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ABSTRACT: The aim of this study was to examine the concurrent validity of the Kinexon local positioning
system (LPS) in comparison with the Vicon motion capture system used as the reference. Five [recreationally
DFWLYH PHQ SHUIRUPHG WHQ UHSHWLWLRQV RI OLQHDU VSULQWY PHGLR ODWHUDO
ERWK LQ WKH FHQWUH DQG RQ WKH VLGH RI DQ LQGRRU HOG 9DOLGLW\ ZDV DVVH\
DQG SHDN GHFHOHUDWLRQ XVLQJ VWDQGDUGLVHG ELDVHV | 3BHDUVRQ FRHI FLHQW RI
HUURU RI WKH HVWLPDWH :LWK WKH H[FHSWLRQ RI SHDN GHFHOHUDWLRQV [GXULQ.
SHDN DFFHOHUDWLRQ DQG GHFHOHUDWLRQ GXULQJ OLQHDU VSULQWY RQ WKH VLGH
of the estimate (TEE) values were all small to moderate (0.06—0.48), standardised bias ranged between 0.01
DQG DQG 3HDUVRQ FRHI FLHQW YDOXHV ZHUH DOODb!b IRU DOO YDULDEOHV L
DQG GHFHOHUDWLRQ GXULQJ OLQHDU VSULQWY RQ WKH VLGH RI WKH HOG VKRZHG W
between the two systems. The ultra-wideband based (UWB) local positioning system had acceptable validity
compared with Vicon to assess players’ movements in handball with the exception of high accelerations and
GHFHOHUDWLRQV GXULQJ OLQHDU VSULQWY RQ WKH VLGH |RI WKH HOG
Key words:
CITATION: Fleureau A, Lacome M, Buchheit M et al. Validity of an ultra-wideband local positioning g%%ﬁ)? z LHGQHV\'/E DY%% Lo Lwi
WR DVVHVV VSHFL F PRYHPHQWYV B&-3DQGEDOO %LRO_ ﬁ;{l%\xl

9LFRQ
5HFHLYHG S5HYLHZHG 5H VXEPLWWHG $ F F Hrslgpnsport 3XEHOLVKHG

INTRODUCTION
,Q HOLWH WHDP VSRUWV GDLO\ PRQLWRYDRQ I GRIWD bRSIOMKHUBYHDKAFNF DI® ERUBGLRQ 8:%
QHHGHG WR RSWLPL]JH WKH SHULRGL]DW L RQRY BVRIDAIQQD DU IS TXYGIRAW X\QMX UDHPRIVQ R Q |
RUJDQL]H WKH SOD\HU3V UHWXUQ WR SOMPRWLIR@ FDSHUXW KHYS\DW WPW BRFRHF R G HAXD O L V)
WKH XVH Rl *OREDO 3RVLWLRQLQJ 6\VW HRb >* 36 @ DVK HURWAWHPSRRQW@®VVHVVHG GXUL
WLDOO\ WR PHDVXUH SOD\HUV3 H[WHUQD®LORDB QW IMEH A B VQIQ ®RKRPRWLRYHUH FKDQ
ODWHG YDULDEOHV HJ GLVWDQFH WUDUWHVO®@MWGY RISWHKE ®HUES DHG B A HIWD WOR BWAG\b>
ORFRPRWLRQ b> < @ +RZHYHU ZKLOH *3PpBQWWHROL RLMWWUIRKHYDERBWRL®J ORFRPRWRL
YDQWDJH RI EHLQJ SRUWDEOH DQG QRQ SDYIBELWR PR WH R Q HFPDI\Q XXIGIXV\IVBMOHP VY 'LIIHU
LQ LQGRRU FRQGLWLRQV WKH UDQJH RI < ZLWK DbW\SLFDO HUUR

