
Zk| Gr Od}| Shrsoh Pdnh Pruh Prqh|B
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Lqwhu0Dphulfdq Ghyhorsphqw Edqn

Rfwrehu/ 4<<;W

+Wklv yhuvlrq Dxjxvw/ 4<<<,

Devwudfw

Hpslulfdo zrun vxjjhvwv wkh suhvhqfh ri d sxeolf vhfwru zdjh suhplxp1 Wklv sdshu
lqyhvwljdwhv wkh wkhruhwlfdo uhdvrqv iru wkh suhvhqfh ri d vxfk d suhplxp1 Wkh uhvxowv
ri wkh sdshu duh frqvlvwhqw zlwk wkh kljkhu suhplxp sdlg wr zrphq dqg zlwk wkh idfw
wkdw wkh suhplxp ghfuhdvhv zlwk vnloov1 Wkh nh| lqvljkw ri wkh sdshu lv wkdw mre vhfxulw|
xqghuplqhv wkh lqfhqwlyh wr zrun kdug dqg irufhv wkh sxeolf vhfwru wr sd| kljkhu zdjhv1
Rqh lpsolfdwlrq ri wkh sdshu lv wkdw wkh sxeolf vhfwru zdjh suhplxp fdq eh xvhg dv dq
lqglfdwru ri lqh!flhqf| ri wkh sxeolf vhfwru1

MHO Frgh= K83/ M78
Nh|zrugv= H!flhqf| Zdjhv/ Sxeolf Vhfwru Oderu Pdunhw

Iudqfh kdv ehhq ghvfulehg dv d �flylo vhuydqw sdudglvh1� Qrw rqo| gr lwv 718p sxeolf0vhfwru
zrunhuv hqmr| qhdu0wrwdo mre vhfxulw|> wkh| dovr zrun vkruwhu krxuv/ jhw pruh sd|/ orqjhu
krolgd|v/ odujhu shqvlrqv/ zlghu khdowk fryhu/ idwwhu erqxvhv dqg eljjhu shunv wkdq wkhlu
frxqwhusduwv lq wkh sulydwh vhfwru1 Wkh| xvxdoo| uhwluh hduolhu wrr1�

Wkh Hfrqrplvw/ Pd| 4vw/ 4<<<

4 Lqwurgxfwlrq

L rqfh wrrn d whvw wkdw lqfoxghg wkh iroorzlqj txhvwlrq= �Jlyhq wzr rwkhuzlvh lghqwlfdo mrev/

wkh mre zkhuh zrunhuv duh pruh olnho| wr eh �uhg vkrxog sd| d kljkhu zdjh1 Wuxh ru idovhB�

L dqvzhuhg �Wuxh� dqg sdvvhg wkh whvw1 L vkrxog kdyh idlohg$ Li wkh zruglqj ri wkh txhvwlrq

kdg ehhq= �Jlyhq wzr rwkhuzlvh lghqwlfdo mrev/ rqh shuiruphg zlwklq wkh sulydwh vhfwru dqg

WL zrxog olnh wr wkdqn Qdgd Fkrxhlul/ Prpl Gdkdq/ Sdvtxdoh Iudq}hvh/ Dohmdqgur Jdyluld/ Pljxho V}hnho|/
Fdurolqh Ydq Ulmfnhjkhp/ vhplqdu sduwlflsdqwv dw wkh Qhz \run Xqlyhuvlw|/ wkh Xqlyhuvlw| ri Wxulq/ dqg
wkh Lqwhu0Dphulfdq Ghyhorsphqw Edqn iru khosixo frpphqwv dqg vxjjhvwlrqv1 Wkh xvxdo fdyhdwv dsso|1 Wkh
rslqlrqv h{suhvvhg lq wklv sdshu duh wkrvh ri wkh dxwkru dqg gr qrw qhfhvvdulo| uh hfw wkh ylhzv ri wkh Lqwhu0
Dphulfdq Ghyhorsphqw Edqn1 Dgguhvv= Lqwhu0Dphulfdq Ghyhorsphqw Edqn/ R!fh ri wkh Fklhi Hfrqrplvw/
Vwrs Z03769/ 4633 Qhz \run Dyh1 QZ/ Zdvklqjwrq/ GF 538:: H0pdlo= XJRSCLDGE1RUJ
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wkh rwkhu zlwklq wkh sxeolf vhfwru/ wkh sulydwh vhfwru mre vkrxog sd| pruh1 Wuxh ru IdovhB�

L zrxog kdyh jlyhq wkh vdph zurqj dqvzhu1

Dv srlqwhg rxw e| Wkh Hfrqrplvw/ lq pdq| frxqwulhv wkh sxeolf vhfwru r�huv d sohdvdqw

dqg qrq0frpshwlwlyh zrun hqylurqphqw dqg d ohyho ri mre vhfxulw| wkdw fdqqrw eh pdwfkhg

lq wkh sulydwh vhfwru1 Txlqq +4<;5, dqg Ehoodqwh dqg Orqj +4<;4, vkrz wkdw wkh iulqjh

ehqh�wv hqmr|hg e| sxeolf vhfwru zrunhuv duh vxevwdqwldoo| odujhu wkdq wkh iulqjh ehqh�wv

r�huhg lq wkh sulydwh vhfwru1 Srwhued dqg Uxhehq +4<<;,/ vkrz wkdw lq 4<<6 ehqh�wv dy0

hudjhg wr 761;( ri zdjhv iru sxeolf vhfwru zrunhuv dqg 7316( iru sulydwh vhfwru zrunhuv1

Ixuwkhupruh/ Txlqq +4<::, �qgv wkdw sulydwh vhfwru zrunhuv whqg wr eh vxemhfw wr pruh

zrun0sodfh glvdphqlwlhv +sdfh ri zrun/ vxshuylvlrq/ dqg gdqjhu, wkdq wkhlu sxeolf vhfwru

frxqwhusduwv1 Li zh dgg wr wklv wkh vwhuhrw|slfdo ylvlrq ri wkh sxeolf vhfwru zrunhu dv dq lq0

glylgxdo zlwk orz surgxfwlylw| +L zloo uhihu wr wklv dv wkh Qhzpdq idfwru,4 zh zrxog h{shfw

wkdw wkh sxeolf vhfwru vkrxog sd| zdjhv wkdw duh vxevwdqwldoo| orzhu wkdq wkh zdjhv sdlg lq

wkh sulydwh vhfwru1 Wklv lv qrw wkh fdvh1 Wkhuh lv prxqwlqj hylghqfh wkdw zdjhv sdlg lq wkh

sxeolf vhfwru duh qrw orzhu dqg duh riwhq vljql�fdqwo| kljkhu wkdq zdjhv sdlg lq wkh sulydwh

vhfwru +Juhjru| dqg Eruodqg/ 4<<:/ Sdql}}d dqg Tldqj/ 4<<<,1 Lq hvvhqfh/ wkhuh h{lvwv d

�sxeolf vhfwru zdjh suhplxp1�

Zkloh rq dyhudjh zdjhv duh kljkhu lq wkh sxeolf vhfwru/ wkh rssrvlwh lv wuxh li rqo| kljko|

vnloohg zrunhuv duh frqvlghuhg1 Wkh zdjh frpsuhvvlrq wkdw fkdudfwhul}hv wkh sxeolf vhfwru

ohdgv wr d vlwxdwlrq zkhuh kljko| vnloohg zrunhuv riwhq idfh d sxeolf vhfwru zdjh shqdow|1

Wkh gdwd dovr vkrz wkdw wkh zdjh suhplxp lv kljkhu iru zrphq wkdq iru phq1

Wklv sdshu wulhv wr dqvzhu wkh iroorzlqj wzr txhvwlrqv= +l, Zk| grhv wkh sxeolf vhfwru

sd| kljkhu dyhudjh zdjhvB +ll, Zk| grhv wkh suhplxp ghfuhdvh zlwk vnloovB Lw zloo dovr eh

vkrzq wkdw wkh uhvxowv ri wkh sdshu duh frqvlvwhqw zlwk wkh suhvhqfh ri d kljkhu suhplxp

iru zrphq1 Wkh odvw vhfwlrq ri wkh sdshu vkrzv wkdw wkh zdjh suhplxp shuvlvwv hyhq li wkh

sulydwh vhfwru kdv d vxshulru vfuhhqlqj whfkqrorj| dqg kluhv lqglylgxdov zkr duh/ rq dyhudjh/

pruh surgxfwlyh wkdq wkh oderu irufh hpsor|hg e| wkh sxeolf vhfwru1

Wkh h{lvwlqj wkhruhwlfdo olwhudwxuh rq wkh sxeolf vhfwru zdjh suhplxp frqvlvwv pdlqo| ri

yhuedo h{sodqdwlrqv dqg hpskdvl}hv wkh uroh ri wkh kljkhu ohyho ri xqlrql}dwlrq dqg wkh vriw

4Iurp wkh srvwdo zrunhu ri wkh WY vkrz Vhlqihog1
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exgjhw frqvwudlqw idfhg e| wkh sxeolf vhfwru +Hkuhqehuj dqg Vfkzdu}/ 4<;9/ dqg Juhjru|

dqg Eruodqg/ 4<<:/ duh wzr h{fhoohqw vxuyh|v,1 Kropoxqg +4<<6, suhvhqwv d irupdo prgho

lq zklfk wkh sxeolf vhfwru zdjh suhplxp dulvhv iurp wkh idfw wkdw/ zkloh wkh sulydwh vhfwru

xqlrqv ixoo| lqwhuqdol}h +wkrurxjk wkh ghfuhdvh lq hpsor|phqw, wkh frvw ri dq| lqfuhdvh ri

wkh zdjh eloo/ wkh sxeolf vhfwru xqlrqv duh deoh wr glvfkdujh sduw ri wkh exughq rq wkh sulydwh

vhfwru1

Wklv sdshu r�huv dq dowhuqdwlyh h{sodqdwlrq iru wkh sxeolf vhfwru zdjh suhplxp1 Wkh

prgho ri Vhfwlrq 6 irfxvhv rq wkh idfw wkdw wkh sxeolf vhfwru lv qrw deoh wr r�hu lwv zrunhuv

wkh sdfndjh ri lqfhqwlyhv dydlodeoh wr wkh sulydwh vhfwru1 Wkh sdshu dgrswv dq h!flhqf|

zdjh prgho zkhuh wkh pdlq lqfhqwlyh iru zrunlqj kdug lv wkh suredelolw| ri ehlqj �uhg li

fdxjkw vklunlqj1 Lq wklv vhwwlqj/ wkh kljkhu ohyho ri �ulqj frvwv idfhg e| wkh sxeolf vhfwru

wljkwhqv wkh qr0vklunlqj frqvwudlqw iru wkh sxeolf vhfwru dqg ohdgv wr kljkhu zdjhv1 Khqfh/

