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DEVWUDFW

D qryho vfkhph xvlqj vskhulfdo pdqlirogv lv sursrvhg iru wkh vlpxowdqhrxv fodvvl�fdwlrq dqg srvh hvwlpdwlrq ri 60G
remhfwv iurp 50G lpdjhv1 Wkh vskhulfdo pdqlirog lpsrvhv d orfdo wrsrorjlfdo frqvwudlqw rq vdpsohv wkdw duh forvh wr
hdfk rwkhu/ zkloh pdlqwdlqlqj d joredo vwuxfwxuh1 Hdfk qrgh rq wkh vskhulfdo pdqlirog dovr fruuhvsrqgv qlfho| wr d
srvh rq d ylhzlqj vskhuh zlwk 5 ghjuhhv ri iuhhgrp1 Wkh sursrvhg v|vwhp lv dssolhg wr dlufudiw fodvvl�fdwlrq dqg
srvh hvwlpdwlrq1

Nh|zrugv= srvh hvwlpdwlrq/ 60G remhfw/ 50G srvh lpdjh/ suredelolvwlf sulqflsdo vxuidfh/ dlufudiw fodvvl�fdwlrq/
pdqlirog/ vskhulfdo/ lpdjh vlokrxhwwh

41 LQWURGXFWLRQ

Wkh kxpdq ylvlrq v|vwhp lv lqkhuhqwo| wzr0glphqvlrqdo +50G,/ exw lv h{fhswlrqdoo| dghsw dw uhfrjql}lqj 60G remhfwv1
Wklv krogv wuxh/ wr d vrphzkdw ohvvhu h{whqw/ hyhq lq vlwxdwlrqv zkhuh ghswk dqg vkdglqj lqirupdwlrq duh devhqw
+h1j1 uhfrjql}lqj 60G remhfwv edvhg rq wkhlu 50G vlokrxhwwhv,/ lqglfdwlqj wkdw kxpdqv pdnh xvh ri lpsolflw 60G
lqirupdwlrq1 Lq idfw/ lw kdv ehhq vkrzq wkdw kxpdqv rxwshuirup whpsodwh0edvhg fodvvl�huv lq uhfrjql}lqj qryho
+xqvhhq, 50G surmhfwlrqv ri 60G remhfwv/4 zkhq erwk duh wudlqhg rq wkh vdph vhw ri 50G srvh lpdjhv1 Wkxv lw
lv zlwklq uhdvrq wr h{shfw d sdwwhuq uhfrjql}hu rshudwlqj rqo| rq 50G vlokrxhwwhv/ zlwk vxlwdeo| lqfrusrudwhg 60G
fxhv2klqwv/ wr shuirup ehwwhu wkhq rqh zlwkrxw klqwv1

Vxssrvh d 60G remhfw lv rqo| doorzhg wzr ghjuhhv ri iuhhgrp iru urwdwlrq +ljqrulqj urwdwlrq derxw wkh ylhzlqj
d{lv/ l1h1 50G lpdjh sodqh,/ fruuhvsrqglqj wr wkh hohydwlrq dqg urwdwlrq +d}lpxwk, dqjohv/ uhvshfwlyho|/ wkhq hdfk srvh
fdq eh fkdudfwhul}hg e| d 60G yhfwru { rq wkh ylhzlqj vskhuh/ zkhuh n{n @ 41 Hdfk 50G srvh lpdjh fdq eh wkrxjkw
ri dv ehlqj jhqhudwhg e| d fdphud dlphg wrzdugv wkh fhqwhu ri wkh vskhuh dqg wudyhoolqj dorqj wkh orqjlwxghv dqg
odwlwxghv1 Wkh xvxdo zd| lq zklfk kxpdqv ohduq wr uhfrjql}h d 60G remhfw/ wkdw lv/ revhuylqj lw iurp d qxpehu ri
glvwlqfw dqjohv/ fdq eh vhhq dv vhohfwlqj vwudwhjlf orfdwlrqv rq wkh vskhulfdo ylhzlqj vxuidfh1 Irxu vxfk orfdwlrqv duh
vkrzq lq �jxuh 41

