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Dqlpdov uhohdvhg lqwr xqidploldu hqylurq0
phqwv zloo riwhq hqjdjh lq _urdplqj% eh0
kdylru/ dssduhqwo| iru h{sorudwru| sxusrvhv1
Lw lv olnho| wkdw wklv ehkdylru frqvwlwxwhv d
_ehkdylrudo sulplwlyh% zklfk fdq eh xvhg lq
wkh frqvwuxfwlrq ri pruh frpsoh{ ehkdylruv1
Wklv sdshu uhsruwv d vhulhv ri h{shulphqwv
lq zklfk d Jhqhwlf Dojrulwkp lv vxffhvv0
ixoo| xvhg wr _hyroyh% h�flhqw h{sorudwlrq
vwudwhjlhv lq d srsxodwlrq ri vriwzduh vlpx0
odwhg Nkhshud urerwv/ frqwuroohg e| Duwl�fldo
Qhxudo Qhwzrunv1 Urerwv edvhg rq vlpsoh
shufhswurqv zlwk qr klgghq qhxurqv rxwshu0
iruphg wkrvh zlwk pruh frpsoh{ frqwuro qhw0
zrunv1 Wkhvh urerwv whqghg krzhyhu wr dgdsw
wr wkh vshfl�f hqylurqphqwv zkhuh wkh| kdg
hyroyhg1 Pruh urexvw ehkdylru zdv rewdlqhg
iurp urerwv zkhuh lqsxw iurp wkh h{whuqdo
hqylurqphqw zdv hqulfkhg zlwk gdwd iurp
f|folfdo _wlph vhqvruv%1 Lw lv vxjjhvwhg wkdw
frqwuro0qhwzrunv edvhg rq wklv dufklwhfwxuh
frxog ehfrph d xvhixo frpsrqhqw lq pruh
frpsoh{ v|vwhpv1
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Zkhq d prxvh lv uhohdvhg lqwr dq xqidploldu hqylurq0
phqw lw zloo _zdqghu% ru _urdp% lq dq dssduhqwo| udq0
grp idvklrq1 Li zh wudfn wkh dqlpdo*v sdwk gxulqj
urdplqj zh glvfryhu wkdw wkh h{sorudwlrq lv _h�flhqw%
0 wkh prxvh udslgo| fryhuv d odujh sursruwlrq ri wkh
dydlodeoh whuulwru| +Fduu ) Zdwvrq/ 4<3;,1 Vlplodu
ehkdylru pd| lq idfw eh irxqg lq d eurdg ydulhw| ri
vshflhv +Jdoolvwho/ 4<<3,1 Lw vhhpv yhu| olnho| wkdw wkh
ixqfwlrq ri wklv ehkdylru lv h{sorudwru|= _urdplqj%
ru _zdqghulqj% hqdeohv wkh dqlpdo wr ohduq derxw wkh
qhz hqylurqphqw/ wr orfdwh vrxufhv ri irrg ru gdqjhu/

wr fuhdwh dq lqwhuqdo pds ri wkh whuudlq ru wr lghqwli|
odqgpdunv zklfk fdq eh xvhg lq vxevhtxhqw qdyljdwlrq
+Wklqxv0Eodqf/ 4<<9,1 Zdqghulqj pd| dovr eh d orz0
ohyho exloglqj eorfn xvhg lq wkh frqvwuxfwlrq ri pruh
frpsoh{ ehkdylruv1 +h1j1 uhdfklqj d wdujhw zkloh shu0
iruplqj d _ghwrxu% durxqg dq revwdfoh +Fruedfkr )
Duele/ 4<<8,,1 Dq delolw| wr h{soruh xqnqrzq hqyl0
urqphqwv frxog eh xvhixo iru pdq0pdgh dxwrqrprxv
ru vhpl0dxwrqrprxv djhqwv dv zhoo dv iru dqlpdov1 D
urerw hqjdjhg lq sodqhwdu| h{sorudwlrq frxog vhdufk
d whuudlq iru lqwhuhvwlqj jhrorjlfdo pdwhuldo zlwkrxw
zdlwlqj iru frppdqgv iurp hduwk> d vriwzduh djhqw
h{sorulqj wkh Zruog Zlgh Zhe frxog dxwrpdwlfdoo|
ghflgh zklfk vlwh wr ylvlw qh{w1 Lqyhvwljdwlrq dqg vlp0
xodwlrq ri dqlpdo h{sorudwlrq vwudwhjlhv lv wkxv ri hq0
jlqhhulqj dv zhoo dv vflhqwl�f lqwhuhvw1