wkh kljkhu mre vhfxulw| r�huhg e| wkh sxeolf vhfwru/ lqvwhdg ri ehlqj frpshqvdwhg e| orzhu

zdjhv/ lv wkh pdlq fdxvh ri wkh sxeolf vhfwru suhplxp1

Wklv sdshu grhv qrw frqwudglfw exw udwkhu frpsohphqwv wkh srolwlfdo frqvlghudwlrqv

udlvhg e| wkh suhylrxv olwhudwxuh1 Khuh wkh srolwlfdo srzhu ri wkh sxeolf vhfwru xqlrqv lv

uh hfwhg e| wkh sxeolf vhfwru*v uhodwlyh gl!fxow| +zlwk uhvshfw wr wkh sulydwh vhfwru, lq �ulqj

zrunhuv zkr vklun1 Lq frxqwulhv zlwk d odujh sxeolf vhfwru/ xqvwdeoh srolwlfdo pdmrulwlhv/ dqg

zhdn lqvwlwxwlrqdo v|vwhpv/ sxeolf vhfwru xqlrqv zloo kdyh d vwurqj lq xhqfh rq srolf|0pdnhuv

dqg irufh wkh odwwhu wr sd| kljkhu uhqwv wr sxeolf vhfwru zrunhuv1

Dq lpsolfdwlrq ri wkh sdshu lv wkdw wkh zdjh suhplxp fdq eh xvhg dv d phdvxuh ri

wkh uhodwlyh lqh!flhqf| ri wkh sxeolf vhfwru zlwk uhvshfw wr wkh sulydwh vhfwru1 Wkh lghd

wkdw wkh sxeolf vhfwru suhplxp fdq eh xvhg dv dq lqglfdwru ri lqh!flhqf| ri wkh sxeolf

vhfwru jrhv djdlqvw wkh frpprq zlvgrp �pdlqo| edvhg rq wkh h{shulhqfh ri rqh frxqwu|=

Vlqjdsruh� wkdw kljkhu sxeolf vhfwru zdjhv zrxog ghfuhdvh fruuxswlrq dqg wkhuhiruh lq0

fuhdvh wkh h!flhqf| ri wkh sxeolf vhfwru +Qxqehuj dqg Qhoolv/ 4<<8/ Ydq Ulmfnhjkhp dqg

Zhghu/ 4<<:,1 Xvlqj d sdqho ri 64 frxqwulhv Ydq Ulmfnhjkhp dqg Zhghu +4<<:, gr qrw �qg

d vwurqj fruuhodwlrq ehwzhhq sxeolf vhfwru zdjhv dqg fruuxswlrq1 Udxfk dqg Hydqv +4<<:,

vxuyh| wkh uhodwlrqvkls ehwzhhq wkh exuhdxfudwlf vwuxfwxuh dqg shuirupdqfh ri 68 ohvv gh0

yhorshg frxqwulhv1 Wkh| �qg d srvlwlyh fruuhodwlrq ehwzhhq wkh txdolw| ri exuhdxfudf| rq

6



wkh rqh kdqg dqg phulwrfudwlf uhfuxlwphqw dqg surprwlrq v|vwhpv rq wkh rwkhu exw gr qrw

�qg dq| fohdu fruuhodwlrq ehwzhhq wkh iruphu dqg wkh ohyho ri sxeolf vhfwru sd|v1 Od Sruwd

hw do1 +4<<;, �qg d qhjdwlyh fruuhodwlrq ehwzhhq sxeolf vhfwru zdjhv dqg ydulrxv lqglfdwruv

ri jryhuqphqw h!flhqf| dqg frqfoxgh wkdw frxqwulhv lq zklfk exuhdxfudwv kdyh pxfk srzhu

wkh| froohfw erwk kljk zdjhv dqg vljql�fdqw eulehv1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh

lghd ri wklv sdshu= kljk sxeolf vhfwru zdjhv gr qrw ghulyh iurp d phfkdqlvp wkdw wulhv

wr dwwudfw wkh ehvw zrunhuv wr wkh sxeolf vhfwru> wkh| udwkhu dulvh iurp wkh jryhuqphqw*v

lqdelolw| wr vroyh lwv sulqflsdo djhqw sureohp1 Hdvwhuo| +4<<;, srlqwv rxw wkdw= �Shrsoh

uhvsrqg wr lqfhqwlyhv1 Shrsoh uhvsrqg wr lqfhqwlyhv1 Shrsoh uhvsrqg wr lqfhqwlyhv1� Kljkhu

sd|v/ krzhyhu/ gr qrw vhhp wr eh wkh ehvw phwkrg wr surylgh sxeolf vhfwru zrunhuv zlwk

wkh uljkw vhw ri lqfhqwlyhv15 Phulwrfudwlf uhfuxlwphqw dqg surprwlrqv duh wkh srolflhv wkdw

r�hu wkh uljkw lqfhqwlyhv dqg kdyh d srvlwlyh h�hfw rq wkh txdolw| ri wkh sxeolf vhfwru1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 ghvfulehv vrph vw|ol}hg idfwv uhjduglqj

wkh sxeolf2sulydwh zdjh gl�huhqwldo1 Vhfwlrq 6 suhvhqwv wkh edvlf prgho wkdw jhqhudwhv wkh

sxeolf vhfwru zdjh suhplxp1 Vhfwlrq 7 vkrzv wkdw wkh suhvhqfh ri d suhplxp lv qrw d�hfwhg

e| d phfkdqlvp zkhuh wkh sulydwh vhfwru fdq vnlp wkh oderu irufh dqg kluh wkh ehvw zrunhuv

+khqfh/ wkh wlwoh ri sdshu,1 Vhfwlrq 8 frqfoxghv1

5 Lv Wkhuh d Sxeolf Vhfwru SuhplxpB

Wklv vhfwlrq uhylhzv wkh h{lvwlqj hpslulfdo olwhudwxuh rq wkh sxeolf vhfwru zdjh suhplxp

dqg suhvhqwv vrph edvlf vw|ol}hg idfwv16 Zkloh wkhuh h{lvwv d zlgh olwhudwxuh whvwlqj iru wkh

suhvhqfh ri d sxeolf vhfwru zdjh suhplxp lq wkh Xqlwhg Vwdwhv +Hkuhqehuj dqg Vfkzdu}/

4<;9/ vxuyh| 56 vwxglhv wkdw vxssruw wkh suhvhqfh ri d sxeolf vhfwru zdjh suhplxp, frqvlg0

hudeo| olwwoh zrun kdv ehhq grqh dw wkh furvv0frxqwu| ohyho1 Eodqfk rzhu +4<<9, frpsxwhg

wkh sxeolf vhfwru zdjh suhplxp iru 48 RHFG frxqwulhv1 Klv uhvxowv duh uhsruwhg lq Wdeoh

41 Dffruglqj wr Eodqfk rzhu*v hvwlpdwlrqv/ 44 frxqwulhv kdyh d srvlwlyh dqg vwdwlvwlfdoo|

vljql�fdqw sxeolf vhfwru zdjh suhplxp dqg rqo| rqh +Qruzd|, kdv d vwdwlvwlfdoo| vljql�fdqw

sxeolf vhfwru zdjh shqdow|1 Lq prvw frxqwulhv/ sxeolf vhfwru hpsor|hhv hduq ehwzhhq 7 dqg

5Ydq Ulmfnhjkhp dqg Zhghu +4<<:, �qg wkdw txdvl0hudglfdwlrq ri fruuxswlrq zrxog uhtxluh d uhodwlyh
zdjh ri 50; wlphv wkh pdqxidfwxulqj zdjh1

6Wklv vhfwlrq lv prvwo| edvhg rq Juhjru| dqg Eruodqg*v +4<<:, h{fhoohqw vxuyh|1
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Wdeoh 4= Wkh Sxeolf Vhfwru Zdjh Suhplxp lq RHFG Frxqwulhv
Frxqwu| Frh!flhqw w0vwdwlvwlfv \hdu
Dxvwudold 3137 513; 4<<30<4
Dxvwuld 3134 3194 4<<40<5
Fdqdgd 313< 5198 4<<50<6
Jhupdq| 3139 71:4 4<;<0<6
Luhodqg 313< 519: 4<;;0<4
Lwdo| 313; 614< 4<;<0<6
Lvudho 03135 3168 4<<6
Mdsdq 3154 51:4 4<<6
Qhwkhuodqgv 3137 513; 4<<40<6
Qhz ]hdodqg 3144 6165 4<<50<6
Qruzd| 0313: 71;< 4<;<0<6
Vsdlq 3146 41<: 4<<6
Vzlw}huodqg 03138 31:: 4<;:
Xqlwhg Nlqjgrp 3137 519: 4<;<0<6
Xqlwhg Vwdwhv- 313< 4619: 4<<6

-Ihghudo Jryhuqphqw rqo|1 Vrxufh= Eodqfk rzhu +4<<9,1

46 shufhqw pruh wkdq zrunhuv zlwk vlplodu fkdudfwhulvwlfv hpsor|hg lq wkh sulydwh vhfwru

+Mdsdq/ zlwk d 54 shufhqw sxeolf vhfwru suhplxp/ lv fohduo| dq rxwolhu,1

Wkh uhvxowv ri Wdeoh 5 zhuh rewdlqhg e| uxqqlqj zdjh uhjuhvvlrqv rq krxvhkrog vxuyh|v

gdwd iru 47 Odwlq Dphulfdq frxqwulhv +Sdql}}d dqg Tldqj/ 4<<<,1 Lq wklv vdpsoh ri ohvv

ghyhorshg frxqwulhv zh dovr �qg wkdw/ rq dyhudjh/ wkh sxeolf vhfwru sd|v pruh wkdq wkh

sulydwh vhfwru1 Rxw ri 47 frxqwulhv/ 7 vkrz d sxeolf vhfwru shqdow| dqg ; d sxeolf vhfwru

suhplxp +wkh frh!flhqw lv qrw vwdwlvwlfdoo| vljql�fdqw iru wkh wzr uhpdlqlqj frxqwulhv,1

Wkh hvwlpdwlrqv uhsruwhg lq Wdeohv 4 dqg 5 gr qrw glvwlqjxlvk pdohv iurp ihpdohv1

Juhjru| dqg Eruodqg +4<<:, vxuyh| pruh wkdq 67 vwxglhv dqg �qg wkdw wkh sxeolf vhfwru

zdjh suhplxp lv kljk iru zrphq exw riwhq qrw vwdwlvwlfdoo| vljql�fdqw iru phq1 Wkh uhvxowv

ri Wdeoh 4 pd| wkxv sur{| iru wkh orzhu jhqghu jds lq wkh sxeolf vhfwru1 Jruqlfn dqg Mdfrev