Wdnlqj fxhv iurp vkdglqj/ oljkwlqj/ dqg prvw lpsruwdqwo| d uhodwlyho| lqwulfdwh nqrzohgjh ri 60G remhfwv/ d ihz
glvwlqfw ylhzv xvxdoo| vx�fh iru kxpdqv wr _jhw wkh zkroh slfwxuh%1 Rq wkh frqwudu|/ d qhduhvw qhljkeru fodvvl�hu
qrw xwlol}lqj dq| kljk0ohyho 60G vwuxfwxudo lqirupdwlrq qhhgv wr _vhh% doo srvvleoh ylhzv ri wkh remhfw lq rughu wr
uhfrjql}h lw dqg surylgh uholdeoh srvh hvwlpdwhv1 Wklv dssurdfk grhv qrw pdnh xvh ri 60G srvh lqirupdwlrq dqg lv
dovr vhqvlwlyh wr qrlvh dqg vpdoo ghyldwlrqv iurp wkh whpsodwhv1

Lq wklv sdshu/ d jhqhudo srvh hvwlpdwlrq dqg fodvvl�fdwlrq iudphzrun xvlqj vskhulfdo pdqlirogv wkdw srvvhvv qrqh
ri wkh diruhphqwlrqhg olplwdwlrqv/ lv sursrvhg1 Xqghu wklv iudphzrun/ d vskhulfdo pdqlirog lv lwhudwlyho| �wwhg wr doo
50G srvh lpdjhv ri dq remhfw/ dqg d vprrwk qrqolqhdu pdsslqj iurp lpdjh srvhv wr lpdjh ihdwxuh yhfwruv lv rewdlqhg
iru hdfk remhfw1 Jlyhq d whvw lpdjh ihdwxuh yhfwru/ lw lv fodvvl�hg dv wkh fodvv ri wkh qhduhvw vskhulfdo pdqlirog lq
ihdwxuh vsdfh/ dqg lwv surmhfwlrq rqwr wkdw pdqlirog jlyhv wkh srvh hvwlpdwh1 Iljxuh 5 vkrzv dq h{dpsoh ri d vskhulfdo
pdqlirog lq 60G ihdwxuh vsdfh1
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(a) Elev: 70o Rot:  0o (b) Elev:-45 o Rot: 45o (c) Elev:-70 o Rot:  0o (d) Elev:-45 o Rot:325o

Iljxuh 41 +d,~+g,= Irxu vdpsoh srvhv ri dq remhfw/ vkrzq hqfdvhg zlwklq wkhlu uhvshfwlyh ylhzlqj vskhuhv1 Srvhv

duh jhqhudwhg e| wudyhuvlqj dorqj wkh odwlwxghv +urwdwlrq, dqg orqjlwxghv +hohydwlrq, ri wkh vskhuh1 E| ydu|lqj wkh

hohydwlrq dqjoh +Hohy, iurp ^�<3�> <3�`/ dqg wkh urwdwlrq dqjoh +Urw, iurp ^3�> 693�,/ doo srvvleoh xqltxh ylhzv ri wkh

remhfw pd| eh jhqhudwhg1 Urwdwlrqv derxw wkh 50G lpdjh sodqh duh ljqruhg1

(a) Manifold in

latent space R 3

x

(b) Manifold in
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(c) y projected onto
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Iljxuh 51 +d, Wkh vskhulfdo pdqlirog lq U6 odwhqw vsdfh1 Hdfk qrgh { fruuhvsrqgv wr d ylhzlqj srvlwlrq1 +e, Wkh

vskhulfdo pdqlirog lq UG ihdwxuh vsdfh iru G @ 6 +xvxdoo| G  6,1 Hdfk pdqlirog qrgh i +{, lq ihdwxuh vsdfh lv

uhodwhg wr { lq odwhqw vsdfh yld d jhqhudol}hg olqhdu wudqvirupdwlrq1 Qrwlfh krz wkh pdqlirog dssur{lpdwhv wkh gdwd