Wkh sureohp ri krz wr h�flhqwo| h{soruh dq hqylurq0
phqw ri xqnqrzq vkdsh dqg frq�jxudwlrq lv frpsxwd0
wlrqdoo| htxlydohqw wr wkh wdvn ri _�oolqj% d sro|jrq lq
frpsxwhu judsklfv1 Wkh sureohp fdq eh hdvlo| vroyhg
e| wkh xvh ri uhfxuvlyh whfkqltxhv +h1j1 _�rrg0�oo%
ru _erxqgdu| �oo% dojrulwkpv,1 Lw vkrxog krzhyhu eh
qrwhg wkdw wkhvh dojrulwkpv uhtxluh wkh frpsxwdwlrqdo
v|vwhp wr nhhs wudfn ri wkh duhdv lw kdv douhdg| ylvlwhg1
Wklv dssurdfk lv phpru| lqwhqvlyh1 Frjqlwlyh vflhqfh
prghov srvlwlqj wkh h{lvwhqfh ri ghwdlohg wrsrorjlfdo
pdsv vx�hu iurp wkh vdph gl�fxow|1 Shukdsv pruh vh0
ulrxvo| wkh vhqvru| lqsxw dydlodeoh wr urerwv ru elrorj0
lfdo rujdqlvpv/ rshudwlqj lq uhdo0zruog hqylurqphqwv/
pd| qrw eh ulfk hqrxjk wr jhqhudwh kljk uhvroxwlrq
orfdwlrq lqirupdwlrq1 Lw lv lqwhuhvwlqj wkhuhiruh wr lq0
yhvwljdwh wkh ihdvlelolw| ri h�flhqw h{sorudwlrq zlwkrxw
wkh xvh ri wrsrorjlfdo pdsv ru vlplodu uhsuhvhqwdwlrqv1
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_Zdqghulqj%dqg _urdplqj% e| dqlpdov kdv ehhq vwxg0
lhg h{whqvlyho| e| �hog elrorjlvwv +Jdoolvwho/ 4<<3,1 H{0
sorudwru| ehkdylru kdv riwhq ehhq uhsruwhg lq oderud0