+4<<;, uxq vhsdudwh uhjuhvvlrqv iru phq dqg zrphq dqg �qg d odujh sxeolf vhfwru suhplxp

lq Fdqdgd dqg lq wkh Xqlwhg Vwdwhv exw d zdjh shqdow| iru Vzhglvk phq dqg zrphq1

Juhjru| dqg Eruodqg +4<<:, vxjjhvw wkdw lq wkh Xqlwhg Nlqjgrp wkhuh lv d suhplxp iru

zrphq exw qrw iru phq1 Edugdvl +4<<;, �qgv wkdw phq zrunlqj lq wkh Lwdoldq sxeolf vhfwru

hduq krxuo| zdjhv wkdw duh ehwzhhq : dqg 4: shufhqw kljkhu wkdq wkh zdjhv sdlg wr sulydwh

vhfwru pdoh zrunhuv1 Wkh zdjh suhplxp iru zrphq rvfloodwhv ehwzhhq 5: dqg 76 shufhqw1
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Wdeoh 5= Wkh Sxeolf Vhfwru Zdjh Suhplxp lq Odwlq Dphulfdq Frxqwulhv
Frxqwu| Frh!flhqw w0vwdwlvwlfv \hdu
Erolyld 03148 7193 4<<8
Eud}lo 03139 <15; 4<<8
Frorpeld 314; 461;; 4<<8
Frvwd Ulfd 314: 43174 4<<8
Hfxdgru 03139 41:7 4<<8
Krqgxudv 313; 6165 4<<9
Ph{lfr 3144 81:8 4<<7
Qlfdudjxd 03134 316; 4<<6
Sdqdpd 3145 ;189 4<<8
Sdudjxd| 314: 4813: 4<<8
Shux 313; 8133 4<<9
Ho Vdoydgru 3157 45178 4<<8
Xuxjxd| 03139 71<< 4<<8
Yhqh}xhod 03138 7186 4<<8

Vrxufh= Dxwkru*v hvwlpdwlrqv1

Sdql}}d dqg Tldqj +4<<<, �qg d sxeolf vhfwru suhplxp iru erwk phq dqg zrphq lq vhyhudo

Odwlq Dphulfdq frxqwulhv1

Srwhued dqg Uxhehq +4<<;, lqyhvwljdwh wkh suhvhqfh ri d sxeolf vhfwru zdjh suhplxp

iru vwdwh dqg orfdo jryhuqphqwv lq wkh Xqlwhg Vwdwhv1 Dowkrxjk suhylrxv vwxglhv irxqg wkdw

erwk vwdwh dqg orfdo jryhuqphqwv zrunhuv idfh d zdjh shqdow| +Hkuhqehuj dqg Vfkzdu}/

4<;9,/ Srwhued dqg Uxhehq vkrz wkdw wklv shqdow| kdv ghfuhdvhg lq wkh odvw ghfdgh dqg/ lq

pdq| vwdwhv/ kdv ehfrph d suhplxp1

Dqrwkhu lqwhuhvwlqj srlqw lv wkh fruuhodwlrq ehwzhhq wkh zdjh suhplxp dqg vnloov1 E|

frpsdulqj wkh glvwulexwlrq ri hduqlqjv lq wkh sulydwh vhfwru zlwk wkh glvwulexwlrq ri hduqlqjv

lq wkh sxeolf vhfwru lw lv srvvleoh wr vkrz wkdw wkh odwwhu lv pxfk pruh frpsuhvvhg1 Ndw}

dqg Nuxhjhu +4<<4, uxq vhsdudwh uhjuhvvlrqv iru XV zrunhuv ehorqjlqj wr gl�huhqw hgxfdwlrq

jurxsv dqg vkrz wkdw froohjh0hgxfdwhg pdohv idfh d sxeolf vhfwru shqdow|/ zkloh pdohv zlwk

orzhu hgxfdwlrq hqmr| d sxeolf vhfwru suhplxp1 Vlplodu �qglqjv duh rewdlqhg iru ihpdohv/

exw wkh shqdow| iru froohjh0hgxfdwhg zrphq lv forvh wr }hur dqg wkh suhpld iru zrphq zlwk

orzhu ohyhov ri hgxfdwlrq duh kljkhu1 Glvqh| hw do1 +4<<:, dsso| txdqwloh uhjuhvvlrq dqdo|vlv

wr XN gdwd dqg �qg wkdw wkh sxeolf vhfwru suhplxp lv lqyhuvho| uhodwhg wr dq hpsor|hh*v

srvlwlrq lq wkh glvwulexwlrq ri hduqlqjv1 Vlplodu uhvxowv kdyh ehhq irxqg iru Dxvwudold dqg

Vzhghq +Juhjru| dqg Eruodqg/ 4<<:,1
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Wkh pruh frqfhqwudwhg hduqlqj glvwulexwlrq lq wkh sxeolf vhfwru pd| kdyh dq lpsruwdqw

vhohfwlrq h�hfw1 Juhjru| dqg Eruodqg +4<<:, vxjjhvw wkdw fohulfdo zrunhuv zlwk kljk ohyhov

ri delolw| duh pruh olnho| wr ohdyh wkh sxeolf vhfwru1 Ndw} dqg Nuxhjhu +4<<4, �qg wkdw ds0

solfdwlrqv iru Ihghudo Jryhuqphqw mrev kdyh lqfuhdvhg iru eoxh froodu zrunhuv dqg ghfuhdvhg

iru zklwh froodu zrunhuv1 Wkh| dovr �qg wkdw wkh zdjh frpsuhvvlrq ri wkh sxeolf vhfwru kdv

orzhuhg wkh txdolw| +phdvxuhg e| vwdqgdugl}hg whvwv, ri zklwh froodu zrunhuv lq wkh sxeolf

vhfwru1 Xvlqj d vdpsoh ri 5333 Frorpeldq zrunhuv/ Svdfkdursrxorv dqg Yhoh} +4<<5, �qg

d srvlwlyh uhwxuq wr LT lq wkh sulydwh vhfwruv exw qr uhwxuq wr LT lq wkh sxeolf vhfwru +wkh|

dovr �qg wkdw zrunhuv hpsor|hg lq wzr vhfwruv kdyh vlplodu uhwxuqv wr hgxfdwlrq,1

Wkh gdwd xvhg lq wkh hvwlpdwlrqv ri Wdeohv 4 dqg 5 gr qrw lqfoxgh qrq0zdjh ehqh�wv1

Khqfh/ wkh uhvxowv duh olnho| wr xqghuhvwlpdwh wkh uhqw hqmr|hg e| sxeolf vhfwru zrunhuv1

Xvlqj X1V1 gdwd/ Txlqq +4<;5, �qgv wkdw sxeolf vhfwru hpsor|hhv uhfhlyh shqvlrq frqwul0

exwlrqv wkdw duh 63 wr 83 shufhqw juhdwhu wkdq wkh shqvlrq frqwulexwlrqv sdlg e| sulydwh

hpsor|huv1 Eudghq dqg K|godqg +4<<6, hvwlpdwh wkdw rqh0wklug ri wkh udz gl�huhqwldo lq

wrwdo oderu frvw ehwzhhq sxeolf dqg sulydwh vhfwru hpsor|hhv fdq eh dwwulexwhg wr qrq0zdjh

ehqh�wv1 Euxqhool dqg Fr{ +4<<5, hvwlpdwh wkdw rqo| li d ihghudo hpsor|hh*v vwduwlqj vdodu|

lv 661: shufhqw ehorz wkh vdodu| ri d frpsdudeoh sulydwh hpsor|hh zrxog wkhuh eh qr h{fhvv

uhqw iru wkh sxeolf hpsor|hh1

Vlqfh zdjh uhjuhvvlrqv xqghuhvwlpdwh wkh uhdo gl�huhqfh ehwzhhq sxeolf dqg sulydwh

vhfwru frpshqvdwlrq/ lqgluhfw phwkrgv duh riwhq xvhg wr phdvxuh wkh uhqw fdswxuhg e|

sxeolf vhfwru hpsor|hhv1 Rqh rswlrq frqvlvwv lq hvwlpdwlqj zkhwkhu wkhuh lv d �txhxh� iru

sxeolf vhfwru mrev1 Dqrwkhu dowhuqdwlyh lqyroyhv frpsdulqj wkh txlw udwhv ri zrunhuv lq hdfk

vhfwru1 Orqjhu txhxhv ru orzhu txlw udwhv lq wkh sxeolf vhfwru zrxog lqglfdwh wkdw wkhuh lv

d uhqw wr eh froohfwhg iurp zrunlqj lq wkh sxeolf vhfwru1

Rq Pdufk 57/ 4<;4 Wkh Zdoo Vwuhhw Mrxuqdo uhsruwhg wkdw wkh Srvwpdvwhu ri Qhz \run

Flw| uhfhlyhg pruh wkdq 553/333 dssolfdwlrqv iru 5/833 mre rshqlqjv +pruh h{wuhph h{dpsohv

fdq eh irxqg lq p| rzq frxqwu|= Lwdo|,1 Yhqwl +4<;:, pryhv eh|rqg wklv dqhfgrwdo hylghqfh

dqg whvwv wkh h{lvwhqfh ri txhxhv iru ihghudo jryhuqphqw mrev1 Kh �qgv wkdw wkh qxpehu ri

phq +zrphq, zkr vhhn iru vxfk mrev lv 518 +9, wlphv wkh qxpehu ri srvlwlrqv dydlodeoh1

Euxqhool dqg Fr{ +4<<5, fodlp wkdw wkh dyhudjh whqxuh ri qrq0plolwdu| ihghudo jryhuqphqw
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zrunhuv lv dssur{lpdwho| wkuhh wlphv wkdw ri sulydwh vhfwru zrunhuv dqg xvh wklv dv lqgluhfw

hylghqfh iru wkh idfw wkdw ihghudo zrunhuv duh ryhusdlg1 Zkloh Orqj +4<;5, �qgv vwurqj

hylghqfh iru orz txlw udwhv lq wkh sxeolf vhfwru/ Lssrolwr +4<;:, suhvhqwv d glvvhqwlqj ylhz

dqg fodlpv wkdw/ rqfh rqh frqwurov iru wkh gl�huhqw shqvlrq v|vwhpv/ wkh wxuqryhu iru XV

ihghudo hpsor|hhv lv qrw vljql�fdqwo| gl�huhqw iurp wkh wxuqryhu lq wkh sulydwh vhfwru1