JRU LQGRRU VSRUWV PDQ\ RWKHU WHEKQRGORILFD® YR O XWIRRQELYWHD QRZ PHDQ SH
DYDLODEOH WR PRQLWRU SOD\HU3V PR YHPHD IVFVF K @ HQ.D WRIR G [ DP\8 B BEHURAWOHW DO b>
SRVLWLRQLQJ V\VWHPV /36 0DQ\ Rl WKHPRHH PHDB LRHISUHNKH@WDMWGAHN® RI WKH SOD\H
WL FDWLRQ ZLUHOHVV ORFDO DUHD QHWZ®R WK R IF DX b MW RR WK HDSJBDXIQQ B UMX® DWKID Q |
O\ QRW VXLWDEOH IRU SUHFLVH SRVLWLR®Y CPQMDIVX® HERHIGIW ¥ GGPHY W R PRPSFNLRRQ WR
DFFXUDF\ LQVWDELOLW\ RU LQWHUIHUH@FRHD X HDOH\G B @G BMFAKQWH V SHHG WRIRICAK ZH U
EDVHG RQ XOWUD ZLGHEDQG WHFKQRORFRUW KRXYH BHDR GHYWERRSFHHQWUH - < +F
VSHFL FDOO\ WR WUDFN SOD\HUV3 SRV LWLREGHGGRRDW+R KH Y&®H BMKEN Y D OLVBH W \FRIX O G
WKH GLITHUHQW WRROV XVLQJ WKLV W HRKRR/GIRO D W\H ¥ W MOXTB [TEKH VILRRQIOHEWD 13 67 ¥ RV W H
JURXSV Rl UHVHDUFKHUV H[DPLQHG LQ LOGRRK FRIQGRIVQ\R @P\D\ VEKH SFRHI AXWHIEQMR U Y D U
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LWV VXSSRVHG EHWWHU DELOLW\ WR PHDVXKHUMAIRKHE HWEBW LSRXQ B R\GHGRH PM IOV DW X 8 Q X/
DQG WKH UHGXFHG VL]H RI WKH FKLSV ZRVYDOHE\GWWHKN BWW&H V8HY LIQQFRRQ DIRWIRQPLRQLQ
ZLWK WKH &OHDUGBN\ VIVWHP 7KH YDOL GKID/Q\GEID® &HV SIHFH[ RQP R36H®: QWY LQ FRPSDU
EDVHG VI\VWHP VWXGLHG E\ +RSSH HW DPDISW®& U A DMVVQHID KWHEK RYQWIR BHIHUHQFH
EHWWHU WKDQ WKDW RI WZR RWKHU *36 FMOQWHRV Y ¥ KVEKKGH HUMY SIHWR R B PLQHG
FRQVLGHUHG DV 2YDOLG3b> b < @ 7KH PDLQ UHVXOW RI WKLV VWXG\ ZDV

Db7(( IRU WKH GLVWDQFH FRYHUHG RI 087(5,5R6) $/ K Bi( 73 @ 'igauiisi—
YHUVXV < DQG < IRU WKH WZR Participants ammdvexperirrantal overview

WXQDWHO\ LQ WKLY ODWWHU VWXG\ ORFIRFARWR BUSHDWW R QQ? O\ DFFOXIGH) P P O H. /IXE M
YHORFLW\ DFFHOHUDWLRQ RU GHFHOHWHWIIRY ZHlYH R®O\ HOGPERG\GPRVNQJ bYb
RYHUDOO GLVWDQFH FRYHUHG DQG WLPLWR JDDVWHWL P XSDWKH WRRW K L W K/MXENG 7QKRIWS D U
WHVW WKH HIITHFW Rl WKH HOG ORFDWLBXUBRYWWY HSY\R FHIGH HR/Q DVWKE \S R IV 6 QGALIVD\O L

FIG.1. $ 3RVLWLRQ Rl WKH 9LFRQ FDPHUDI RQi%F RERYX WL W QRR) MRKHVSWARQWFEDBHUD RC
DQG VSHFL F PRYHP& QFKHPDWLF SRVLWLRQ Rl WKH .LQH[RQ DQWHQQDV DQG SRVL
RI .LQH[RQ DQWHQQDV ( 3RVLWLRQ RI WKH 9LFRQ UH HFWLYH PDUNHU RQ WKH .L
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FRQVHQW RI WKHLU DSSURYDO WR SDUWNVEQIDMKH SIOFR QV K R USKH R FK @NDHWAW VAHWH RQ W
FRQGXFWHG LQ DFFRUGDQFH ZLWK WKH 'HFOHD YDVWGEGRQ@H HHOVDQWNHUDO DQG VSHFL F F
RQH IRU WKH VSULQWYV )LJXUH % ,Q DOO W
Experimental protocol WDQHRXVO\ ERWK DbUHFHLYHU WDJ FRQQHFW
$b UVW VHVVLRQ ZDV FDUULHG RXW LQ \WKSDVYQWH K HR IHB @/ LLYQHG RB U NKHIQ\S R DEHOG HW H F
SOD\LQJ HOG GXULQJ ZKLFK WKH SDUW LWXIHQWVVBHRIRUPHG WKUHH W\SHV RI
PRYHPHQWY DV GHVFULEHG EHORZ 7ZR GD\V DIWHU DbVHFRQG VHVVLRQ
ZDV FDUULHG RXW ZLWK WKH VDPH SUR WireRrOUtrawide\bard ByGtemKH VLGH RI WKH