+|,/ zkloh pdlqwdlqlqj wkh vskhulfdo wrsrorj|1 +f, Surmhfwlrq ri gdwd srlqwv | rqwr wkh odwhqw vskhulfdo pdqlirog1

Wkh surmhfwlrq ri d whvw srlqw rqwr wkh vskhulfdo pdqlirog jlyhv lwv srvh hvwlpdwh1

51 SUHYLRXV ZRUN

Rqh0glphqvlrqdo +40G, pdqlirogv hpehgghg lq ihdwxuh vsdfh kdyh suhylrxvo| ehhq xvhg iru srvh hvwlpdwlrq dqg remhfw

fodvvl�fdwlrq rq vlpxodwhg plolwdu| yhklfoh lpdjhv/5 dfklhylqj ehwwhu jhqhudol}dwlrq +orzhu whvw fodvvl�fdwlrq huuru,

frpsduhg wr wkh pxowl0od|hu shufhswurq +POS, qhxudo qhwzrun/ wkh qhduhvw qhljkeru fodvvl�hu/ dqg wkh udgldo edvlv

ixqfwlrq qhwzrun16 Krzhyhu/ wkdw dssurdfk zdv uhvwulfwhg wr fodvvli|lqj remhfwv zlwk d vlqjoh ghjuhh ri iuhhgrp1

Dovr/ wkh 40G pdqlirog xvhg lv vhqvlwlyh wr qrlvh dv lw vlpso| lqwhusrodwhv doo gdwd srlqwv zlwkrxw lpsrvlqj dq|

vprrwkqhvv frqvwudlqw1 Vrphzkdw uhodwhg lv wkh xvh ri dxwr0dvvrfldwlyh POS qhxudo qhwzrunv iru hpehgglqj srvh

ihdwxuh yhfwruv rqwr d orz0G pdqlirog iru fodvvl�fdwlrq17 Jrrg fodvvl�fdwlrq uhvxowv zhuh uhsruwhg iru vlpsoh 60G

zluh0iudph remhfwv +xvlqj 9 yhuwlfhv dv ihdwxuhv,/ exw wkh v|vwhp fdqqrw eh xvhg iru srvh hvwlpdwlrq gxh wr wkh

odfn ri dq h{solflw odwhqw pdqlirog prgho1 Dq hduolhu h�ruw rq uhfrjql}lqj 60G remhfwv +exw qrw wkhlu srvhv, iurp

vlokrxhwwh vhtxhqfhv xvlqj DUW5 dqg dvshfw judskv/ lv ghvfulehg lq wkh sdshu e| Vhlehuw dqg Zd{pdq/8 zlwk ixuwkhu

ghyhorsphqwv jlyhq lq wkh sdshu e| Jurvvehuj dqg Eudgvnl19

Vwurqj hpslulfdo hylghqfh uhsruwhg e| Olx dqg Nhuvwhq4 lqglfdwhv wkdw kxpdq remhfw uhfrjqlwlrq ghshqgv rq

idploldulw| zlwk wkh 50G srvh lpdjhv ri dq remhfw1 Dqrwkhu nh| uhvxow lv wkdw fodvvl�huv uhvwulfwhg wr urwdwlrqv lq wkh

lpdjh sodqh ri lqghshqghqw 50G whpsodwhv frxog qrw dffrxqw iru kxpdq shuirupdqfh lq glvfulplqdwlqj qryho remhfw

ylhzv/ lpso|lqj wkh qhhg iru 60G lqirupdwlrq1 Lpdjh pdqlirogv kdyh dovr ehhq iuhtxhqwo| xvhg lq wkh sdvw iru rwkhu



dssolfdwlrqv vxfk dv idfh/: jhvwxuh; dqg kdqgzulwlqj uhfrjqlwlrq1< Prvw lpsruwdqwo|/ lw zdv vkrzq hpslulfdoo| wkdw

lpdjh pdqlirogv pd| kdyh odujh fxuydwxuhv/: dqg wkhuhiruh olqhdu lqwhusrodwlrq ehwzhhq wzr uhodwhg 50G srvh lpdjhv

lq sl{ho ihdwxuh vsdfh pd| qrw uhvxow lq d vdwlvidfwru| lpdjh +dv wkh lqwhusrodwhg lpdjh grhv qrw olh rq wkh pdqlirog,1