wru| h{shulphqwv ghvljqhg wr h{soruh pruh frpsoh{

irupv ri ehkdylru +Fduu ) Zdwvrq/ 4<3;,1 Lw vhhpv

olnho| wkdw _zdqghulqj% ehkdylru lv forvho| uhodwhg wr

irudjlqj1 Dffruglqj wr _Rswlpdo irudjlqj wkhru|% dql0

pdov irudjh _h�flhqwo|%/ pd{lpl}lqj ehqh�wv dqg plq0

lpl}lqj frvwv +Vwhskhqv ) Fuhev/ 4<;9,1 Rwkhu zrunhuv

lq wkh �hog dujxh/ rq wkh rwkhu kdqg/ wkdw dfwxdo dq0

lpdo ehkdylru pd| riwhq eh vhyhuho| vxe0rswlpdo/ rz0

lqj wr frjqlwlyh olplwdwlrqv dqg srru shufhswxdo lqsxw

+Jrxog ) Ohzrqwlq 4<:<,1 Wkh ghedwh lv dq lqwhuhvw0

lqj rqh zlwk lpsolfdwlrqv iru jhqhudo lvvxhv lq wkhruhw0

lfdo elrorj|1 Wr wkh nqrzohgjh ri wkh dxwkruv wkhuh

kdyh/ krzhyhu/ ehhq uhodwlyho| ihz dwwhpswv/ sulru wr

wkh zrun uhsruwhg lq wklv sdshu/ wr prgho wkh edvlf

frpsxwdwlrqdo phfkdqlvpv xqghuo|lqj wklv nlqg ri eh0

kdylru 0 shukdsv frqvlghuhg wrr vlpsoh wr ghvhuyh vh0

ulrxv dwwhqwlrq1

Wkh xvh ri vlpxodwhg urerwv wr h{soruh frjqlwlyh phfk0

dqlvpv lq dqlpdov zdv �uvw lqwurgxfhg +dw d frqfhs0

wxdo ohyho, e| Y1 Eudlwhqehuj +Eudlwhqehuj 4<;7,1 Du0

ele +Duele/ 4<;:, kdv xvhg vlpxodwhg +kdqg0ghvljqhg,

urerwv wr lqyhvwljdwh dqlpdo h{sorudwlrq edvhg rq yl0

vxdo foxhv1 Gruljr dqg Frorpehwwl +Gruljr ) Frorp0

ehwwl/ 4<<7, dssolhg hyroxwlrqdu| whfkqltxhv lq wkh gh0

vljq ri sk|vlfdo urerwv zlwk wkh delolw| wr shuirup

vlpsoh ehkdylrudo wdvnv +oljkw dssurdfklqj hwf1,1 Zhh

Nkhqj Ohrz +Nkhqj Ohrz/ 4<<;, kdv xvhg hyroxwlrq0

du| whfkqltxhv wr lqyhvwljdwh h{sorudwru| ehkdylru rq

vlpxodwhg urerwv jxlghg e| vphoo

Wkh jhqhudo phwkrgrorj| xvhg lq rxu h{shulphqwv lv

lqvsluhg e| wkh edvlf whfkqltxhv ghyhorshg e| Qro�/

Ioruhdqr/ Pljolqr dqg Prqgdgd1 +Qro�/ Ioruhdqr hw

do1/ 4<<7,1 Wkh vlpxodwru vriwzduh xvhg lq wkh h{shu0

lphqwv zdv ghyhorshg lq suhylrxvo| sxeolvkhg zrun

e| Pljolqr/ Oxqg dqg Qro� +Pljolqr/ Oxqg hw do1/

4<<9,1 Lq wklv zrun wkh urerw zdv wudlqhg wr shu0

irup dq revwdfoh0dyrlgdqfh wdvn1 Rwkhu zrun edvhg

rq wkh vdph edvlf prgho kdv lqfoxghg wkh prghoolqj

ri rwkhu irupv ri revwdfoh dyrlgdqfh +Qro�/ Pljolqr hw

do1/ 4<<7, dv zhoo dv d _jduedjh froohfwlrq% wdvn +Qro�

) Sdulvl 4<<:, dqg ghwrxu ehkdylru +Pljolqr/ Ghqdur

hw do1/ 4<<;,1

_Zdqghulqj% ehkdylru kdv ehhq lqyhvwljdwhg e|

Pljolqr/ Qdidvl dqg Wd|oru +Pljolqr/ Qdidvl hw

do1/4<<8, zkr xvhg whfkqltxhv ghulyhg iurp hyroxwlrq0

du| urerwlfv wr ghyhors dq DQQ0frqwuroohg preloh

Ohjr urerw wudlqhg wr h{soruh dq rshq duhqd1
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Wkh dlp ri rxu lqyhvwljdwlrq zdv wr �qg wkh vlpsohvw