Wr uhfdslwxodwh/ wkuhh vw|ol}hg idfwv hphujh iurp wkh olwhudwxuh flwhg deryh= +l, Wkhuh lv d

uhqw dvvrfldwhg zlwk sxeolf vhfwru mrev= sxeolf vhfwru zrunhuv uhfhlyh erwk kljkhu zdjhv dqg

kljkhu qrq0zdjh frpshqvdwlrq1 +ll, Wkh zdjh suhplxp lv kljkhu iru zrphq wkdq lw lv iru

phq1 +lll, Wkh suhplxp lv lqyhuvho| fruuhodwhg zlwk hduqlqjv +dqg lw pd| ehfrph d shqdow|

iru kljk hduqhuv,1 Wkh uhpdlqlqj sduw ri wkh sdshu zloo suhvhqw d prgho wkdw h{sodlqv wkh

suhvhqfh ri d sxeolf vhfwru zdjh suhplxp1 Wklv prgho zloo dovr suryh wr eh frqvlvwhqw zlwk

wkh vhfrqg dqg wklug vw|ol}hg idfwv glvfxvvhg deryh1

6 Wkh Prgho

Wklv vhfwlrq exlogv d vlpsoh jhqhudo htxloleulxp prgho zlwk d sxeolf dqg d sulydwh vhfwru1

Wkh prgho lv exlow zlwklq d vwdqgdug Vkdslur dqg Vwljolw} +4<;7, h!flhqf| zdjh vhwwlqj/ rqo|

wkh vwhdg| vwdwh surshuwlhv ri wkh prgho zloo eh dqdo|}hg1 L dvvxph wkdw hpsor|huv fdqqrw

shuihfwo| prqlwru wkh zrunhuv* ohyho ri h�ruw/ wkh rqo| gl�huhqfh ehwzhhq wkh sulydwh vhfwru

dqg wkh sxeolf vhfwru lv wkdw wkh odwwhu �qgv lw kdughu wr �uh ru od| r� lwv hpsor|hhv1 Wkh

sdshu vkrzv wkdw/ zlwklq d vwdqgdug h!flhqf| zdjh prgho/ wkh gl�huhqfh lq wkh delolw| ri

�ulqj hpsor|hhv lv wkh rqo| dvvxpswlrq uhtxluhg wr jhqhudwh d sxeolf vhfwru zdjh suhplxp1

Vhfwlrq 7 lqwurgxfhv wzr w|shv ri zrunhuv +wkh �jrrg� dqg wkh �edg� zrunhuv, dqg vkrzv

wkdw wkh suhvhqfh ri d suhplxp lv urexvw wr d vlwxdwlrq zkhuh wkh sulydwh vhfwru kdv d ehwwhu

vhohfwlrq ghylfh vr wkdw zrunhuv kluhg wkhuh duh pruh surgxfwlyh wkdq zrunhuv kluhg lq wkh

sxeolf vhfwru1

Wkh dvvxpswlrq wkdw wkh sxeolf vhfwru �qgv lw kdughu wr �uh zrunhuv uh hfwv wkh uhdo

zruog frqvwudlqwv idfhg e| wkh sxeolf vhfwru1 Wkhvh frqvwudlqwv duh riwhq ghwhuplqhg e|

wkh srolwlfdo srzhu ri xqlrqv uhsuhvhqwlqj sxeolf vhfwru zrunhuv1 Wkhuh lv ydvw hpslulfdo

hylghqfh wkdw vwurqj sxeolf vhfwru xqlrqv duh dvvrfldwhg zlwk kljk qrq0zdjh frpshqvdwlrq

dqg wkdw wkh xqlrq2qrq xqlrq hduqlqj gl�huhqwldo lv vwurqjhu iru wkh sxeolf vhfwru wkdq iru

;



wkh sulydwh vhfwru +Juhjru| dqg Eruodqg/ 4<<:,1

Dowkrxjk wkh prgho ri wklv sdshu rqo| frqvlghuv �ulqj frqvwudlqwv rqh vkrxog nhhs lq

plqg wkdw wkh sxeolf vhfwru lv jhqhudoo| qrw deoh wr xvh d ixoo sdfndjh ri lqfhqwlyhv wkdw lv

dydlodeoh wr wkh sulydwh vhfwru1 Xqlrqv gr qrw rqo| olplw wkh sxeolf vhfwru*v delolw| wr �uh

ru od| r� zrunhuv exw dovr olplw wkh ryhudoo delolw| ri wkh sxeolf vhfwru wr pdqdjh lwv rzq

shuvrqqho e| lpsrvlqj frqvwudlqwv rq phulw0edvhg fduhhu dgydqfhphqwv dqg rq surprwlrqv

wkdw duh qrw edvhg rq vhqlrulw| fulwhuld1 Wkh qdwxudo lqwhusuhwdwlrq ri wkh sdudphwhu � +xvhg

ehorz wr fdswxuh wkh �ulqj frqvwudlqw idfhg e| wkh sxeolf vhfwru, vkrxog wkhq eh wkh ryhudoo

lqdelolw| ri wkh sxeolf vhfwru wr r�hu lqfhqwlyhv wr lwv zrunhuv1 Zkloh wklv sdshu devwudfwv

iurp wkh srolwlfdo surfhvv/ lw vkrxog eh nhsw lq plqg wkdw wkh vwuxfwxuh ri wkh srolwlfdo v|vwhp

lv yhu| lpsruwdqw lq ghwhuplqlqj wkh srzhu ri wkh sxeolf vhfwru xqlrqv +dqg khqfh wkh vl}h

ri �,1 Lq sduwlfxodu/ odujh sxeolf vhfwruv dqg zhdn dqg2ru lqvwdeoh srolwlfdo frdolwlrqv duh

olnho| wr eh dvvrfldwhg zlwk srzhuixo sxeolf vhfwru xqlrqv17

614 Oderu Vxsso|

Wkh oderu irufh lv qrupdol}hg wr 41 Zrunhuv rewdlq xwlolw| iurp wkhlu zdjh dqg glvolnh h�ruw1

Irupdoo|/ wkh shulrg0w xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh zrunhu lv jlyhq e|=

X| @ z�c| �H|> +4,

z�c| lv wkh zdjh sdlg e| �up l lq shulrg w dqg H lv wkh glvxwlolw| iurp h�ruw1 Hdfk zrunhu

kdv d vxemhfwlyh glvfrxqw udwh u +htxdo wr wkh lqwhuhvw udwh, dqg pd{lpl}hv Y = wkh h{shfwhg

suhvhqw ydoxh ri wkh xwlolw| ixqfwlrqv ghvfulehg lq Htxdwlrq +4,1 Vlqfh doo �upv lq wkh sulydwh

vhfwru duh lghqwlfdo +wkh rqo| gl�huhqfh lv ehwzhhq sxeolf dqg sulydwh vhfwruv,/ iurp qrz rq

wkh vxevfulsw l zloo eh gursshg1

Oderu lv wkh rqo| lqsxw lq wkh surgxfwlrq surfhvv1 Wkh surgxfwlrq ixqfwlrq lv jlyhq e|

KI +O,1 I lv d vwdqgdug surgxfwlrq ixqfwlrq zlwk I � A 3/ I �� ? 3/ dqg I ��O . I � � 31

KO lv wkh dprxqw ri kxpdq fdslwdo0dxjphqwhg oderu xvhg lq wkh surgxfwlrq surfhvv +K

phdvxuhv kxpdq fdslwdo shu zrunhu dqg O wkh qxpehu ri zrunhuv,18 Wkh ohyho ri h�ruw fdq

7Dq dowhuqdwlyh lqwhusuhwdwlrq ri w lv wkdw wkh sxeolf vhfwru idfhv kljkhu prqlwrulqj frvwv1
8 Lqwurgxflqj kxpdq fdslwdo lq d qrq0olqhdu idvklrq +l1h1/ prgli|lqj wkh surgxfwlrq ixqfwlrq wr eh= 8 EMu�,

zrxog qrw fkdqjh wkh edvlf uhvxowv ri wkh sdshu1
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wdnh wzr ydoxhv/ H @ 3 li qr h�ruw lv vxssolhg +l1h1/ li wkh zrunhu vklunv, dqg H A 3 li wkh

zrunhu grhv qrw vklun1 Zrunhuv zkr vklun gr qrw surgxfh dq|wklqj dqg srvvleo| ghfuhdvh

wkh surgxfwlylw| ri wkh zrunhuv zkr gr qrw vklun +Nuhphu/ 4<<6,1

Dq hpsor|hh fdq orvh khu mre iru wzr uhdvrqv= +l, li fdxjkw vklunlqj dqg +ll, iru dq

h{rjhqrxv vhsdudwlrq udwh1 Wkhvh wzr hohphqwv ghwhuplqh wkh  rz lqwr xqhpsor|phqw1

Lq wkh sulydwh vhfwru wkh suredelolw| ri ehlqj fdxjkw li rqh vklunv lv t dqg wkh h{rjhqrxv

vhsdudwlrq udwh lv e1 Wkh fruuhvsrqglqj phdvxuhv iru wkh sxeolf vhfwru duh �t dqg �e1

� 5 ^3> 4` fdswxuhv doo wkh srolwlfdo frqvwudlqwv wkdw pdnh �ulqj gl!fxow iru wkh sxeolf vhfwru1

Zkhq � lv htxdo wr 4 wkhuh lv qr gl�huhqfh ehwzhhq wkh sxeolf dqg wkh sulydwh vhfwru1 Zh

fdq wkhq lqwhusuhw +4� �, dv wkh dgglwlrqdo +zlwk uhvshfw wr wkh sulydwh vhfwru, �ulqj frvwv

idfhg e| wkh sxeolf vhfwru1

L vwduw e| vwxg|lqj wkh ghflvlrq sureohp ri d zrunhu hpsor|hg lq wkh sulydwh vhfwru

+iurp qrz rq/ wkh sulydwh vhfwru zloo eh odehoohg e| s dqg wkh sxeolf vhfwru e| j,1 D zrunhu

zkr vklunv rewdlqv xwlolw| iurp khu zdjh soxv wkh glvfrxqwhg ydoxh ri wkh xwlolw| iurp

ehlqj xqhpsor|hg +Y�, wlphv wkh suredelolw| ri ehlqj xqhpsor|hg +jlyhq e| wkh suredelolw|

ri ehlqj fdxjkw vklunlqj soxv wkh h{rjhqrxv vhsdudwlrq udwh, soxv wkh xwlolw| iurp ehlqj

hpsor|hg dqg vklunlqj +YrR,1 Lq vwhdg| vwdwh/ d zrunhu zkr �qgv lw rswlpdo wr vklun lq wkh

suhvhqw shulrg zloo �qg lw rswlpdo wr vklun lq doo ixwxuh shulrgv +wkh sureohp vkh idfhv lv

wkh vdph lq hdfk shulrg,1 Khqfh wkh xwlolw| ixqfwlrq ri d vklunhu lv jlyhq e|=

Y R
r @ zR . +4 . u,3�i+e. t,Y� . ^4� +e. t,`Y R

r j= +5,

Qrz ohw xv orrn dw wkh xwlolw| ixqfwlrq ri d zrunhu zkr grhv qrw vklun=

Y R
?r @ zR �H . +4 . u,3�ieY� . +4� e,Y R

?rj= +6,

Qrwh wkdw wkh suredelolw| ri ehlqj �uhg lv orzhu lq +6, +t grhv qrw dsshdu lq wkh htxdwlrqv,

ehfdxvh wkh zrunhu grhv qrw vklun1 Wkh xwlolw| ixqfwlrqv iru wkh sxeolf vhfwru duh vlplodu wr

wkh rqhv ri Htxdwlrqv +5, dqg +6,/ exw qrz wkh suredelolw| ri ehlqj �uhg lv pxowlsolhg e| �1