HOG 7KH VIVWHP XVHG LQ WKLV VWXG\ FRQVLVWHC
DURXQG WKH KDQGEDOO SOD\LQJ HOG L H
Locomotion activities 3DULV DW WKUHH GLIITHUHQW KHLJKWV DV VK
3BDUWLFLSDQWY SHUIRUPHG WKUHH GLIIHWDVQS\O DF WGE YLQVWHW & H QMOWVAHRS WKE WESHY E
LQ WKH IROORZLQJ RUGHU KDUQHVV 7KH GDWD ZHUH FROOHFWHG DW

<6 OD[LPDO DFFHOHUDWLRQ RYHU DbOL QWHIHFERFX.\DH [RIQ ®R bW Z\W K HD bAKHDWLG QDB OV ZHU!
LQJ VWDUW $IWHU bPbRI UXQQLQJ SQDWKXNILRD@WY WHBKWR ORHK H QHILLDWHHT X HQ F\ L
RYHU bPbDQG VWDQG VWLOO )LIJXUH BKH HOG SRVLWLRQ RI WKH WDJ ZDV FDOFXOD
</ /DWHUDO PRYHPHQWY LQ WKH IRUP EIDFHG LRQDhWRRBLID PWER QVRI GILEGIHUHQW PHW
PRYHPHQW RYHU bPb JLIXUH % Rl $UULYDO 7ZR :D\ 5DQJLQJ DQG $QJOH RI $L
<+ +DQGEDOO VSHFL F PRYHPHQW LQ-WKH IRUP RI HQJDJHPHQW GLVHQ
JDJHPHQW LQ DQ LQWHUYDO RI bP |IRVETaZMGEGD cCapiwe syStEMIHPHQW RXW
WKLY LQWHUYDO QLVKHG E\ DbRQH OH$DHGFBEIRKRBD)QUKRG PROVLRQ DQDO\VLV VA\VWHP
ORWLRQ 6\WWHPV 2[IRUG OHWULFV 8. ZDV LF
Materials FRQ JXUDWLRQV VKRZQ LQ )LIJXUH $ % 'DWD Z
7KH YDOLGLW\ RI WKH .LQH[RQ .LQH[RQ *1Q0ON BRRGILFKPPHURDHFWEDBM PDUNHU % / (QJL
H[DPLQHG ZKLOH FRPSDULQJ WKH UDZ GD®E$ FRDD KBROVDIFE @ LRADK WWIKHR VIH) RIERVM® MWQ@HIGD V VK F

FIG.2. 6\QFKURQL]J]HG SRVLWLRQ GDWD RI WKH WZR V\VWHPV .LQH[RQ DQG 9LFRQ ER\
W\SH RI PRYHPHQW
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7KH GDWD REWDLQHG IURP WKH WKUHHRIGIRWIOVILRQ O WD UBHDNSRVLWERBG DFFHC
ZHUH XVHG IRU IXUWKHU DQDO\VLYV 7KHFOR¥XCOWWHCHI BRE NHH WD BOWDWQG XWLC
QHYHU ORQJHU WKDQ bVXFFHVVLYH LPDWUHHWSHFMW LYHBDY FREG XOXMER PYWLKH PD[LPXP
FDOO\ H{WUDSRODWHG ZLWK WKH 9LFRQ D'QGR BMZAMHOHH X B WQ R @/ IRFY HPWD DMH UbBR ZLQGRZH!
VLWLRQ LPPHGLDWHO\ EHIRUH DQG DIWHU WKH ORVV
7KH DYHUDJH 9LFRQ FDOLEUDWLRQ HU SRtisticalRpalysi®QG :RUOG (UURU UH
VSHFWLYHO\ IRU WKH WZR WHVW VHVVLRCH +RSINH. QV VISQGE DG \bPHPHMRIS> @ ZDV XVHG
GDWD FROOHFWHG LQ WKH FHQWUH RI WEHWZGGE QDW&H W DR ®\VWHPVIRUOLQHDU UH.
WKRVH FROOHFWHG RQ WKH VLGH Rl WKHLBB[®RQ V\VWHP SUDFWLFDO ZLWK WKH 9LFF
WKH PHDQ DQG VWDQGDUGLVHG ELDV WKH 3
Data processing DQG WKH W\SLFDO HUURU RI WKH HVWLPDW
JLIJXUH bLOOXVWUDWHY IRU RQH WULD®EWR B XSRW IY\WB DRG WL BEEROQ R EWDQ QMG DURE D
ERWK VIVWHPV 7KH RULJLQDO GDWDVHWSURRPGHGQHIRQHWKHWRYHWKDPISOHBRQ GHQF
IURP  WR b+] IRU VXEVHTXHQW QH VIRFKWRQLPDWHED DGRISWHER® R LQWHUSUHW
GDWD 6LJQDOV IURP ERWK V\VWHPV ZHUW MRV b OW HUMWIGDXOVh Q) Db WRED WG Ii!W PR
JHUR SKDVH VKLIWLQJ ORZ SDVV % XWW H WDRUIW Kb ! D WHYHZILWOKD DB H b BJQFSXOWb R 11 DOPRV W
(DFK SDLU RI .LQH[RQ DQG 9LFRQ GDWD VRIOWO/RRWHKIHDPR PR HBPERXHQNEBOH ZDV XVHG
WLRQ ZDV PDQXDOO\ VIQFKURQL]HG WR GHWHUPLQHVDhFRPPRIQ VWD V®DID®G b!b P
HQG 7KH GLVWDQFH WUDYHOOHG ZDV WKHIUBEB OF%ODWHG \DO/DWKH VIX@GRI bW K HH[W U H
LOQVWDQWDQHRXV SRVLWLRQV LQ WKH KRQU]RQMDG SOGQWHH G EL DI Q R M HASGIGY D W L
DFFHOHUDWLRQ GDWD ZHUH REWDLQHG ERGK MG LRIKHO VHFDOHDWLRWDRGLDA&Zb!b
SDVV OWHULQJ b+] UG RUGHU JHUR SKDWH \bKih | W L@DWIKWW B UZRHWK ODWHH b'!b

