QO
OvtWwy x=Qty |=yuirD w <=}W= CvQDv}= |Qw=:vi R= u; QO xm OW xDN=OQB |v=tDN=U
|=yxm@W |wQ Q@ CWov= QF= VwQ R= xO=iDU= =@ xv=t=U u}= "CU= xOW |Q}oxQy@
j]=vt QO RQt uwO@ |Q}oyQ CU= xDUv=wD 'T=|B|H xv=t=U =@ u; ?}mQD w |=i|=w

"OQw; u=etQ= x@ =Q R=@ wQ w xO}WwB QU
w |=i|=w |xm@W |wQ CWov= QF= VwQ R= xO=iDU= =@ |@=}u=mt |=]N
xv=t=U |x}rw= hOy x@ xHwD =@ xm Ot; CUO x@ 1=17 =@ Q@=Q@ V}=tR; QO T=|B|H
|OQwt |xar=]t VN@ QO "OwW|t |krD |D@Ft OQmrta w CU= pw@k OQwt w |i=m
CU= �84 |v=tDN=U x=oQ=m l} \}Lt QO xv=t=U OQmrta CkO xm OW xOy=Wt
Q[=L VywSB |=Q@ xOW u}}aD h=Oy= R= |m} "O};|t Q=tW x@ |rw@k p@=k CkO xm
|=yxm@W R= xO=iDU= x@ xHwD =@ xmCU= xOw@ xv=t=U |=QH= |xOW s=tDCt}kVy=m
x@ |R=}v ,=twRr xv=t=U OwN '=yu; x@ p=YD= x@ R=}v sOa w pLt QO OwHwt |=i|=w
V}@ =D QiY R= Ov=wD|t ^=Lr u}= R= xv=t=U "OQ=Ov O}OH |UQDUO |x]kv |x}yD
QO xv} Ry |UQDUO \=kv |x}yD CQwY QO �1399 p=U QO� p=} Q uw}r}t 50 R=
x@ |R=}v xm =Hv; R= 'VywSB u}= QO xDiQo CQwY |}=yv V}=tR; QO "OW=@ xDW=O Q@
OQmQ=m |xv} Ry `k=w QO xv=t=U |=QH= |rY= |xv} Ry 'Ow@v |UQDUO \=kv |x}yD
OQw;Q@ �1399 p=U QO� x=t QO p=} Q uw}r}t 1 =OwOL xm CU= xOw@ |RmQt QwQU

=yCWwv=B
1. occupational safety and health administration (OSHA)

"CU= 2018 p=U u}ty x@ \w@ Qt u=tR=U u}= VQ=Ro u} QN; "2
|m}miD Q=t; xv=iU-=Dt 'OW xaH=Qt |vwv=k |mWRB u=tR=U x@ QDO}OH Q=t; Ci=} QO |=Q@ "3

"Ow@v TQDUO QO |QDO}OH
4. radio frequency identi�cation (RFI)
5. K-Nearest neighborhood
6. Ma Yan
7. least square method
8. Kalman �lter
9. federal Kalman �lter
10. access point
11. GPS accuracy (ACC)
12. real time
13. query
14. 
attening
15. Flask
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