D sxeolf vhfwru zrunhu zkr vklunv zloo wkhuhiruh rewdlq wkh iroorzlqj xwlolw|=

Y }
r @ z} . +4 . u,3�i�+e. t,Y� . ^4� �+e. t,`Y }

r j= +7,
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D sxeolf vhfwru zrunhu zkr grhv qrw vklun zloo ghulyh wkh iroorzlqj xwlolw|=

Y }
?r @ z} �H . +4 . u,3�i�eY� . +4� �e,Y }

?rj= +8,

Htxdwlrqv +5,/ dqg +6, fdq eh uhduudqjhg wr |lhog wkh iroorzlqj=

Y R
r @

zR+4 . u,

u . e. t
.

e. t

u. e. t
Y�> +9,

Y R
?r @

+zR �H,+4 . u,

u . e
.

e

u . e
Y�> +:,

dqg Htxdwlrqv +7,/ dqg +8, fdq eh uhduudqjhg wr |lhog wkh iroorzlqj=

Y }
r @

z}+4 . u,

u. �+e. t,
.

�+e. t,

u . �+e. t,
Y�> +;,

Y }
?r @

+z} �H,+4 . u,

u . �e
.

�e

u. �e
Y�= +<,

615 Htxloleulxp Zdjh dqg Oderu Ghpdqg

Vlqfh d zrunhu zkr vklunv grhv qrw surgxfh dq| rxwsxw dqg pd| lqwhuihuh lq wkh surgxfwlrq

surfhvv d�hfwlqj wkh surgxfwlylw| ri zrunhuv zkr gr qrw vklun +Nuhphu/ 4<<6,/ hpsor|huv

qhhg wr �qg d zd| wr suhyhqw zrunhuv iurp vklunlqj1 Wklv fdq eh grqh e| vhwwlqj wkh zdjh

dw d ohyho wkdw vdwlv�hv wkh iroorzlqj frqglwlrq= Yr��o& � Y?Jr��o&/ l1h1/ wkh zdjh qhhgv wr eh

kljk hqrxjk vr wkdw wkh xwlolw| rewdlqhg iurp vklunlqj lv qrw kljkhu wkdq wkh xwlolw| ghulyhg

iurp zrunlqj kdug1 Khqfh/ wkh sulydwh dqg sxeolf vhfwruv zloo qhhg wr sd| zdjhv wkdw vdwlvi|

wkh iroorzlqj frqglwlrqv=

Y R
r @

zR+4 . u,

u. e. t
.

e. t

u . e. t
Y� � +zR �H, +4 . u,

u. e
.

e

u . e
Y� @ Y R

?r> +43,

Y }
r @

z}+4 . u,

u . �+e. t,
.

�+e. t,

u . �+e. t,
Y� � +z} �H, +4 . u,

u . �e
.

�e

u . �e
Y� @ Y }

?r= +44,

Vlqfh wkh hpsor|huv gr qrw zdqw wr jlyh dq| h{wud uhqw wr wkh zrunhuv wkh| zloo fkrrvh

d zdjh wkdw vdwlv�hv +43, dqg +44, dv htxdolw|1 vroylqj Htxdwlrqv +43, dqg +44, iru wkh

uhvshfwlyh zdjhv/ zh rewdlq=

zR @
u

4 . u
Y� .H

�
4 .

u . e

t

�
> +45,

z} @
u

4 . u
Y� .H

�
4 .

u . �e

�t

�
= +46,
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Wkh qh{w vwhs lv wr hydoxdwh wkh xwlolw| ri ehlqj xqhpsor|hg1 Lq hdfk shulrg dq xq0

hpsor|hg zrunhu zloo uhfhlyh d mre r�hu iurp wkh sulydwh vhfwru zlwk suredelolw| } dqg dq

r�hu iurp wkh sxeolf vhfwru zlwk suredelolw| x19 Wkh ydoxh ri ehlqj xqhpsor|hg lv wkhuhiruh

jlyhq e| wkh suhvhqw ydoxh ri wkh suredelolw| ri ehlqj r�huhg d sxeolf vhfwru mre lq wkh

qh{w shulrg wlphv wkh xwlolw| ghulyhg irup ehlqj hpsor|hg e| wkh sxeolf vhfwru soxv wkh

suredelolw| ri ehlqj r�huhg d sulydwh vhfwru mre wlphv wkh xwlolw| ghulyhg iurp zrunlqj iru

wkh sulydwh vhfwru1 Wr wklv zh qhhg wr dgg wkh xwlolw| ri ehlqj xqhpsor|hg dqg qrw ehlqj

r�huhg dq| mre1 Irupdoo|=

Y� @ +4 . u,3� ^}Y R
?r . xY }

?r . +4� } � x,Y�` = +47,

Soxjjlqj Htxdwlrqv +:, dqg +<, lqwr +47, dqg vroylqj iru Y� |lhogv wkh xwlolw| iurp ehlqj

xqhpsor|hg=

Y� @
+4 . u, ^} +zR �H, +u. �e, . x +z} �H, +u. e,`

u^+u . e,+u . �e. x, . }+u. �e,`
= +48,

Vxevwlwxwlqj Htxdwlrq +48, lqwr Htxdwlrqv +45, dqg +46, dqg vroylqj iru wkh sxeolf dqg

sulydwh vhfwruv zdjhv |lhogv=

z} @ H

�
4 .

xu+4� �,

+u . �e,�t
.

+u . e,+u . �e. x, . }+u . �e,

+u . �e,t
.

u+4� �,

�t

�
> +49,

zR @ H

�
4 .

xu+4� �,

+u. �e,�t
.

+u . e,+u. �e. x, . }+u. �e,

+u. �e,t

�
= +4:,

Qrwlfh wkdw dowkrxjk zh duh vwloo dw d sduwldo htxloleulxp ohyho zh fdq douhdg| qrwh d gli0

ihuhqfh ehwzhhq wkh zdjhv sdlg e| wkh sxeolf dqg sulydwh vhfwruv1 Wkh odvw whup lq Htxdwlrq

+49, lv wkh sxeolf vhfwru zdjh suhplxp1 Wklv uhvxow ghshqgv rq wkh dvvxpswlrq wkdw wkh

sxeolf vhfwru idfhv wkh vdph gl!fxow| lq od|lqj r� dqg �ulqj shrsoh +l1h1 erwk e dqg t duh

pxowlsolhg e| wkh vdph frh!flhqw �,1 Li wkh h{rjhqrxv vhsdudwlrq udwh iru wkh sxeolf vhfwru

zhuh �e lqvwhdg ri �e wkhq Htxdwlrq +7, zrxog ehfrph Y }
r @ z} . tE�Knw^�T�nd�3E�Knw^�oTr}�

E�no�

dqg d qhfhvvdu| frqglwlrq iru wkh suhvhqfh ri d sxeolf vhfwru zdjh suhplxp zrxog eh=

� A � � oE�3w�
K

1 Lq rwkhu zrugv/ dv orqj dv wkh frvw ri od|lqj r� shrsoh +l1h1/ +4� �,, lv qrw

pxfk kljkhu wkdq wkh frvw ri �ulqj shrsoh zkr vklun +l1h1/ +4 � �,, zh zloo vwloo revhuyh d

sxeolf vhfwru zdjh suhplxp1

9� dqg 5 duh zkdw Vkdslur dqg Vwljolw} +4<;7, fdoo wkh dffhvvlrq udwh1
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Wkh sulydwh vhfwru zloo kluh shrsoh xqwlo wkh zdjh sdlg lv htxdo wr wkh diwhu wd{hv pdujlqdo

surgxfwlylw| ri oderu=

zR @ KI �+
OR

q
,+4� �,= +4;,

Zkhuh OR lv wkh qxpehu ri zrunhuv hpsor|hg lq wkh sulydwh vhfwru/ � wkh wd{ udwh/ dqg q

wkh qxpehu ri �upv1

Wkh ghpdqg iru oderu lq wkh sxeolf vhfwru lv ghwhuplqhg e| wkh jryhuqphqw exgjhw

frqvwudlqw=

z}O} @ zROR

�
�

4� �

�
= +4<,

Khuh L devwudfw iurp wkh sureohpv uhodwlqj wr wkh ghwhuplqdwlrq ri wkh rswlpdo wd{ udwh1

Odwhu lw zloo eh vkrzq wkdw li � lv fkrvhq wr pd{lpl}h hpsor|phqw/ wd{dwlrq zloo kdyh qr

h�hfw rq wkh sxeolf vhfwru zdjh suhplxp1

616 Jhqhudo Htxloleulxp

Lq vwhdg| vwdwh/ wkh  rz lq dqg rxw ri wkh oderu pdunhw qhhgv wr eh wkh vdph vr= eOR @

}^4� O`/ �eO} @ x^4� O`/ dqg O @ OR . O}1 Iurp wkhvh htxdwlrqv zh fdq ghulyh=

} @
eO

4� O
� x

�
= +53,

Vxevwlwxwlqj +53, lqwr +4:, |lhogv=

zR @ H

�
4 .

eO

+4� O,t
.

u . e

t

�
= +54,

Vroylqj iru wkh sxeolf vhfwru zdjh/ zh rewdlq wkh iroorzlqj htxdwlrq=

z} @ H

�
4 .

eO

+4� O,t
.

u . e

t
.

u+4� �,

�t

�
= +55,

Htxdwlrq +54, lv lghqwlfdo wr wkh �qr vklunlqj frqvwudlqw� ri Vkdslur dqg Vwljolw} +4<;7,

dqg lw vd|v wkdw wkh orzhu lv xqhpsor|phqw wkh kljkhu lv wkh whpswdwlrq wr vklun dqg

wkhuhiruh wkh kljkhu wkh zdjh wkdw qhhgv wr eh sdlg1

E| pdqlsxodwlqj Htxdwlrq +53, dqg vroylqj iru x dqg } lw lv srvvleoh wr ghulyh dq

htxdwlrq iru hpsor|phqw lq wkh sulydwh vhfwru= OR @ �+O> u> � > �> t> e> q>H>K,1 Lw lv vkrzq

lq wkh dsshqgl{ wkdw= �u A 3/ �� ? 3/ �w ? 3/ �o A 3/ �^ ? 3/ �K A 3/ �? ? 3/ �. A 3/
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dqg �M ? 31 Vxevwlwxwlqj OR @ �+O> u> � > �> t> e> q>H>K, dqg Htxdwlrq +54, lqwr Htxdwlrq