TABLE 1. &RPSDULVRQ Rl SHDN VSHHG SHDN DFFHOHUDWLRQ DQG SHDN GHFHOHUD\
ORFRPRWLRQ DFWLYLWLHV SHUIRUPHG LQ WKH FHQWUH RI DQ LQGRRU FRXUW

Mean . Mean _ Mean Bias .6 W D.QG D uI'EE §W D QG E} P(GD Y &Bearsgn
Movement Ybo6 Yb6 Yba ised Bias Vb & ised TEE Yba& correlation
Vicon Kinexon ' Ybé&, ' Ybé&, U Ybé&,

&HQWUH RI WKH HOG

hon 6SHHGﬁ;ﬁ;8§Xb Yb Yb Yb Yb Yb Yb Yb
Ps ESHEL FQb Yb Yb Yb Yb Yb Yb Yb
Yb Yb Yb Yb Yb Yb Yb Yb
Y b Yb Yb Yb Yb Yb Yb Yb
3£DN $FFHOFﬁﬁ#&§%$b Yb Yb Yb Yb Yb Yb Yb
6SHFL F
Yb Yb Yb Yb Yb Yb Yb Yb
6 Y b Yb Yb Yb Yb Yb Yb Yb
iiDNIHFHOHHﬁ&h&%§b Yb Yb Yb Yb Yb Yb Yb
6SHFL F
Yb Yb Yb Yb Yb Yb Yb Yb
1RWH 6' 6WDQGDUG GHYLDWLRQ &, &RQ GHQFH ,QWHUYDO 7(( 7\SLFDO (UUR!
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TABLE 2. &RPSDULVRQ RI SHDN VSHHG SHDN DFFHOHUDWLRQ DQG SHDN GHFHOHUDW!
ORFRPRWLRQ DFWLYLWLHYV SHUIRUPHG RQ WKH VLGH RI DQ LQGRRU FRXUW

Mean . Mean . Mean Bias .6 w D.QG D uI'EE §W D QG 9 P(GD Y &Bearsqn
Movement Yb6 Yb6 Vb & ised Bias Vb & ised TEE Vb & correlation
Vicon Kinexon ' Yb &, ' Yb &, U Yb&,

6LGH RI WKH HOG

hon GSHHG/GDSVVESEVYb Yb Yb Yb Yb Yb Yb Yb
Ps ESHEL F\?b Yb Yb Yb Yb Yb Yb Yb
Yb Yb Yb Yb Yb Yb Yb Yb
ion $FFHO|/—?§\}§|\_I7|V3§Y§b Yb Yb Yb Yb Yb Yb Yb
Ps sSHEL EYD Yb Yb Yb Yb Yb Yb Yb
Yb Yb Yb Yb Yb Yb Yb Yb
0 Y b Yb Yb Yb Yb Yb Yb Yb
SPZDN IHFHOWGBSR’WE%/& Yb Yb Yb Yb Yb Yb Yb
6SHFL F