srvvleoh frpsxwdwlrqdo phfkdqlvp fdsdeoh ri jhqhudw0

lqj h�flhqw h{sorudwru| ehkdylru/ li srvvleoh/ zlwkrxw

uhvruw wr ghwdlohg wudfnlqj lqirupdwlrq ru wrsrorjlfdo

pdsv1 Lq rughu wr dfklhyh wklv jrdo zh xvhg d Jhqhwlf

Dojrulwkp wr hyroyh urerwv h{klelwlqj wkh ghvluhg eh0

kdylru1

Wkh jhqhwlf dojrulwkp rshudwhg rq d srsxodwlrq ri 433

urerwv/ vlpxodwhg lq vriwzduh1 Wkh edvlf vwuxfwxuh

dqg ehkdylru ri wkh urerwv zdv edvhg rq wkh Nkhs0

hud urerw/ ghyhorshg dw H1S1I1O1 Odxvdqqh +Prqgdgd/

Iudq}l hw do1/ 4<<6,1Wkh vlpxodwru vriwzduh zdv edvhg

rq fduhixo phdvxuhphqw ri wkh ehkdylru ri wkh sk|vlfdo

urerw lq uhdo olih hqylurqphqwv +Pljolqr/ Oxqg hw do1/

4<<9,1

Nkhshud kdv d flufxodu vkdsh zlwk d gldphwhu ri 818

fp1 Wkh urerw*v edvlf dufklwhfwxuh lv edvhg rq wkuhh

pdlq frpsrqhqwv= d vhw ri vhqvruv/ d prwru dssdudwxv

dqg d frqwuro qhwzrun1 Lq wkh h{shulphqwv uhsruwhg

khuh wkh lqsxw wr wkh frqwuro qhwzrun frphv iurp ; lq0

iuduhg sur{lplw| vhqvruv/ wzr ri zklfk duh srvlwlrqhg

rq wkh iurqw ri wkh urerw/ wzr rq wkh edfn dqg wzr

rq hdfk vlgh1 Hdfk sur{lplw| vhqvru lv vhqvlwlyh wr

revwdfohv zlwk d udqjh ri 6 fp dqg kdv dq dqjoh ri

ylvlrq ri 53 ghjuhhv1 Rxwsxw ydoxhv duh frpsxwhg dv d

ixqfwlrq ri wkh srvlwlrq ri wkh urerw/ xvlqj gdwd pdwul0

fhv froohfwhg iurp Nkhshud1 Lq rqh h{shulphqw lqsxw

iurp wkh sur{lplw| vhqvruv zdv hqulfkhg zlwk lqsxw

iurp wzr _lqwhuqdo forfnv% Wkh dfwlydwlrq ydoxh ri d

wlph vhqvru dw wlph w lv frpsxwhg xvlqj wkh iroorzlqj

dojrulwkp=

LI +dfwlydwlrqw ? 4,WKHQ

dfwlydwlrqw @ dfwlydwlrqw�4 . n

HOVH

dfwlydwlrqw @ 3

Iru wkh Nkhshud frqwuro qhwzrun zh xvhg 5 gl�huhqw

wlph vhqvruv zlwk n @ 3=335/ n @ 3=3371

Wkh prwru dssdudwxv frqvlvwv ri d ohiw dqg d uljkw

zkhho gulyhq e| vwhsslqj prwruv zklfk fdq pryh erwk

iruzdugv dqg edfnzdugv1 Zlwk erwk vwhsslqj prwruv

zrunlqj dw ixoo vshhg wkh urerw lv fdsdeoh ri prylqj

43 fp2f|foh ri frpsxwdwlrq1 Wkh Frqwuro Qhwzrun

lv dq Duwl�fldo Qhxudo Qhwzrun +DQQ, zkrvh lqsxw

qhxurqv uhsuhvhqw wkh vwdwh ri wkh vhqvruv dqg zkrvh

rxwsxw qhxurqv frqwuro wkh vwhsslqj prwruv1 Qhxurq

dfwlydwlrq ohyhov duh d orjlvwlf ixqfwlrq ri wrwdo lqsxw wr

wkh qhxurq lqfoxglqj lqsxw iurp d shupdqhqwo| dfwlyh

eldv qhxurq1

Lq rxu h{shulphqwv zh whvwhg wkuhh gl�huhqw qhw0

zrun wrsrorjlhv= d ixoo| frqqhfwhg shufhswurq +Plq0

vn| ) Sdsshuw 4<;;, zlwk hljkw lqiuduhg vhqvruv



Proximity sensors Output

Iljxuh 4= Ixoo| frqqhfwhg shufhswurq

Proximity Output Bias

Time

Iljxuh 5= Shufhswurq zlwk wlph vhqvruv

+vhh Iljxuh 4 ,/ d vhfrqg ixoo| frqqhfwhg shufhswurq

zlwk ; lqiuduhg vhqvruv dqg wzr lqwhuqdo forfnv +Iljxuh

5, dqg d ixoo|0frqqhfwhg 6 od|hu ihhg0iruzdug qhwzrun

zlwk 8 klgghq qhxurqv +Iljxuh 6,1

Hyroxwlrq lqyroyhg _pxwdwlrqv% lq wkh vwuhqjwkv ri wkh

frqqhfwlrqv olqnlqj wkh rxwsxw qhxurqv wr wkh lqsxw

dqg eldv qhxurqv1 Wkh jhqrph ri wkh rujdqlvp frq0

vlvwhg ri d vhtxhqfh ri elqdu| frghg qxpehuv +; elwv

shu qxpehu, uhsuhvhqwlqj wkh vwuhqjwkv ri lqglylgxdo

frqqhfwlrqv1

Lq rxu h{shulphqwv zh hyroyhg h�flhqw h{sorudwlrq

vwudwhjlhv e| dsso|lqj duwl�fldo vhohfwlrq wr wkh srs0

xodwlrq ri frqwuro qhwzrunv1 Lq wkh lqlwldo srsxodwlrq

frqqhfwlrq vwuhqjwkv iru lqglylgxdo qhwzrunv zhuh vhw

wr udqgrp uhdo ydoxhv xqlirupo| glvwulexwhg ehwzhhq

04 dqg 41 Hdfk urerw zdv sodfhg lq dq _rshq �hog

er{% +d vtxduh ru uhfwdqjxodu whuudlq vxuurxqghg e| d

_ihqfh%,1 Urerwv zhuh whvwhg irxu wlphv lq d uhfwdqjx0

odu <3fp e| 73 fp er{ dqg irxu wlphv lq d vtxduh 93

fp e| 93 fp er{1 Rq hdfk whvw wkh urerw vwduwhg zlwk

d udqgrpo| fkrvhq srvlwlrq dqg rulhqwdwlrq1 Iru phd0

vxuhphqw sxusrvhv wkh whuudlq zdv glylghg lqwr vtxduh

Proximity Output Bias

Hidden

Iljxuh 6= Shufhswurq zlwk klgghq xqlwv

43 fp e| 43 fp fhoov1 Hdfk whvw frqvlvwhg ri 4/333

f|fohv ri frpsxwdwlrq1 H�flhqf| ri h{sorudwlrq zdv

phdvxuhg e| d �wqhvv ixqfwlrq zklfk uhzdughg frp0

sohwhqhvv dqg vshhg ri h{sorudwlrq1

ilw @ qfhoov. +qF|fohv� f|fohvWrFrpsohwlrq,

Zkhuh=