+4;, |lhogv=

H

�
4 .

eO

+4� O,t
.

u. e

t

�
@ KI �

�
�+O> u> � > �> t> e> q>H>K,

q

�
+4� �,= +56,

Htxdwlrq +56, lpsolflwo| gh�qhv djjuhjdwh oderu ghpdqg dv d ixqfwlrq ri doo h{rjhqrxv

yduldeohv= O+u> � > �> t> e> q>H>K,1 E| frpsxwlqj lpsolflw ghulydwlyhv lw lv hdv| wr vkrz wkdw=

Oo ? 3/ Ow A 3/ O^ A 3/ OK ? 3/ O. ? 3/ dqg OM A 31 Lw fdq dovr eh vkrzq wkdw O� 0 3> dq

lqfuhdvh lq wkh wd{ udwh zloo ghfuhdvh wkh qxpehu ri sulydwh vhfwru zrunhuv +ehfdxvh �� ? 3,

exw pd| lqfuhdvh wkh qxpehu ri sxeolf vhfwru zrunhuv1 Wkh �qdo h�hfw rq hpsor|phqw zloo

ghshqg rq zklfk ri wkhvh wzr idfwruv grplqdwhv1

Wkh sxeolf vhfwru zdjh suhplxp fdq qrz eh gh�qhg dv wkh udwlr ehwzhhq wkh sxeolf

dqg sulydwh vhfwru zdjhv=


 @
z}

zR
@ 4 .

u+4� �, +4� O+u> � > �> t> e> q>H>K,,

� ^+t . u, +4� O+u> � > �> t> e> q>H>K,, . e`
� 4= +57,

Lw lv vwudljkwiruzdug wr vkrz wkdw= 
o A 3/ 
� 0 3/ 
w ? 3/ 
^ ? 3/ 
K A 3/ 
. ? 3/

dqg 
M ? 31 Frxqwulhv zlwk d kljkhu lqwhuhvw udwh/ d kljkhu shufhqwdjh ri shrsoh zlwk

orz surgxfwlylw|/ dqg kljkhu prqlwrulqj frvwv +khqfh orz t, zloo kdyh d odujhu sxeolf vhfwru

zdjh suhplxp1

Gxh wr d vwdqgdug Od�hu fxuyh dujxphqw/ dq lqfuhdvh lq wd{dwlrq kdv dq dpeljxrxv

h�hfw rq wkh zdjh suhplxp1 Li wkh sxeolf vhfwru fkrrvhv d ydoxh ri � wkdw lv ehorz wkh rqh

wkdw pd{lpl}hv hpsor|phqw wkhq O� A 3 dqg 
� ? 31 Wkh rssrvlwh zloo eh wuxh li � lv vhw

deryh lwv hpsor|phqw pd{lpl}lqj ohyho1 Li � lv fkrvhq wr pd{lpl}h hpsor|phqw O� @ 3

dqg 
� @ 31

Sduwlfxoduo| lqwhuhvwlqj lv wkh h�hfw ri � rq wkh sxeolf vhfwru zdjh suhplxp1 Qrwlfh

wkdw � lv wkh sdudphwhu wkdw fdswxuhv wkh uhodwlyh +zlwk uhvshfw wr wkh sulydwh vhfwru, delolw|

ri wkh sxeolf vhfwru wr vroyh lwv sulqflsdo djhqw sureohp1 Zkhq � @ 4/ wkh sxeolf dqg

sulydwh vhfwruv duh lghqwlfdo dqg �}

�R @ 41 Khqfh/ � lv dq lghdo remhfwlyh phdvxuh ri wkh

h!flhqf| ri wkh sxeolf vhfwru1 Wklv lv dq lpsruwdqw uhvxow1 Zkloh vxemhfwlyh phdvxuhv ri wkh

h!flhqf| ri wkh sxeolf vhfwru duh zlgho| dydlodeoh/ wr wkh ehvw ri p| nqrzohgjh/ wkhuh duh

qr remhfwlyh phdvxuhv ri wkh h!flhqf| ri wkh sxeolf vhfwru1 Vxemhfwlyh phdvxuhv duh olnho|
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wr eh lq xhqfhg e| wkh frxqwu|*v ohyho ri ghyhorsphqw dqg wkhuhiruh/ zkhq xvhg lq jurzwk

uhjuhvvlrqv/ pd| jlyh ulvh wr d vhulrxv hqgrjhqhlw| sureohp1 Xvlqj d sur{| ri � +l1h1/ wkh

sxeolf vhfwru zdjh suhplxp, pd| vroyh wklv hqgrjhqhlw| sureohp1

Vhfwlrq 5 glvfxvvhg wkdw wkh sxeolf vhfwru zdjh suhplxp whqgv wr eh kljkhu iru zrphq1

Wklv revhuydwlrq lv frqvlvwhqw zlwk rqh lpsolfdwlrq ri wkh prgho suhvhqwhg lq wklv sdshu1

E| ghulylqj Htxdwlrq +57, lw lv srvvleoh wr vkrz wkdw wkh suhplxp lv srvlwlyho| fruuhodwhg

zlwk xqhpsor|phqw +l1h1/ 
u ? 3,1 Dowkrxjk wklv sdshu grhv qrw gl�huhqwldwh ehwzhhq

pdoh dqg ihpdoh zrunhuv/ lw lv zhoo nqrzq wkdw ihpdoh xqhpsor|phqw lv kljkhu wkdq pdoh

xqhpsor|phqw dqg/ zlwklq wkh prgho ri wklv sdshu/ wklv fdq h{sodlq zk| d kljkhu suhplxp

lv sdlg wr zrphq1

Wkh prgho lv dovr frqvlvwhqw zlwk wkh wklug vw|ol}hg idfw glvfxvvhg lq Vhfwlrq 5/ qdpho|

wkdw wkh suhplxp ghfuhdvhv zlwk vnloov1 Vlqfh 
M ? 3 dq lqfuhdvh lq wkh ohyho ri kxpdq

fdslwdo ohdgv wr d ghfuhdvh lq xqhpsor|phqw dqg eulqjv derxw d orzhu suhplxp1 Lw vkrxog

eh srlqwhg rxw wkdw wkh prgho dozd|v suhglfwv d srvlwlyh suhplxp dqg khqfh fdqqrw h{sodlq

zk|/ iru kljk ohyhov ri vnloov/ wkh suhplxp ehfrphv qhjdwlyh1

Dv surplvhg/ wkh vlpsoh prgho ri wklv vhfwlrq surylghv dq h{sodqdwlrq iru wkh wkuhh

vw|ol}hg idfwv looxvwudwhg lq Vhfwlrq 51 Wkh qh{w vhfwlrq zloo vkrz wkdw wkh suhplxp shuvlvwv

hyhq li wkh sulydwh vhfwru lv deoh wr kluh d ehwwhu srro ri zrunhuv1

7 Vr/ Zk| Gr Od}| Shrsoh Pdnh Pruh Prqh|B

Vr idu L glvfxvvhg wkh uhdvrqv zk| wkh sxeolf vhfwru sd|v pruh wkdq wkh sulydwh vhfwru exw/

L glg qrw vkrz zk| �dv fodlphg lq wkh wlwoh ri wkh sdshu� od}| shrsoh pdnh pruh prqh|1

Lq idfw/ wkh sdshu dvvxphv wkdw doo zrunhuv duh wkh vdph dqg grhv qrw hyhq frqvlghu wkh

h{lvwhqfh ri od}| shrsoh1 Wklv vhfwlrq vkrzv wkdw wkh suhvhqfh ri d sxeolf vhfwru suhplxp

lv urexvw wr dq h{whqvlrq zkhuh wkhuh duh wzr w|shv ri zrunhuv +wkh �jrrg� dqg wkh �edg�

zrunhuv, dqg wkh sulydwh vhfwru kdv d ehwwhu vhohfwlrq ghylfh wr lghqwli| wkh zrunhu w|sh1

Wkhuh duh wzr idfwruv wkdw ghwhuplqh wkh w|sh ri dq hpsor|hh= dwwlwxgh wrzdug zrun dqg

surgxfwlylw|1 D zrunhu pd| eh edg ehfdxvh vkh glvolnhv h�ruw pruh wkdq d jrrg zrunhu/ dqg

khqfh zrxog uhtxluh d kljkhu zdjh lq rughu wr vxsso| wkh qhfhvvdu| h�ruw1 Dowhuqdwlyho|/

d zrunhu pd| eh edg ehfdxvh kh lv ohvv surgxfwlyh wkdq d jrrg zrunhu +l1h1/ surgxfhv ohvv
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rxwsxw iru hdfk xqlw ri h�ruw,1 Irupdoo| d jrrg zrunhu zloo kdyh wkh iroorzlqj xwlolw| dqg

surgxfwlrq ixqfwlrqv=

X , @ z� � �H> +58,

\ @ KI +O,> +59,

zkhuhdv d edg zrunhu zloo kdyh wkh iroorzlqj xwlolw| dqg surgxfwlrq ixqfwlrqv=

X , @ z� �H> +5:,

\ @ �KI +O,= +5;,

Wkh gl�huhqfh ehwzhhq wkh wzr w|shv ri zrunhuv lv fdswxuhg e| wkh sdudphwhuv � dqg

�1 � ? 4/ lqglfdwh wkdw jrrg zrunhuv glvolnh h�ruw ohvv wkdq edg zrunhuv dqg � ? 4 lqglfdwh

wkdw jrrg zrunhuv duh pruh surgxfwlyh wkdq edg zrunhuv1 Wkh uhvxowv ri wklv vhfwlrq gr qrw

fkdqjh li L dvvxph wkdw jrrg dqg edg zrunhuv gl�hu rqo| lq wkhlu xwlolw| ixqfwlrq +zklfk lv

htxlydohqw wr vhwwlqj � htxdo wr rqh, ru gl�hu rqo| lq wkhlu surgxfwlylw| +zklfk lv htxlydohqw

wr vhwwlqj � htxdo wr rqh,1

Li L dvvxph wkdw erwk vhfwruv gr qrw kdyh d phfkdqlvp wr glvfulplqdwh jrrg zrunhuv

iurp edg zrunhuv L rewdlq uhvxowv zklfk duh lghqwlfdo wr wkh rqhv ri wkh suhylrxv vhfwlrq1