Yb Yb Yb Yb Yb Yb Yb Yb

1IRWH 6' 6WDQGDUG GHYLDWLRQ &, &RQ GHQFH ,QWHUYDO 7(( 7\SLFDO (UURU

5 ( 6 8 /7 e \/SULQWYV ,Q WKH VDPH ZD\ WKH PDJQLWXGH R
7DEOH bSUHVHQWYV PHDQ DQG VWDQGDUSHEHNEWWRRQDRIOSHDMLDYEMHE GXWDINQJ ODWHU
DFFHOHUDWLRQ DQG SHDN GHFHOHUDWLRY ISHIVK W/ FHIQG/ UR R B WIKHWS/O W) F RHQGEG O D W
GXULQJ VSULQWY ODWHUDO DQG KDQGEPODW RHFDOPGCRHUARPAWIWDRZBAOLODM VSULQ
WKH UHVSHFWLYH ELDV 7(( DQG FRUUHODWLRQV EHWZHHQ YDOXHV REWDLQHG
IURP SUDFWLFDO .LQH[RQ DQG FULW H U DFBQUSSI0Nagsisknsisninymniuiiagugubugagumynnngs
ELDVHVY ZHUH VPDOO WR PRGHUDWH IRU DB $RUSBEKEEHRIRWKLYOVIMRNGH PAIMWW D Q8 VHVYV
WULYLDO IRUGHFHOHUDWLRQ GXULQJ WKWKRMHEQH[RRYRBBHQW EXWHGNVND\YGMHPGLYPHERP S
7((V ZHUH VPDOO WR PRGHUDWH IRU DO OPRMULREE € Bl § VGXXWH. @ 3 VINCHP FaRMMHRHQWMBWLQW YV  C
HI[FHSW IRU SHDN GHFHOHUDWLRQ GXUL@D¥OHFIHF IP R YEGFHAWPHION ZKHFEUADM QW UHVXOV
RQO\ YHU\ ODUJH 7KH PDJQLWXGH RI WKHK FG®UEHO\DRMD\REH ZRDQYVRCGPRWS SNMWHFMSWDEC
IRU DOO DQDO\WVHV H[FHSW IRU SHDN -G HFRI'OHRJHDQWLR Q 7TBEKUR QIQLINHFGE HF RRIRWKH FRUUH (
PHQWY ZKLFK ZDV RQO\ ODUJH VI\VWHPV ZDV DOPRVW SHUIHFW Ib IRU DOO
7DEOH bSUHVHQWYV WKH UHVXOWYV IURRIWRN HFOHQIV VU HIF FRHGMGLRQVWKHH/ EGHWLFXOL
RI WKH HOG 6WDQGDUGLVHG ELDVHV ZHGHUDQY N YHBHLOP MRRYRRBAWNYW.K) 'R KH> BQ W UH
YDULDEOHYVY SHDNV LQ VSHHG DFFHOHUDUDWYRIR QD/QGXEH QH CCHWQHW URYS LWWQUNLWY RQ WKF
ODWHUDO PRYHPHQW 'XULQJ VSHFL F PRGHHAHIH WD WL B QNVGZHWI) VPDQBDWRVSULQWYV R
PRGHUDWH RQO\ IRU DFFHOHUDWLRQ DQG $HNKEBHAQ O WLRIESHDNVY @ /KO BHOWIRURI W
SHDN VSHHG 'XULQJ WKH VSULQW VW D @@DNEEMHGGE 7E D RH\S ZBIN H $HW G HPH® \SHDN DFF
ODUJH IRU SHDN GHFHOHUDWLRQ DQG PRGBODMKG IRYHEH OFN GUS HDHOG/ DRIGHDWULYLDO W
FHOHUDWLRQ 6WDQGDUGLVHG 7((V ZHUH VBIDODO WR7RRE&HUHVNK ORW M@ K VLPD DO K VW R
IRU ODWHUDO DQG VSHFL F PRYHPHQWYV DVMXR VRHU IBHHIR\U W3HGH B\ GHWISQ HO O RL B W \D O