Pxfk ehwwhu uhvxowv fdq eh rewdlqhg li wkh lqwhusrodwlrq lv shuiruphg dorqj wkh pdqlirog1;/:

61 SUREOHP IRUPXODWLRQ

Vxssrvh wkhuh duh F fodvvhv ri 60G remhfwv/ dqg hdfk remhfw kdv Qf wudlqlqj srvh lpdjhv1 Ohw | 5U
G ghqrwh wkh

ihdwxuh yhfwru fruuhvsrqglqj wr d srvh lpdjh dqg { 5U
6 lwv dvvrfldwhg srvh +fr0ruglqdwh rq wkh ylhzlqj vskhuh,/ wkhq

wkh wulsohw +|>{>f, uhsuhvhqwv d srvh lpdjh ri fodvv f zlwk srvh {1 D vskhulfdo pdqlirog i
f +{, lv wkhq �wwhg wr doo

srvh ihdwxuh yhfwruv | ri d sduwlfxodu fodvv f/ lqghshqghqw ri rwkhu fodvvhv1 Wkh ihdwxuh yhfwru | lv h{wudfwhg iurp

hdfk udz srvh lpdjh e| wkh iroorzlqj surfhvv=

41 Wkh srvh lpdjh lv wkuhvkroghg wr |lhog d elqdu| lpdjh1

51 Wkh elqdu| lpdjh lv qrupdol}hg iru vfdoh dqg wudqvodwlrq lqyduldqfh1

61 ]huqlnh prphqwv/43 zklfk duh urwdwlrq lqyduldqw/ duh frpsxwhg iurp wkh qrupdol}hg lpdjh wr irup d ihdwxuh

yhfwru1

Wkh h{wudfwhg ihdwxuh yhfwru | vkrxog eh lqyduldqw zlwk uhvshfw wr lpdjh vfdoh/ wudqvodwlrq dqg urwdwlrq1 Urwdwlrq

lqyduldqfh lv hvshfldoo| lpsruwdqw lq wklv frqwh{w ehfdxvh lw fruuhvsrqgv wr uhprylqj wkh wklug ghjuhh ri iuhhgrp iurp

wkh ylhzlqj vskhuh/ l1h1 dw hdfk srvlwlrq rq wkh ylhzlqj vskhuh/ wkh k|srwkhwlfdo fdphud lv doorzhg wr urwdwh derxw

lwv lpdjh sodqh zlwkrxw d�hfwlqj wkh h{wudfwhg ihdwxuh yhfwru |1 Vfdoh lqyduldqfh lv vrphzkdw wulfn| iru dlufudiw

lpdjhv/ dqg lv ghvfulehg lq ghwdlo qh{w1

6141 Lpdjh Suh0surfhvvlqj

Wkh }hur0wk rughu jhrphwulf prphqw/44 l1h1 sl{ho duhd iru d elqdu| lpdjh/ lv frpprqo| xvhg wr vfdoh lpdjh remhfwv wr

d xqlirup vl}h/ vr dv wr dfklhyh vfdoh dqg wudqvodwlrq lqyduldqfh1 Krzhyhu/ wklv phdvxuh lv qrw dssursuldwh iru lpdjhv

wkdw ydu| vljql�fdqwo| lq vkdsh vnhz/ dv lq wkh fdvh ri dlufudiw srvhv1 Iru h{dpsoh/ wkh wrs0grzq ylhz ri wkh dlufudiw