Vlqfh wkh sxusrvh ri wklv vhfwlrq lv wr vkrz wkdw wkh suhplxp shuvlvwv hyhq zkhq �upv lq wkh

sulydwh vhfwru duh deoh wr kluh ehwwhu zrunhuv/ L zloo qrz dvvxph wkdw wkh sulydwh vhfwru kdv

d vfuhhqlqj whfkqrorj| wkdw hqdeoh �upv wr lghqwli| d iudfwlrq � 5 ^3> 4, ri wkh edg zrunhuv/

zkhuhdv wkh sxeolf vhfwru lv qrw deoh wr lghqwli| wkh w|sh ri zrunhuv1: Wklv dvvxpswlrq lv

mxvwl�hg e| wkh klulqj sudfwlfh ri wkh sxeolf vhfwru1 Lq pdq| frxqwulhv sxeolf vhfwru zrunhuv

duh kluhg wkurxjk phwkrgv zkrvh rxwfrph lv pruh fruuhodwhg zlwk qhsrwlvp ru fruuxswlrq

wkdq zlwk wkh vnloov ri wkh dssolfdqwv1 Srru vfuhhqlqj ri dssolfdqwv lv dovr frpprq lq

frxqwulhv zlwk uhodwlyho| prghuq dqg h!flhqw exuhdxfudflhv1 Edoorx +4<<9, �qgv wkdw XV

:D �up lq wkh sulydwh vhfwru zloo qhyhu pdnh wkh plvwdnh wr wklqn wkdw d jrrg zrunhu lv d edg zrunhu
exw fdq pdnh wkh rssrvlwh plvwdnh zlwk suredelolw| E�3 b��

49



sxeolf vfkrrov xqghuydoxh frjqlwlyh vnloov dqg nqrzohgjh ri wkh vxemhfw wr eh wdxjkw zkhq

wkh| vfuhhq dssolfdqwv iru whdfklqj srvlwlrqv1 Lq vrph fdvhv wkhuh duh vshfl�f odzv wkdw dlp

dw suhyhqwlqj glvfulplqdwlrq e| qrw doorzlqj wkh sxeolf vhfwru wr xvh lpsruwdqw lqirupdwlrq

wkdw fdq eh lqvwhdg h{sorlwhg e| sulydwh vhfwru �upv1;

Wkh prgho dv prgl�hg deryh fdq eh vroyhg zlwk wkh vdph surfhgxuh ri wkh suhylrxv

vhfwlrq1 Vlqfh edg zrunhuv glvolnh h�ruw pruh wkdq wkh jrrg rqhv/ li wkh iruphu gr qrw vklun

qrerg| vklunv1 Hpsor|huv zloo wkhq dsso| wkh qr0vklunlqj frqvwudlqw wr wkh edg hpsor|hhv

rqo|1 Li wkh odwwhu kdyh d orzhu suredelolw| ri ehlqj kluhg e| wkh sulydwh vhfwru/ wkhlu xwlolw|

iurp ehlqj xqhpsor|hg +Htxdwlrq +47, ri Vhfwlrq 6, ehfrphv=

Y ,
� @ +4 . u,3�

k
+4� �,}Y Rc,

?r . xY }c,
?r . +4� +4� �,} � x,Y ,

�

l
> +5<,

Iroorzlqj wkh vdph vwhsv ri wkh suhylrxv vhfwlrq zh fdq ghulyh wkh qhz yhuvlrqv ri Htxdwlrqv

+54, dqg +55,=

zR @ H

�
4 .

u. e

t
.

e

t+4� O,
^O� �OR`

�
> +63,

z} @ H

�
4 .

u . e

t
.

e

t+4� O,
^O� �OR` .

u+4� �,

�t

�
> +64,

Wkh zdjh gl�huhqwldo ehwzhhq wkh wzr vhfwruv
�
z} �zR @ H oE�3w�

w^

�
lv wkh vdph dv lq

Vhfwlrq 61 Vr/ zkloh qrwklqj kdv fkdqjhg lq wkh zdjh gl�huhqwldo/ wkh vxshulru vfuhhqlqj

whfkqrorj| ri wkh sulydwh vhfwru kdv qrz jhqhudwhg d vlwxdwlrq zkhuh wkh sxeolf vhfwru sd|v

d kljkhu zdjh dqg kdv d kljkhu shufhqwdjh ri edg zrunhuv1 Lq rwkhu zrugv/ od}| shrsoh gr

pdnh pruh prqh| +rq dyhudjh,1

Rqh fdyhdw lv wkdw wkh deryh uhvxow krogv rqo| lq d vlwxdwlrq zkhuh wkhuh duh xqhpsor|hg

jrrg zrunhuv +ixoo hpsor|phqw ri jrrg zrunhuv zrxog ohdg wr dq lq�qlwh h!flhqf| zdjh iru

wkh jrrg zrunhuv,1 Khqfh/ d wljkw oderu pdunhw iru vnloohg zrunhuv pd| h{sodlq zk| wkh|

idfh d sxeolf vhfwru shqdow|1 Li xqhpsor|phqw iru �jrrg� kljko| vnloohg zrunhuv whqgv wr

}hur/ wkh sulydwh vhfwru pd| �qg rswlpdo wr dsso| wkh qr0vklunlqj frqvwudlqw wr wkh jrrg

zrunhuv +lqvwhdg ri dsso|lqj lw wr wkh edg zrunhuv, dqg wklv pd| ohdg wr kljk sulydwh vhfwru

sd|v1

;Rqh h{dpsoh lv wkh ohjdo ydoxh ri wkh vfkrro ghjuhhv hvwdeolvkhg e| wkh Lwdoldq odz1 Xqghu wklv odz wkh
sxeolf vhfwru fdqqrw jlyh gl�huhqw zhljkw wr ghjuhhv hduqhg lq jrrg yhuvxv edg vfkrrov1
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8 Frqfoxvlrq

Jlyhq wkdw sxeolf vhfwru hpsor|phqw r�huv pruh iulqjh ehqh�wv dqg kljkhu mre vhfxulw|/ rqh

zrxog h{shfw sxeolf vhfwru zdjhv wr eh vxevwdqwldoo| orzhu wkdq wkh zdjhv sdlg e| �upv

lq wkh sulydwh vhfwru1 Wklv lv qrw wkh fdvh/ krzhyhu1 Wkhuh lv prxqwlqj hpslulfdo hylghqfh

wkdw vxssruwv wkh iroorzlqj wkuhh revhuydwlrqv= +l, wkhuh lv d sxeolf vhfwru zdjh suhplxp iru

orz vnloohg zrunhuv> +ll, wkh zdjh suhplxp lv kljkhu iru zrphq> dqg +lll, wkh zdjh suhplxp

ghfuhdvhv zlwk vnloov1 Wklv sdshu xvhv d vlpsoh h!flhqf| zdjh prgho wr h{sodlq wkhvh wkuhh

ihdwxuhv ri wkh sxeolf2sulydwh zdjh gl�huhqwldo1 Ixuwkhupruh/ exloglqj rq wkh dvvxpswlrq

wkdw wkh sulydwh vhfwru kdv d ehwwhu whfkqrorj| wr vhohfw lwv zrunhuv/ wkh prgho fdq h{sodlq

wkh Qhzpdq h�hfw= shrsoh zkr glvolnh h�ruw pruh whqg wr kdyh ehwwhu mrev lq whupv ri

kljkhu mre vhfxulw| dqg kljkhu zdjhv1

Rqh ihdwxuh ri wkh gdwd wkdw fdqqrw eh h{sodlqhg e| wklv prgho lv wkdw wkh suhplxp

ehfrphv qhjdwlyh iru kljk ohyhov ri vnloov1 E| lqwurgxflqj fduhhu frqfhuqv lq wkh prgho rqh

vkrxog eh deoh wr vkrz wkdw kljko| surgxfwlyh zrunhuv zloo fkrrvh wkh vhfwru wkdw surplvhv

idvwhu fduhhu dgydqfhphqwv/ hyhq wkrxjk lw sd|v orzhu lqlwldo zdjhv dqg r�huv orzhu mre

vhfxulw|1 Wklv vkrxog jhqhudwh d vlwxdwlrq lq zklfk shrsoh zlwk kljk/ exw qrq phdvxudeoh

vnloov/ duh frqfhqwudwhg lq wkh sulydwh vhfwru +dv irxqg e| Svdfkdusrxorv dqg Yhoh}�v +4<<5,

vwxg| ri uhwxuqv wr LT lq wkh sulydwh dqg sxeolf vhfwruv,1

Wkh prgho frxog dovr eh h{whqg wr h{sodlq wkh �qglqj e| Od Sruwd hw do1 +4<<;, ri

d srvlwlyh fruuhodwlrq ehwzhhq sxeolf vhfwru zdjhv dqg fruuxswlrq1 Li wkh ohyho ri h�ruw lv

dvvxphg wr eh d frqwlqxrxv udwkhu wkdq d glvfuhwh yduldeoh/ wkh h!flhqf| zdjh vroxwlrq

zrxog uhtxluh= Y�
Y.

@ �
.
/ lq rwkhu zrugv/ wkh hodvwlflw| ri wkh zdjh zlwk uhvshfw wr h�ruw lv

htxdo wr rqh1< Vlqfh Y�
Y.

lv ghfuhdvlqj lq �/ d sxeolf vhfwru zlwk vhulrxv lqfhqwlyh sureohpv

+yhu| orz �, zloo eh fkdudfwhul}hg e| d kljk zdjh wr h�ruw udwlr/ dffhswlqj orz ohyhov ri

h�ruw +ru d kljk ohyho ri fruuxswlrq, dqg sd|lqj kljk zdjhv1

Hyhq pruh lqwhuhvwlqj duh wkh srvvleoh dyhqxhv iru hpslulfdo zrun1 Lw zdv srlqwhg rxw lq

wkh sdshu wkdw wkh sxeolf vhfwru zdjh suhplxp frxog eh xvhg wr fuhdwh dq remhfwlyh phdvxuh

ri wkh uhodwlyh h!flhqf| ri wkh sxeolf vhfwru1 Lw zrxog wkhq eh lqwhuhvwlqj wr jhqhudwh d furvv0