7KH\ ZHUH YHU\ ODUJH IRU SHDN DFFHOHEFEBRBWMRAWRG GHFHRHUBDB® LRHD @ MBIHHIG &9
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SHDN GHFHOHUDWLRQ LQ ERWK OLQHDU WXWL@W \& NG DFFW & H D DWLRRYGH B 8 Q VB FHW B QD
GDUGLVHG 7((V ZHUH DOVR VPDOO WR ,PRERPEDWHVRQbWR WKMHQ&OHDUBN\ VIVWHP |
bYb 7KRVH UHVXOWYV ZHUH EHWW H D ® WD QaW KRMH . RE W[RIQ MG/ WHEHILY OLNHO\ PR
SLHOOR HW DO &9b'b JRU SHD N \GHFAH® QD IKHRH GRXQ MXKIHV $+O0 G U < Yt
FLF PRYHPHQWV KRZHYHU WKH VWD Q G/MDL/MEGLYHBDM(YHUX ODYBK VXV < (
bYb 7KHUH ZHUH DOVR DOPRVW SHUHDORN ARUHJR Q [PWM DR/ RP MKW BDBHDN VSHHC
EHWZHHQ WKH WZR VI\VWHPV Ub!b G-X UD® JHE RVENY P X1 W VGW K H F/\&/6& RQWWHR SHDPLQHG
FL F PRYHPHQWY DQG XQLGLUHFWLRQDCERRYWHPHOQRWVPNBVXQ WY C53i® N BWHAHOBUDW L
PRYHPHQWYV H[FHSW IRU SHDN GHFHOHUBWY QD \®KGL\Y K DS HKD B PRRY RP BQWNFWLRQ
U bYb ,Q FRPSDULVRQ ZLWK WK H H®W X0 MR FFRD UGHF® QQCWMMHFWHG DQG PF
YDULRXV *36 RU /36 YDOLGLW\ VWXGLHVbRU DO & D WK OIHYH QR ® YOVRRFGLWLRQV LQ
VHHPV WR EH PRUH HIIHFWLYH IRU PHDVXXUIMKI VBKID M [FSIISMGE RQFRHOHD D VB HEGD HUD W L
DQG GHFHOHUDWLRQV GXULQJ KDQGEDOO VSHFRHN I RHYXOWYVZ HWH BNRWWHHPNVKDQ W
PRUH HITHFWLYH DW PHDVXULQJ KLJK DF FIMG H & 0AW LRRW /B Q G&O HF KO H U IWICR D\ SHBNM U\ F
GXULQJ VSULQWY SHUIRUPHG LQ WKH FHQ&OUH RI VBKM LSDIDVIXFF HWOGY BI9b"bDQG ~ FKD
WKDQ WKH RWKHU SRVLWLRQLQJ V\VWHP DIDQGIPR P RHINRHHIBN & QB0 %G LOJ ®KDQJIH RI (
$V VKRZQ LQ 7DEOH RQ WKH VLGH Rl WKH SOD\LQJ HOG SHDN VSHHG
VWDQGDUGLVHG 7((V ZHUH VPDOO WR PRIGHitaionsi UHIJDUGOHVV RI WKH W\SH RI
PRYHPHQW bYb WR bYb LQ FRQWH HW XKREW YRH UV KMV BQHVHQW VWXG\ UH H
GDUGLVHG 7((V IRU SHDN DFFHOHUDWLR ®\K I @ 6% GEHIFHHG UDEW. LRGIYRIH UG RRD QQGRRU
WR PRGHUDWH IRU ODWHUDO DQG KDQG E DUXR KRB HF.DG PRRY HPHQWYV ,Q hBEW WKH HIIHI