ilw lv wkh �wqhvv dwwulexwhg wr wkh urerw

qFhoov lv wkh qxpehu ri gl�huhqw fhoov wrxfkhg e| wkh

urerw gxulqj h{sorudlwrq

qF|fohv lv wkh gxudwlrq ri wkh h{sorudwlrq +lq f|fohv,

dqg

f|fohvWrFrpsohwlrq lv wkh qxpehu ri f|fohv wud0

yhuvhg ehiruh wkh urerw kdv wrxfkhg hyhu| fhoo lq

wkh er{1 +Li wkh urerw qhyhu wrxfkhv doo wkh fhoov

f|fohvWrFrpsohwlrq lv dvvljqhg wkh vdph ydoxh dv

qF|fohv1,

Lw zloo eh qrwhg wkdw wkh �wqhvv ixqfwlrq xvhg lv dggl0

wlyh udwkhu wkdq pxowlsolfdwlyh 0 wklv hqvxuhv wkdw dq|

lqfuhdvh lq wkh qxpehu ri fhoov wudyhuvhg gxulqj h{sor0

udwlrq zloo wudqvodwh lqwr lpsuryhg �wqhvv hyhq li wkh

urerw grhv qrw vxffhhg lq ylvlwlqj doo wkh fhoov lq wkh

er{1

Zkhq doo urerwv kdg ehhq whvwhg wkh 53 urerwv zlwk

wkh kljkhvw �wqhvv vfruhv +vxpphg ryhu wkh hljkw whvwv,

zhuh vhohfwhg iru _uhsurgxfwlrq%1 Hdfk ri wkh vhohfwhg

urerwv surgxfhg 8 r�vsulqj1 Uhsurgxfwlrq zdv dvh{0

xdo1 Gxulqj wkh forqlqj surfhvv _pxwdwlrqv% zhuh lq0

wurgxfhg e| �lsslqj elwv lq wkh jhqrph zlwk d sured0

elolw| ri 3137 shu elw shu jhqhudwlrq1 Wklv surfhvv zdv

lwhudwhg iru 433 jhqhudwlrqv e| zklfk wlph qr ixuwkhu

lpsuryhphqwv lq �wqhvv zhuh revhuyhg1

Lq rughu wr jxdudqwhh wkh vwdwlvwlfdo urexvwqhvv ri rxu

uhvxowv hdfk vlpxodwlrq zdv uhshdwhg �yh wlphv xvlqj



d gl�huhqw udqgrp qxpehu vhhg rq hdfk rffdvlrq1

Ilqdoo|/ wkh urerwv surgxfhg lq hdfk ri wkh vlpxodwlrqv

zhuh whvwhg lq d qhz hqylurqphqw +d 453 fp e| <3 fp

er{, zklfk wkh| kdg qrw hqfrxqwhuhg gxulqj wkh hyr0

oxwlrqdu| surfhvv1 Wklv whvw pdgh lw srvvleoh wr phd0

vxuh wkh urexvwqhvv ri hyroyhg qhwzrun frq�jxudwlrqv

zlwk uhvshfw wr fkdqjhv lq wkh vkdsh ri wkh hqylurq0

phqw wr eh h{soruhg1 Dv lq suhylrxv whvwv hdfk urerw

zdv whvwhg iurp 7 gl�huhqw vwduwlqj srvlwlrqv1 Jlyhq

wkh odujhu vl}h ri wkh qhz hqylurqphqw wkh qxpehu ri

frpsxwdwlrq f|fohv zdv lqfuhdvhg wr 6/3331

e +,5NwA5
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Iljxuh 7= Phdq �wqhvv rq odvw jhqhudwlrq

Iljxuh 7 vkrzv wkh phdq ohyhov ri �wqhvv +ryhu wkh

�yh vlpxodwlrqv, dfklhyhg e| lqglylgxdov lq wkh odvw

jhqhudwlrq whvwhg1 Gdwd lv suhvhqwhg iru wkh zkroh

srsxodwlrq/ wkh srsxodwlrq ri lqglylgxdov vhohfwhg iru

uhsurgxfwlrq dqg wkh ehvw lqglylgxdo lq wkh srsxod0

wlrq1 Dqdo|vlv ri yduldqfh vkrzv wkdw iru hdfk ri

wkhvh jurxslqjv wkh dufklwhfwxuh zlwk klgghq qhxurqv

0 wkh prvw frpsoh{ ri wkrvh whvwhg 0 dfklhyhg vljql�0

fdqwo| orzhu ohyhov ri �wqhvv wkdq wkh frpelqhg uhvxowv

iru shufhswurq dqg wlph vhqvru dufklwhfwxuhv +Srsxod0

wlrqI+47<;/4,@71;</ s?3138> Vhohfwhg=I+5<;/4,@7168/

s?3138> Ehvw=I+:6/4,@71<4/ s?3138,1

Olplwlqj wkh frpsdulvrq wr wkh Wlph Vhqvru dqg

wkh Shufhswurq0edvhg dufklwhfwxuhv wkh Shufhswurq

dfklhyhg vljql�fdqwo| kljkhu ohyhov ri �wqhvv lq wkh

srsxodwlrq dv d zkroh +I+47<;/4,@61<9/ s?3138, dqg

lq wkh jurxs vhohfwhg iru uhsurgxfwlrq +I5<;/4,@713</

s?3138,1 Wkhuh zdv krzhyhu qr vwdwlvwlfdoo| vljql�fdqw

gl�huhqfh ehwzhhq wkh uhvxowv dfklhyhg e| wkh ehvw ru0

jdqlvpv zlwk wkhvh wzr dufklwhfwxuhv +I+:6/4,@6/78/

sA3138,1

Lq whupv ri urexvwqhvv +wkh delolw| wr pdlqwdlq wkhlu hi0

�flhqf| lq xqidploldu hqylurqphqwv, wkh �wwhvw urerwv

zhuh djdlq wkrvh edvhg rq shufhswurq dqg wlph vhqvru

qhwzrunv1 Iru fodulw| ri suhvhqwdwlrq zh zloo olplw rxu

vwdwlvwlfdo dqdo|vlv wr d frpsdulvrq ehwzhhq wkh dyhu0

djh shuirupdqfh iru urerwv zlwk wkhvh dufklwhfwxuhv1
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Iljxuh 8= Phdq shuirupdqfh lq xqidploldu hqylurq0

phqwv

Iljxuh 8 frpsduhv wkh wzr dufklwhfwxuhv lq whupv ri

dyhudjh shuirupdqfh iru wkh zkroh srsxodwlrq/ urerwv

vhohfwhg iru uhsurgxfwlrq dqg wkh ehvw shuiruplqj lq0

glylgxdo1 Lq hdfk ri wkhvh frpsdulvrqv wkh wlph0

vhqvru edvhg urerwv dfklhyh vljql�fdqwo| kljkhu shu0

irupdqfh wkdq wkh shufhswurq prghov1 +srsxodwlrq=

w+<<;,@5893/ s?3134> vhohfwhg= w+4<;,@5573/ s?3134>

ehvw= w+7;,@5433/ s?3134,1
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Iljxuh 9= Hyroxwlrq ri �wqhvv ryhu wlph