lq �jxuh 6+d, rffxslhv vljql�fdqwo| pruh vfuhhq uhdo0hvwdwh frpsduhg wr lwv iurqwdo ylhz lq �jxuh 6+h,1 Li wkh }hur0wk

rughu jhrphwulf prphqw +duhd, lv xvhg iru vfdolqj khuh/ rqh ri wkh iroorzlqj wzr uhvxowv pd| rffxu= +4, d vpdoo0duhd

remhfw lv pdjql�hg eh|rqg wkh lpdjh erxqgdulhv dqg jhwv folsshg/ dv vkrzq lq �jxuh 6+i,/ ru/ +5, lpsruwdqw ghwdlov

duh orvw iurp uhgxflqj d remhfw wrr pxfk/ dv h{hpsol�hg lq �jxuh 6+f,1 Pruhryhu/ doo dydlodeoh wudlqlqj srvh lpdjhv

zloo kdyh wr eh hydoxdwhg lq rughu wr vhohfw d vxlwdeoh prphqw wkuhvkrog/ zklfk pd| eh sureohpdwlf iru xqvhhq whvw

srvh lpdjhv1 Lq jhqhudo/ wkh vlwxdwlrq jhwv zruvw zlwk dq lqfuhdvlqj qxpehu ri kljko| vnhzhg dlufudiw srvh lpdjhv1

Wkhuhiruh iru wkh srvh hvwlpdwlrq sureohp/ lw lv ehwwhu wr dfklhyh vfdoh dqg wudqvodwlrq lqyduldqfh zlwk uhvshfw wr d

�{hg0vl}h erxqglqj vkdsh1 Wkh sursrvhg vfkhph lv ghvfulehg dv iroorzv=

41 Frpsxwh wkh jhrphwulf fhqwurlg ri remhfw +xqvfdohg lpdjh,1

51 Shulphwhu0erxqg wkh remhfw zlwk wkh vpdoohvw erxqglqj glvf evkdsh/ fhqwhuhg dw wkh lpdjh fhqwurlg1

61 Vfdoh wkh erxqglqj evkdsh wr wkh ghvluhg vl}h2uhvroxwlrq +h1j1 45;�45;, yld olqhdu lqwhusrodwlrq/ wkhuhe| vfdolqj

wkh remhfw frqwdlqhg zlwklq1

71 Fuhdwh d qhz uhfwdqjxodu lpdjh rxw ri wkh erxqglqj er{ ri wkh vfdohg evkdsh/ lq wklv fdvh wkh fhqwurlg ri wkh

remhfw zloo fruuhvsrqg wr wkh fhqwhu ri wkh lpdjh1

Wudqvodwlrq lqyduldqfh lv rewdlqhg e| fhqwhulqj wkh erxqglqj vkdsh evkdsh dw wkh remhfw*v fhqwurlg1 Vfdoh lq0

yduldqfh lv dfklhyhg yld vfdolqj wkh evkdsh wr d frqvwdqw uhvroxwlrq/ vd| 45; � 45;1 Wkh uhtxluhphqw wkdw erwk wkh

remhfw fhqwurlg dqg evkdsh fruuhvsrqgv wr wkh lpdjh fhqwhu idflolwdwhv udgldo ihdwxuh h{wudfwlrq> ihdwxuh h{wudfwlrq

dojrulwkpv vxfk dv ]huqlnh prphqwv frqvlghu rqo| wkh sruwlrq ri lpdjh o|lqj zlwklq wkh xqlw flufoh1 Iljxuh 6 looxv0

wudwhv wkh dgydqwdjhv ri wklv phwkrg frpsduhg wr wkh jhrphwulf prphqw edvhg qrupdol}dwlrq phwkrg rq wzr w|slfdo

dlufudiw srvhv1



(a) Original (b) 2000 pixels (c) 500 pixels (d) Bounding "disc"

(e) Original (f) 2000 pixels (g) 500 pixels (h) Bounding "disc"