WR bYb 'XULQJ WKH VSULQW H[W QBRHOY \WRK MV DEDXRGDW GRSRGWDQW SDUWI
7((V FRXOG EH IRXQG IRU SHDN DFFH O MKMW HOGY RD G® MB\HFOG MUCHVZRQEY DUH VP
bYb WR  bYb 7KH ODUJH 7(( UHERUAMH B JBIQG MWKH @ HDKH GLVWDQFH EHWZHH

VXUHPHQWY HUURUV RI WKH .LQH[RQ V\WWKHP DRQVWRB DM GV WRR/ KHHIOM\ILQH YHU\ F
HOG PLUURUHG WKH SRRU FRUUHODWLRIDNVN REMHU YIHEG IRQ WWKRAVWI WHBNTRBOLW\ R
FHOHUDWLRQV DQG GHFHOHUDWLRQV GXHUWDW LR@ ARBEDWKSIHRHQWILY LBSDPLUHG
DQG bYb 7KLV PHDVXUHPHQW HUURUWLDYVEXGE GH GVRRWKIHQYHVWLIDWH WKH
PHWKRG XVHG WR REWDLQ WKH DFFHOH QH®URW KH. BHMMD OAK\L ¥ B RAVD \H GHOQ LW KIBX JK VR
WZLFH IURP WKH SRVLWLRQ VLJQDO +R DHDHUW & HW ISRMVQLIVWKE W K D@D DQOZHKIHHWDN HOV +
PXOWLSOLHVY WKH SRVVLEOH PHDVXUHPH®W PIHGRR \D D)W H UMDIOL V LGHD WRQV LHoYHH Q QG V S+
VSHHG PHDVXUHPHQW ZDV YHU\ SUHFLVHQRW VKRE DbW.WQIQEDQWLEHEHUHQFH EHWZF
7 (( bYb LW VWLOO FRQWDLQHG VRKH 800DRLQI WHKDGW ZHERQYHNIKXBIQFH LW FRX
LQFUHDVHG E\ WKH GHULYDWLRQ SURFHYW\ ZIRXO & UKECH P HGHLGG VQ RWORBIFIXQ WRLYV VSt
WKH FHQWUH RI WKH SOD\LQJ HOG VLQFHROYKHDOGNBDPMHVE IRV IV&KPRWWRSW U MVEMG DU
IRU VSULQWLQJ VSHHG U bYb VWDQGDUGLVHG 7(( bYb
WKH PHDVXUHPHQW HUURU zZDV WRR VP [RoestivaRapplicaioMswWKH FRUUHODWLRQ DIWHU
GHULYDWLRQ ORUHRYHU WKH VWDQGDUBGKMHEVEXGYV DR DWHDIWDNUHRB QVW R W VIbGH/36 .
Rl WKH HOG bYb WKDQ LQ WKH FHQWHKH RX@EBPHQ®DO KPHQGEDOO PRYHPHQW (
7KHVH UHVXOWYV ZHUH VLPLODU WR RU HYISE HGWHBY DK BIQOWM KB WH BQ HWHI) B/HIGNEG H F
IXWHEHUJHW HW DO b> @ ZKHQ H[DPLQLQ B WHCH R G-H.OURBN \ HMA § WFHLID B Q\ W RHW KH FHQW
VLGH RI WKH HOG 7KH FXUUHQW UHVXXW®RY HXHRRQNMG D/\R HGU WEB\Y W RZKHH @ | WKKHH G D W
GLVWDQFH EHWZHHQ WKH UHFHLYHU WDJIJDPBBRIGOWMK D WIQRHQROE GHRHRMWHKBRWRRQV RI Z
QHRXV WKH DFFXUDF\ RI DFFHOHUDW LR QVIRQIGD & H FIHIGDHRIZIHW L@ I YRHHOD R X 8 H A A QWW\R Q
GHFUHDVHV *36 YDOLGLW\ VWXGLHV DOVR VKRZHG DQ RYHUDOO LQDELOLW\ WR
FRUUHFWO\ PHDVXUH DFFHOHUDWLRQV DKL &/ 6 HA iisgausiyismimng@uyimia@uiissmsmyism@nsmiem \\/ K H
SOD\LQJ HOG LQ DbVWDGLXP FRYHUHG ZRWKR QBPORBH BXKHVBK%VEDYW ® RUBH[RQ V\V\
OLNHO\ KHUH GXH WR DbOLPLWHG QXPEHYDRILER®WY AR WHISU Y GWH QVE LWHIH 9+ F @Q-WR DV
7KH .LQH[RQ V\VWHP VHHPV WR EH PRUKW RBFSDWWH W\ Q& PBBH AKKFEXOG KRZHYHU EF
LV JHQHUDOO\ OHVV UHOLDEOH IRU PHDWVMXOIHUD WLRW VG QGE FAHFRHDMHY PW Y R BN ROV W K
&9blb WKDQ XQLGLUHFWLRQDO PRYHPOQQWYHROIbVIBULQWE IRWPHDQJHUV3 FRXQWHU)\
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%XFKKHLW 0 $OOHQ $ 3RRQ/ XYW HRGBRIGNWMLESHQFHU 0 3HOUR B 0 6XSSO 6 6
0 *UHJVRQ : 'L 6DOYR 9 ,QVWBDUBWWORI WKH &DWDSXO V0 RORI@H 6N\/RYHREDG 9DUOH\ 0&
GLIIHUHQW WUDFNLQJ V\VW BRY L\G LIRRMEDOYWHP IRU 7HD P 88BRIUANY. QJ WKH %ODFN %R]
PXOWLSOH FDPHUD VHPL DXWRHPHIWAE FUL\WGWHPLQ ,QGRR U SRDBULADMRLARQ \) DROBN&RQVLGHU
ORFDO SRVLWLRQ PHDVXUHPBKOW. PQG *36 *36 '"HYLFHV LQ 6SRUW ,QW - 6S
WHFKQRORJLHV - 6SRUWYV 6FRSSH 0: %DXPJDUW & 3RO BOIDIRUIP 6XSSO 6 6