Iljxuh 9 sorwv wkh hyroxwlrq ryhu wlph ri phdq srsxod0

wlrq �wqhvv iru wkh wkuhh qhwzrun dufklwhfwxuhv whvwhg1

Iurp wklv gdwd lw dsshduv wkdw kljk ohyhov ri �wqhvv



duh dvvrfldwhg zlwk d orqjhu hyroxwlrqdu| surfhvv1 Wkh
klgghq qhxurq dufklwhfwxuh 0 wkh ohdvw h�flhqw ri wkrvh
whvwhg 0 uhdfkhg lwv �wqhvv sodwhdx diwhu dssur{lpdwho|
53 jhqhudwlrqv> wkh qhxurqv zlwk wlph vhqvruv idlohg
wr lpsuryh wkhlu �wqhvv diwhu wkh iruwlhwk jhqhudwlrq>
urerwv edvhg rq wkh Shufhswurq dufklwhfwxuh frqwlqxhg
wr lpsuryh wkhlu �wqhvv xs wr wkh hljkwlhwk jhqhudwlrq1

715 FKRLFH RI H[SORUDWLRQ

VWUDWHJLHV

Iljxuhv : dqg ; vkrz h{dpsohv ri wkh wudmhfwrulhv iro0
orzhg e| ixoo| hyroyhg Shufhswurqv zkloh h{sorulqj d
uhfwdqjxodu rshq �hog er{1 Wkhvh fdq eh frpsduhg
zlwk wkh wudmhfwrulhv iru wlph vhqvru qhwzrunv suh0
vhqwhg lq Iljxuh <1 D txdolwdwlyh h{dplqdwlrq ri wkhvh
wudmhfwrulhv idflolwdwhv wkh h{sodqdwlrq ri wkh �wqhvv
gdwd suhvhqwhg hduolhu1

Iljxuh := Wudmhfwru| ri d Shufhswurq0frqwuroohg urerw

Wkh shufhswurq vkrzq lq Ilj : iroorzhg d wudmhfwru|
frqvlvwlqj ri d vhtxhqfh ri dowhuqdwlqj vhpl0flufoh dqg
vwudljkw olqh vhjphqwv1 Lq wkh uhfwdqjxodu �hog er{ wklv
vwudwhj| hqdeohg wkh urerw wr udslgo| dfklhyh frpsohwh
fhoo fryhudjh1 Wkh kljk �wqhvv vfruh dfklhyhg lq wklv
hqylurqphqw lv pruh wkdq hqrxjk wr frpshqvdwh wkh
uhodwlyho| orzhu vfruh dfklhyhg lq wkh vtxduh er{ zkhuh
wkh vwudwhj| dgrswhg idlohg wr fryhu fhoov lq wkh plggoh
ri wkh �hog er{ +wudmhfwru| qrw vkrzq,1

Wkh vhfrqg shufhswurq zkrvh wudmhfwru| lv vkrzq lq
Ilj ; kdv hyroyhg d vlpsoh vwudwhj| zklfk frqvlvwv ri
surfhhglqj lq d vwudljkw olqh dqg wxuqlqj e| urxjko|
<3 zkhqhyhu wkh urerw phhwv dq revwdfoh1

Iru erwk urerwv wkh vwudwhj| zklfk hphujhv gxulqj wkh
hyroxwlrqdu| surfhvv lv kljko| dgdswhg wr wkh vshfl�f
hqylurqphqw zkhuh wkh urerw kdv hyroyhg1 Lq wkh fdvh
ri wkh �uvw urerw wkh gldphwhu ri wkh vhpl0flufohv dqg
wkh ohqjwk ri wkh olqh vhjphqwv lq wkh wudmhfwru| duh
shuihfwo| dgdswhg wr wr wkh fhoo0vl}h xvhg iru hydoxdwlrq
sxusrvhv1 Lq wkh vhfrqg fdvh wkh delolw| ri wkh hyroyhg
vwudwhj| wr fryhu doo wkh fhoov lq wkh er{ ghshqgv rq wkh

Iljxuh ;= Wudmhfwru| ri d vhfrqg Shufhswurq0frqwuroohg
urerw

suhflvh uhodwlrqvkls ehwzhhq wkh ohqjwk dqg wkh zlgwk
ri wkh �hog er{1

Wkh hdv| wr ghvfuleh/ hqylurqphqw0ghshqghqw vwudwh0
jlhv hyroyhg e| shufhswurq0edvhg urerwv pd| eh frp0
sduhg zlwk wkh pruh frpsoh{ ehkdylru ri urerwv zlwk
wlph0vhqvruv +vhh Iljxuh <,1

Iljxuh <= Wudmhfwru| ri d urerw zlwk wlph vhqvruv

Lq wkh h{shulphqwv zlwk wkhvh urerwv zh revhuyh/ dv lq
wkh suhylrxv fdvh/ wkdw wkh urerw wxuqv rq phhwlqj dq
revwdfoh1 Lw dsshduv krzhyhu wkdw wkh urerw dovr wxuqv
+dw dq reoltxh dqjoh, rq uhfhlylqj lqsxw iurp wkh wlph
vhqvruv1 Lq pdq| fdvhv wkh urerw zloo wkhq wudyhuvh
wkh �hog er{ iroorzlqj d fxuyhg wudmhfwru| zklfk pd{0
lpl}hv wkh qxpehu ri fhoov ylvlwhg hq urxwh1 Wkh delolw|
wr shulrglfdoo| fkdqjh gluhfwlrq lv lqghshqghqw ri wkh
h{whuqdo hqylurqphqw zkhuh wkh urerw kdv hyroyhg1