Iljxuh 61 +d,+h, Ruljlqdo lpdjhv/ +e,+i, vfdohg wr 5333 sl{hov/ +f,+j, vfdohg wr 833 sl{hov +g,+k, vfdohg yld erxqglqj
glvf phwkrg1 Qrwlfh wkh folsslqj lq +i,/ dqg wkh orvw ri ghwdlov lq +f,1 Wklv h{dpsoh looxvwudwhv wkh gl�fxowlhv
hqfrxqwhuhg zkhq srvh lpdjhv duh pdgh vfdoh0lqyduldqw wkurxjk wkh fodvvlfdo }hurwk0rughu prphqw qrupdol}dwlrq
phwkrg +frqvwdqw sl{ho frxqw,1 Wkh vlwxdwlrq jhwv zruvh zkhq pruh srvh lpdjhv duh wdnhq lqwr frqvlghudwlrq1 Rq
wkh frqwudu|/ wkh erxqglqj glvf vfdolqj phwkrg hqvxuhv d plqlpdo orvv ri ghwdlov/ zkloh pdlqwdlqlqj wudqvodwlrq dqg
vfdoh lqyduldqfh +urwdwlrq lqyduldqfh lv dovr idflolwdwhg e| pdnlqj wkh fhqwurlg ri wkh vfdohg remhfw fruuhvsrqgv wr wkh
lpdjh fhqwhu/ dv pdunhg e| wkh furvvhv lq +g, dqg +k,,1

6151 ]huqlnh Prphqwv

Diwhu suh0surfhvvlqj/ ]huqlnh prphqwv43 duh h{wudfwhg iurp hdfk lpdjh wr irup wkh ihdwxuh yhfwru |1 ]huqlnh
prphqwv duh wkh surmhfwlrq ri wkh lpdjh ixqfwlrq rqwr dq ruwkrjrqdo vhw ri frpsoh{ sro|qrpldov ryhu wkh lqwhulru
ri wkh xqlw flufoh1 Lw kdv ehhq vkrzq wr eh vxshulru wr rwkhu w|shv ri prphqw lqyduldqwv iru sdwwhuq fodvvl�fdwlrq
wdvnv145 Wkh ]huqlnh prphqw ri rughu d zlwk uhshwlwlrq e iru d glvfuhwh lpdjh ixqfwlrq L +f4> f5, lv dssur{lpdwhg dv
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d = Rughu +qrq0qhjdwlyh lqwhjhu,

e = Uhshwlwlrq +lqwhjhu/ vxemhfw wr frqvwudlqwv +d� mem, lv hyhq dqg mdm � e,

� = Ohqjwk ri yhfwru iurp lpdjh fhqwhu wr sl{ho fr0ruglqdwh +f4> f5,

� = Dqjoh ehwzhhq yhfwru � dqg wkh krul}rqwdo d{lv1

Wkh ]huqlnh prphqwv* pdjqlwxghv duh lqyduldqw wr lpdjh urwdwlrq/ dqg wkxv fdq eh xvhg dv urwdwlrq0lqyduldqw ihdwxuhv1
Lq idfw/ wkh ]huqlnh prphqw ] 3

de ri d urwdwhg +e| � udgldqv, lpdjh lv vlpso| uhodwhg wr wkdw +]de, ri wkh xqurwdwhg



lpdjh e| d skdvh fkdqjh sursruwlrqdo wr wkh ghjuhh ri urwdwlrq/ l1h1

]
3

de @ ]deh
�me�= +4,

Wklv surshuw| lv yhu| xvhixo iru srvh frpshqvdwlrq/ ghvfulehg odwhu1 Qrwh wkdw vlqfh ]d>�e @ ]�de/ rqo| prphqwv

iru e � 3 qhhg wr eh frqvlghuhg1 Lq dgglwlrq/ wkh �uvw ]huqlnh prphqw ]33 uhsuhvhqwv wkh sl{ho pdvv2frxqw/ zklfk