JUHLZDOG - 9DOLGLW\ DQG WRSNDENOFWAIRIVERBOO 6: %D W\
&DUOLQJ & ,QWHUSUHWLQJ BRG/LFDORU PHDVXULQJ GLVSID GPMM GRYBURBUHVVLYH 6 WD)\
SHUIRUPDQFH LQ SURIHVYVLRIDP® WRFIF$W PHFKDQLFDO SEHWXBUMALHQ 166G RWHDW OHGLFLQH
PDWFK SOD\ VKRXOG ZH EH PRRWWYV 3/R6 2QH 6FLHQFH OHG 6FL 6SRUWV ([HU
SUDJPDWLF LQ RXU DSSURDFK" 6SRBWYV OHG

$XJKH\ 5- $SSOLFDWLRQ RI 936NHU\ :0 'DVFRPEH %- %DNH
/DUVVRQ 3 *OREDO 3RVLWLRTHFXQRORHMD QR HOG 6SRUMWKDPQW 688RWWRUG :$ 'XI HO
6SRUW 6SHFL F 7THVWLQJ 6SRKAWNR@HBHUIRUP $FFXUDF\ DQG 5HOLDELOLW\ RI

&ORH &XPPLQV 52 +HOHQ 23I&RIQ@HRONXUHPHQW RI 6SRUWV 6
6FKXW] < &KDPED] $ &RXOG&DPHURQ :HVW *OREDO 3RVDWYRPHQW 3DWWHUQV 5HODWH(
VDWHOOLWH EDVHG QDYLJDW\WRHPW WB® DREG OLFURWHFHKQADWRIDQG )LHOG %DVHG 7HD
EH XVHG WR DVVHVV WKH SK8MQNRW WD EWLAHDWP\ RSRUWYV % BAWMQURDRVE& RQ G 5HV
LQGLYLGXDOV RQ HDUWK" (X3HY BRI Q6 SRWWV OHG

9DUOH\ 0& )DLUZHDWKHU ,+:I$XOKEPE-0 ORUJDQ 6 +RUL]RQ
6FRWW 078 6FRWW 7- .HOOYPOLMKIHN\ DQG UHOLDELOLWSRVEF®E RRUWQJ HUURU GHULYHG
9DOLGLW\ DQG 5HOLDELOLWPRDYXRERO® LQVWDQWDQHRX\3& KQRWIMV$GXQEQWLRQ RI WLPFH
3RVLWLRQLQJ 6\WWHPV LQ 7HFFHGRUMVBRQ GHFHOHUDWURQLPRLY/G WREMIDGWQJ LQIUD!
%ULHI 5HYLHZ - 6WUHQJWK BRRQGR® V- 6SRUWV 6FL 3HUIRUP $QDO 6SRUW

5\X 1DJDKDUD $% (QULFR 5HEMBGURWWONIRUVIROG 3 7ZLVW &
$ODUL $ $0 6DOPDQ $ $OVDRLHIRO 7DNHVKL 6KLPL]X 3LHROHFYDPRPVWRADOLGLW\ DQG W
$0OQDIHVVDK $ $0 +DGKUDPIDOG$SHBPPHHQRLW ORULQ &BBEXKDEH®W\ RI D JOREDO SRV
0$ HW DO 8OWUD :LGHEDQ®D®ERRW)\ RI *36 IRU '"HULYLQ¥936HBPKQIBQWEPOQJ JDWHV WR DV
3RVLWLRQLQJ 7THFKQRORJLHSURSPOWINVDRIGSULQW $F FSIOBHIRMWDRGH, 9WULDEOHV - 6S!
5HFHQW $GYDQFHV 6HQVRUYSBDWMBK\VLRO 3HUIRUP

.LQH[RQ 5HDO WLPH DWKOHWH WUDFNLQJ=
6HUSLHOOR )5 +RSNLQV :* BDMWRIHAH66LPSOH 6PDUW ,Q OXQLFK
7DYURX - 'XWKLH *0 $XJKH\FGLWWWOLQH[RQ 3UHFLVLRQ 7HFKQRORJLHV
9DOLGLW\ Rl DQ XOWUD ZLGHEDQG ORFDO
SRVLWLRQLQJ VIVWHP WR PHOMVKKHLW 0 6LPSVRQ %0 30D\HU
ORFRPRWLRQ LQ LQGRRU VSRWIWWLQESRIFWYRBEGERI\ +DOI )XOO0 RU

+DOI (PSW\ *ODVV" ,QW - 6SRUWYV 3K\VLRO
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