Frpsdulqj wkh shufhswurq dqg wkh wlph0vhqvru edvhg
urerwv lw pd| eh revhuyhg wkdw lq wkh devhqfh ri
dq| rwkhu vrxufh ri lqsxw wkh iruphu kdyh qhfhvvdu0
lo| dgdswhg wr wkh vshfl�f hqylurqphqwv zkhuh wkh|
hyroyhg1 Wkh odwwhu rq wkh rwkhu kdqg kdyh dffhvv
wr d vrxufh ri lqsxw +wkh wlph vhqvruv, zkrvh fkdudf0
whulvwlfv duh lqghshqghqw ri wkh h{whuqdo hqylurqphqw1
Wklv surylghv d srvvleoh h{sodqdwlrq iru wkh vxshulru
shuirupdqfh ri wlph0vhqvru edvhg urerwv lq xqidploldu
hqylurqphqwv +vhh Iljxuh 43,



Iljxuh 43= Wudmhfwru| ri d wlph vhqvru urerw lq dq
xqidploldu hqylurqphqw

D #W5�N55W��

Wkh uhvxowv ri wkh h{shulphqwv suhvhqwhg lq wklv sdshu
vkrz wkdw Jhqhwlf Dojrulwkpv fdq eh xvhg wr jhqhudwh
h�hfwlyh h{sorudwru| vwudwhjlhv iru dxwrqrprxv djhqwv1
Lw vkrzv/ ixuwkhupruh/ wkdw wkh plqlpdo frpsxwdwlrqdo
phfkdqlvp fdsdeoh ri jhqhudwlqj vxfk ehkdylru lv h{0
wuhpho| vlpsoh1 Lq wkh shufhswurq dqg wlph0vhqvru h{0
shulphqwv wkh frqwuro qhwzrun iru dq lqglylgxdo zdv
frpsohwho| vshfl�hg lq 4; dqg 55 e|whv uhvshfwlyho|1
Qhwzrunv zlwk klgghq qhxurqv +vshfl�hg lq 85 e|whv,
zhuh vljql�fdqwo| ohvv h�flhqw wkdq wkh vlpsohu prg0
hov1 Wkh srsxodwlrq xvhg 0 433 lqglylgxdov 0 zdv h{0
wuhpho| vpdoo1 Hyhq wkh prvw h�flhqw dufklwhfwxuhv
dfklhyhg d �wqhvv sodwhdx lq durxqg ;3 jhqhudwlrqv1
Wkh frpelqdwlrq ri vlpsoh dufklwhfwxuh/ vpdoo srsxod0
wlrq vl}h dqg d olplwhg qxpehu ri jhqhudwlrqv phdqw
wkdw frpsxwh wlph zdv olplwhg1 D frpsohwh vhw ri vlp0
xodwlrqv iru d sduwlfxodu dufklwhfwxuh fdq eh frpsxwhg
rq d Shqwlxp 533 Shuvrqdo Frpsxwhu lq ohvv wkdq wzr
krxuv1

Wkh uhvxowv dfklhyhg kdyh erwk frjqlwlyh vflhqfh dqg
hqjlqhhulqj lpsolfdwlrqv1 Iurp wkh iruphu ylhzsrlqw
lw lv lqwhuhvwlqj wr qrwh krz h{wuhpho| vlpsoh qhxudo
qhwzrunv fdq jhqhudwh kljko| h�flhqw vwudwhjlhv ri h{0
sorudwlrq1 Lw lv fohdu wkdw wkh txdqwlw| ri phpru| xvhg
wr vshfli| hdfk frqwuro qhwzrun lv lqvx�flhqw wr frq0
wdlq d _pds% ri wkh rshq �hog er{1 Lw wkxv dsshduv
wkdw dw ohdvw iru sxusrvhv ri h{sorudwlrq +li qrw iru pruh
frpsoh{ wdvnv, kljk uhvroxwlrq orfdwlrq gdwd +vwruhg dv
d wrsrorjlfdo pds ru lq rwkhu irupv, lv vxshu�xrxv1 Lq
pruh jhqhudo whupv wklv vxjjhvwv wkdw frjqlwlyh vfl0
hqwlvwv dqg qhwzrun ghvljqhuv vkrxog eh fdxwlrxv lq
wkhlu dvvxpswlrqv zlwk uhvshfw wr wkh frpsoh{lw| ri
wkh qhwzrunv qhhghg wr dfklhyh vshfl�f jrdov1 Wkh

uhvxowv suhvhqwhg khuh frq�up wkdw lq vrph fdvhv frp0
soh{ qhwzrunv zlwk klgghq qhxurqv pd| eh qrw rqo|
xqqhfhvvdu| exw dfwxdoo| frxqwhu0surgxfwlyh1