ydulhv zlwk srvhv +zlwk uhvshfw wr wkh vfdolqj vfkhph xvhg lq wklv sdshu,/ dqg wkhuhiruh lv xvhixo1 Wkh vhfrqg ]huqlnh

prphqw ]44 lv doprvw }hur dv lw lv sursruwlrqdo wr wkh krul}rqwdo dqg yhuwlfdo �uvw0rughu jhrphwulf prphqwv/ zklfk

duh erwk }hur gxh wr wudqvodwlrq qrupdol}dwlrq/ dqg duh wkhuhiruh qrw xvhg1 Lq wklv sdshu/ xs wr 7< +devroxwh, prphqwv

duh xvhg1

71 VSKHULFDO PDQLIROGV

Wkh vskhulfdo pdqlirog lv frpsulvhg ri P qrghv i{pj
P

p@4 hyhqo| glvwulexwhg rq wkh vxuidfh ri d vskhuh dv vkrzq lq

�jxuh 5+d,1 Wkh qh{w vhfwlrq eulh�| ghvfulehv wkh suredelolvwlf sulqflsdo vxuidfh prgho zklfk lv xvhg wr frqvwuxfw

wkh vskhulfdo pdqlirog1

7141 Suredelolvwlf Sulqflsdo Vxuidfhv

Sulqflsdo vxuidfhv +fxuyhv,46 duh qrqolqhdu jhqhudol}dwlrqv ri sulqflsdo vxevsdfhv +frpsrqhqwv, wkdw irupdol}hv wkh

qrwlrq ri d orz0G pdqlirog sdvvlqj wkurxjk wkh cplggoh* ri d gdwdvhw lq kljk0G vsdfh1 Wkh suredelolvwlf sulqflsdo

vxuidfh +SSV,/47 d jhqhudol}dwlrq ri wkh jhqhudwlyh wrsrjudsklf pdsslqj/48/49 lv d sdudphwulf dssur{lpdwlrq ri

sulqflsdo vxuidfhv1 Wkh SSV pdqlirog lv frpsulvhg riP qrghv i{pj
P

p@4 duudqjhg w|slfdoo| rq d xqlirup wrsrorjlfdo

julg lq odwhqw +orz0G, vsdfh UT1 Wkh wrsrorj| lv frqvlvwhqwo| hqirufhg yld d jhqhudol}hg olqhdu pdsslqj iurp hdfk

odwhqw qrgh {p lqUT wr lw*v fruuhvsrqglqj gdwd qrgh i +{p, lq gdwd +kljk0G, vsdfh UG +G lv wkh gdwd glphqvlrqdolw|,/

i +{p, @Z! +{p,

zkhuh Z lv d G � O uhdo pdwul{ dqg

! +{p, @
�
!4 +{p, � � � !O +{p,

�W
>

lv wkh yhfwru frqwdlqlqj O odwhqw edvlv ixqfwlrqv !o +{, = UT $ U/ o @ 4> = = = > O1 Wkh edvlv ixqfwlrqv !o +{, duh

xvxdoo| lvrwurslf Jdxvvldqv zlwk frqvwdqw zlgwkv1 Hdfk gdwd qrgh i +{p, dfwxdoo| fruuhvsrqgv wr wkh phdq ri d

Jdxvvldq suredelolw| glvwulexwlrq zlwk qrlvh fryduldqfh sdudphwhu 	 +�>{p, zkhuh � +3 ? � ? G@T, ghqrwhv wkh

dprxqw ri fodpslqj lq wkh wdqjhqwldo pdqlirog gluhfwlrq1 Qrwh wkdw wkh JWP lv rewdlqhg iru � @ 4/ dqg � ? 4 kdv

ehhq vkrzq wr |lhog d ehwwhu pdqlirog lq whupv ri uhfrqvwuxfwlrq huuru147 Wkh SSV lv lwhudwlyho| frpsxwhg xvlqj

d pd{lpxp olnholkrrg rswlpl}dwlrq surfhgxuh1 Iljxuh 7 vkrzv d 40G SSV1 Fohduo|/ wkh vskhulfdo pdqlirog fdq eh