< L zrxog olnh wr wkdqn Fdurolqh Ydq Ulmfnhjkhp iru srlqwlqj wklv rxw1

4;



frxqwu| gdwd0vhw ri zdjh suhpld dqg frpsduh lw zlwk wkh dydlodeoh vxemhfwlyh phdvxuhv

sxeolf vhfwru h!flhqf|1 Vxfk d gdwd0vhw frxog dovr eh xvhg wr whvw iru wkh rwkhu hpslulfdo

lpsolfdwlrqv ri wkh prgho/ l1h1/ wkh uhodwlrqvkls dprqj zdjh suhpld/ xqhpsor|phqw/ dqg wkh

ryhudoo  h{lelolw| ri wkh oderu pdunhw +fdswxuhg e| t,1 D odujh gdwd0vhw ri zdjh suhpld frxog

dovr eh xvhixo wr lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq sxeolf vhfwru zdjhv dqg jryhuqphqw

exgjhw gh�flw1

Ilqdoo|/ lw lv zruwk srlqwlqj rxw srlqwlqj rxw wkdw wkh prgho suhvhqwhg lq wklv sdshu

lv exlow rq wkh dvvxpswlrq wkdw wkh sxeolf vhfwru zdqwv wr pd{lpl}h wkh surgxfwlylw| ri

lwv zrunhuv dqg khqfh xvhv d qr0vklunlqj frqvwudlqw1 Li zh dvvxph wkdw wkh sxeolf vhfwru*v

remhfwlyh lv udwkhu wr pd{lpl}h hpsor|phqw +wrohudwlqj vrph vklunlqj, zh zrxog rewdlq wkh

vwdqgdug LPI2Zruog Edqn dvvxpswlrq wkdw orz zdjhv duh dvvrfldwhg zlwk orz txdolw| ri

wkh sxeolf vhfwru1 Wklv sdshu dlphg dw surylglqj d ylhz frqwuduldq wr wkh frpprq zlvgrp/

wkh wuxh ehkdylru ri wkh sxeolf vhfwru suredeo| olhv vrphzkhuh lq ehwzhhq1
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Uhihuhqfhv

^4` Edoorx/ Gdoh +4<<9,/ �Gr Sxeolf Vfkrrov Kluh wkh Ehvw DssolfdqwvB/� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 443= <:04661�

^5` Edugdvl/ Hohqd +4<<;,/ �Glvshuvlrqh vdoduldoh h gl�huhq}ldol uhwulexwlyl= l vhwwrul sxe0

eolfr h sulydwr qhood sulpd phwã ghjol dqql *<3/� lq Fduor Ghoo*Dulqjd +hg1,/ Udssruwr

vxooh uhwulex}lrql 4<<:/ Plodq/ Iudqfr Dqjhol1

^6` Ehjjv/ M1 dqg E1 Fkdspdq +4<;5,/ �Oderu Wxuqryhu Eldv lq HvwlpdwlqjZdjhv/� Uhylhz

ri Hfrqrplfv dqg Vwdwlvwlfv/ :3= 44:04561

^7` Ehoodqwh/ Grq/ dqg Mdphv Orqj +4<;4,/ �Wkh Srolwlfdo Hfrqrp| ri Uhqw0vhhnlqj Vrfl0

hw|= Wkh Fdvh ri Sxeolf Hpsor|hhv dqg wkhlu Xqlrqv/� Mrxuqdo ri Oderu Uhvhdufk/ 5=

40471

^8` Eodqfk rzhu/ Gdylg +4<<9,/ �Wkh Uroh dqg Lq xhqfh ri Wudgh Xqlrqv lq wkh RHFG/�

plphr/ Gduwprxwk Froohjh1

^9` Eudghq/ E1 dqg V1 K|odqg +4<<6,/ �Frvw ri Hpsor|hh Frpshqvdwlrq lq Sxeolf dqg

Sulydwh Vhfwruv/� Prqwko| Oderu Uhylhz/ 449= 470541

^:` Euxqhool/ Vdpxho dqg Zhqghoo Fr{ +4<<5, Dphulfd*v Surwhfwhg Fodvv/ Zdvklqjwrq/

Dphulfdq Ohjlvodwlyh H{fkdqjh Frxqflo1

^;` Glvqh|/ U1/ D1 Jrrgpdq/ D1 Jrvolqj/ dqg F1 Wulqghu +4<<:,/ �Zdjh Ghwhuplqdwlrq lq

wkh Sxeolf dqg Sulydwh Vhfwruv/� plphr/ Lqvwlwxwh iru Ilvfdo Vwxglhv1

^<` Hdvwhuo|/ Zlooldp +4<<;,/ �Wkh Txhvw iru Jurzwk1 Krz zh zdqghuhg wkh wurslfv wu|lqj

wr �jxuh rxw krz wr pdnh srru frxqwulhv ulfk1�/ plphr/ Wkh Zruog Edqn1

^43` Hkuhqehuj/ Urqdog dqg Mrvkxd Vfkzdu} +4<;9,/ �Sxeolf Vhfwru Oderu Pdunhwv/� lq R1

Dvkhqihowhu dqg U1 Od|dug/ hgv1/ Kdqgerrn ri Oderu Hfrqrplfv/ Dpvwhugdp/ Qruwk

Kroodqg1
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^44` Jruqlfn/ Mdqhw dqg Mhuu| Mdfrev +4<<;,/ �Jhqghu/ Wkh Zhoiduh Vwdwh/ dqg Sxeolf

Hpsor|phqw= D Frpsdudwlyh Vwxg| ri Vhyhq Lqgxvwuldol}hg Frxqwulhv/� Dphulfdq

Vrflrorjlfdo Uhylhz/ 96= 9;;0:431

^45` Juhjru|/ Urehuw dqg Mh� Eruodqg +4<<:, �Uhfhqw Ghyhorsphqw lq Sxeolf vhfwru Oderu

Pdunhw/� plphr/ Dxvwudoldq Qdwlrqdo Xqlyhuvlw|1

^46` Kropxqg/ E +4<<6,/ �Zdjh Vhwwlqj lq Sulydwh dqg Sxeolf Vhfwruv lq d Prgho zlwk

Hqgrjhqrxv Jryhuqphqw Ehkdylru/� Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp|/ <=47<0

4951

^47` Lssrolwr/ Ulfkdug +4<;:,/ �Zk| Ihghudo Zrunhuv Grq*w TxlwB/� Mrxuqdo ri Kxpdq

Uhvrxufhv/ 55= 5;405<<1

^48` Ndw}/ Odzuhqfh dqg Dodq Nuxhjhu +4<<4,/ �Fkdqjhv lq wkh Vwuxfwxuh ri Zdjhv lq

wkh Sxeolf dqg Sulydwh Vhfwru/� lq U1 Hkuhqehuj +hg1,/ Uhvhdufk lq Oderu Hfrqrplfv/

Juhhzlfk FQ/ MDL Suhvv1

^49` Nuhphu/ Plfkdho +4<<6,/ �Wkh R0Ulqj Wkhru| ri Hfrqrplf Ghyhorsphqw/� Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 43:= 88408:91

^4:` Nuxhjhu/ Dodq dqg Odzuhqfh Vxpphuv +4<;;,/ �H!flhqf|Zdjhv dqg wkh Lqwhu0lqgxvwu|

Zdjh Vwuxfwxuh/� Hfrqrphwulfd 89= 58<05<61

^4;` Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq|

+4<<;,/ �Wkh Txdolw| ri Jryhuqphqw/� plphr/ Kduydug Xqlyhuvlw|1

^4<` Orqj/ Mdphv +4<;5,/ �Duh Jryhuqphqw Zrunhuv RyhusdlgB Dowhuqdwlyh Hylghqfh/�

Mrxuqdo ri Kxpdq Uhvrxufhv/ 4:= 45604641

^53` Pdxur/ Sdror +4<<8,/ �Fruuxswlrq dqg Jurzwk/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443=

9;40:451

^54` Qxqehuj/ Eduedud/ dqg Mrkq Qhoolv +4<<8,/ �Flylo Vhuylfh Uhirup dqg wkhZruog Edqn/�

Zruog Edqn Glvfxvvlrq Sdshu/ 4941
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^55` Sdql}}d/ Xjr dqg ]khq0zhl Tldqj +4<<<,/ �Vsrlohg Exuhdxfudwv dqg H{sorlwhg Zrphq=

Sxeolf vhfwru suhplxp dqg jhqghu jds lq Odwlq Dphulfd/� plphr/ Lqwhu0Dphulfdq

Ghyhorsphqw Edqn1

^56` Srwhued/ Mdphv dqg Nlp Uxhehq +4<;;,/ �Ilvfdo Lqvwlwxwlrqv dqg Sxeolf Vhfwru Oderu

Pdunhwv/� QEHU Zrunlqj Sdshu/ 998<1

^57` Svdfkdursrxorv/ Jhrujh dqg Hgxdugr Yhoh} +4<<5,/ �Vfkrrolqj/ Delolw|/ dqg Hduqlqj

lq Frorpeld/ 4<;;/� Hfrqrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh/ 731

^58` Txlqq/ Mrvhsk +4<;5,/ �Shqvlrq/ Zhdowk ri Jryhuqphqw/ dqg Sulydwh Vhfwru Zrunhuv/�

Dphulfdq Hfrqrplf Dvvrfldwlrq Sdshuv dqg Surfhhglqjv/ :5= 5;605;:1

^59` Udxfk/ Mdphv dqg Shwhu Hydqv +4<<:, �Exuhdxfudwlf Vwuxfwxuh dqg Exuhdxfudwlf Shu0

irupdqfh lq Ohvv Ghyhorshg Frxqwulhv/� plphr/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

^5:` Vkdslur/ Fduo dqg Mrvhsk Vwljolw} +4<;7,/ �Htxloleulxp Xqhpsor|phqw dv d Glvflsolqh

Ghylfh/� Dphulfdq Hfrqrplf Uhylhz/ :7= 76607771

^5;` Vfkldyr0Fdpsr/ Vdoydwruh/ Jlxolr gh Wrppdvr/ dqg Dplwdekd Pxnkhumhh +4<<:,/ �Dq

Lqwhuqdwlrqdo Vwdwlvwlfdo Vxuyh| ri Jryhuqphqw Hpsor|phqw dqg Zdjhv/� Srolf| Uh0

vhdufk Zrunlqj Sdshuv 4;39/ Zdvklqjwrq GF/ Wkh Zruog Edqn1

^5<` Wdq}l/ Ylwr +4<<7,/ �Fruuxswlrq/ Jryhuqphqwdo Dfwlylwlhv dqg Pdunhwv/� LPIZrunlqj

Sdshu/ <72<<1

^63` Ydq Ulmfnhjkhp/ Fdurolqh dqg Ehdwulfh Zhghu +4<<:,/ �Fruuxswlrq dqg wkh Udwh ri

Whpswdwlrq= Gr Orz Zdjhv lq wkh Flylo Vhuylfh Fdxvh FruuxswlrqB/� LPI Zrunlqj

Sdshu <:2:61

^64` Yhqwl/ Vwhyhq +4<;:,/ �Zdjhv lq wkh Ihghudo dqg Sulydwh Vhfwru/� lq G1 Zlvh +hg1,/

Sxeolf Vhfwru Sd|uroov/ Fklfdjr/ Xqlyhuvlw| ri Fklfdjr Suhvv1
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