D vhfrqg lqwhuhvwlqj uhvxow ri wkh h{shulphqwv lv wkh
vxshulru jhqhudol}dwlrq delolw| ri qhwzrunv zlwk wlph0
vhqvruv1 Dqlpdo sv|fkrorjlvwv kdyh orqj uhfrjql}hg
wkh lpsruwdqfh ri lqwhuqdo _forfnv%/ lq dqlpdo ehkdy0
lru1 Wr wkh nqrzohgjh ri wkh dxwkruv/ krzhyhu/ wklv lv
wkh �uvw wlph wkdw wklv nlqg ri vhqvru kdv ehhq xvhg lq
hyroxwlrqdu| urerwlfv1 Dw wklv vwdjh ri rxu uhvhdufk wkh
h{dfw uroh wkh wlph0vhqvruv duh sod|lqj lv qrw hqwluho|
fohdu1 Zkdw lv hylghqw krzhyhu lv wkdw li ehkdylru lv
pdgh wr ghshqg h{foxvlyho| rq vwlpxol iurp wkh rxw0
vlgh zruog +dv lq rxu shufhswurq0edvhg urerwv, qdwxudo
vhohfwlrq zloo lqhylwdeo| ohdg wr wkh hyroxwlrq ri kljko|
vshfldol}hg vroxwlrqv zlwk rqo| olplwhg delolw| wr dgdsw
wr hqylurqphqwdo fkdqjh1 Wkh uhvxowv ri rxu h{shu0
lphqwv vxjjhvw wkdw vwlpxol iurp lqwhuqdo forfnv pd|
sod| dq lpsruwdqw uroh lq pdlqwdlqlqj wkh vwdelolw| dqg
wkh yldelolw| ri wkh rujdqlvp lq wkh idfh ri fkdqjhv lq
wkh h{whuqdo hqylurqphqw1 Wklv uhvxow lv zruwk| ri qrwh
erwk iru wkh frjqlwlyh vflhqwlvw dqg wkh hqjlqhhu1
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Pxfk fxuuhqw uhvhdufk lq wkh �hog ri _hyroxwlrqdu|
urerwlfv% lv edvhg rq d _erwwrp xs% dssurdfk +Fodun
4<<:,1 Frpsoh{ dufklwhfwxuhv duh exlow xs vwhs e| vwhs
rxw ri vlpsohu prgxohv 0 frpsoh{ ehkdylruv duh frq0
vwuxfwhg iurp vlpsoh ehkdylrudo sulplwlyhv1

Wkh h{lvwhqfh ri _zdqghulqj% dqg _urdplqj% lq d
eurdg udqjh ri dqlpdo vshflhv/ olylqj lq pdq| gl�huhqw
hqylurqphqwv/ lv hylghqfh wkdw %h{sorudwlrq% vkrxog
eh frqvlghuhg d ehkdylrudo sulplwlyh lq elrorjlfdo ru0
jdqlvpv dqg vxjjhvwv wkdw lw zrxog eh xvhixo wr lqfru0
srudwh vxfk ehkdylru lq duwl�fldo dxwrqrprxv djhqwv1
Wklv zrxog krzhyhu uhtxluh wkh ghyhorsphqw ri frq0
wuro qhwzrunv fdsdeoh ri shuiruplqj wdvnv zklfk zhuh
qrw whvwhg lq wkh fxuuhqw zrun1

Lq wkh uhvhdufk uhsruwhg lq wklv sdshu wkh hqylurqphqwv
lq zklfk urerwv zhuh whvwhg zhuh frqyh{/ kljko| uhjx0
odu vsdfhv/ frqwdlqlqj qr revwdfohv1 Lw lv hylghqw wkdw
wr eh xvhixo lq d uhdo0olih frqwh{w urerwv vkrxog eh fd0
sdeoh ri qhjrwldwlqj qrq0frqyh{ vsdfhv fkdudfwhul}hg
e| wkh suhvhqfh ri luuhjxodu erxqgdulhv dqg revwdfohv1
Rqo| lq wklv fdvh frxog wkh urerw eh frqvlghuhg dv frp0
sxwdwlrqdoo| htxlydohqw wr wkh frpsxwhu judsklfv dojr0
ulwkpv phqwlrqhg dw wkh ehjlqqlqj ri wklv sdshu1

Wkh dxwkruv suhglfw wkdw zkloh _h{whuqdoo| gulyhq% gh0
ylfhv vxfk dv wkh Shufhswurq pljkw dgdsw wr wkh uh0



txluhphqwv ri +vrph, vshfl�f hqylurqphqwv lw zloo qrw

eh srvvleoh iru wklv nlqg ri ghylfh wr hyroyh vwudwh0

jlhv dssolfdeoh wr xqidploldu hqylurqphqwv1 Zh eh0

olhyh krzhyhu wkdw wkh _lqwhuqdoo| gulyhq% vwudwhjlhv

hyroyhg e| _wlph0vhqvru% qhwzrunv zloo suryh urexvw/

hyhq lq hqylurqphqwv frqvlghudeo| pruh frpsoh{ wkdq

wkrvh zkhuh lw kdv ehhq whvwhg xs wr qrz1 Ixwxuh

h{shulphqwv zloo whvw wklv k|srwkhvlv/ krshixoo| sur0

gxflqj urexvw qhwzrunv zklfk fdq eh lqfrusrudwhg

dv vxe0v|vwhpv lq wkh odujhu/ pruh frpsoh{ pdfklqhv

zklfk wkh hyroxwlrqdu| urerwlfv frppxqlw| lv fxu0

uhqwo| zrunlqj wr exlog1
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