wulyldoo| frqvwuxfwhg xvlqj d SSV zlwk odwhqw qrghv i{pj
P

p@4 duudqjhg uhjxoduo| rq wkh vxuidfh ri d vskhuh lq U61

7151 Lqlwldol}dwlrq

Lq rughu wr dfklhyh d rqh0wr0rqh pdsslqj ehwzhhq hdfk srvh lpdjh dqg pdqlirog qrgh/ wkh qxpehu ri qrghv P lv

vhw htxdo wr wkh qxpehu ri vdpsohv/ dqg wkh vskhulfdo pdqlirog lv lqlwldol}hg vxfk wkdwZ dssur{lpdwho| pdsv hdfk

odwhqw qrgh dw srvlwlrq { wr d srvh lpdjh ri srvh {1 Wklv fdq eh grqh e| vroylqj iruZ lq wkh ohdvw vtxduhv htxdwlrq

�
|4 � � � |P

�
@Z

�
! +{4, � � � ! +{P,

�

zkhuh wkh srvh ri lpdjh ihdwxuh yhfwru |p lv {p iru p @ 4> = = = >P 1

7161 Fodvvl�fdwlrq dqg Srvh Hvwlpdwlrq

Jlyhq d whvw lpdjh ihdwxuh yhfwru |/ lw lv �uvw surmhfwhg rqwr doo F pdqlirogv ii fj
F

f@4/ dqg lv dvvljqhg wkh fodvv odeho

ri wkh qhduhvw pdqlirog1 Wkh fr0ruglqdwh ri lwv surmhfwlrq rqwr wkdw pdqlirog jlyhv d �uvw0fxw srvh hvwlpdwh {s1 Wkh

surmhfwlrq fdq eh shuiruphg suredelolvwlfdoo|/47 ru vlpso| xvlqj d qhduhvw qhljkeru dssurdfk1 Lq h{shulphqwv/ lw kdv

ehhq irxqg wkdw suredelolvwlf surmhfwlrqv jlyh ehwwhu srvh hvwlpdwhv1 Qrwh wkdw gxh wr wkh xvh ri urwdwlrq lqyduldqw

ihdwxuhv/ d urwdwlrqdo glvsodfhphqw pd| h{lvw ehwzhhq wkh lpdjhv fruuhvsrqglqj wr | dqg i +{s,1 Lq wklv fdvh/ wkh

skdvh gl�huhqfh ehwzhhq wkh frpsoh{ yhuvlrqv ri | dqg i +{s, pd| eh xvhg wr frpshqvdwh iru wkh urwdwlrq dffruglqj

wr htxdwlrq 41 Wkxv/ dowkrxjk rqo| wkh pdjqlwxghv ri ]huqlnh prphqwv duh xvhg iru fodvvl�fdwlrq dqg pdqlirog

frqvwuxfwlrq/ wkhlu ruljlqdo frpsoh{ yhuvlrqv pxvw dovr eh vwruhg dqg pdgh dydlodeoh li srvh frpshqvdwlrq lv ghvluhg1
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Radial  Basis Funct ions

Iljxuh 71 D 40G SSV lq U6 zlwk 8 qrghv dqg 7 odwhqw edvhv1

81 H[SHULPHQWV

8141 ODQV Dlufudiw Gdwdvhw

Lq sudfwlfh lw lv gl�fxow wr rewdlq doo srvvleoh srvh lpdjhv iru dq| duelwudu| dlufudiw/ xqohvv d frpsxwhu 60G prgho
ri wkh dlufudiw lv dydlodeoh1 Wkhuhiruh lq wklv sdshu/ frpsxwhu 60G prghov zhuh xvhg wr jhqhudwh wkh wudlqlqj srvh
lpdjhv ri 43 dlufudiwv1 D wrwdo ri 9;7 srvh lpdjhv dw 45; � 45; sl{ho uhvroxwlrq zhuh jhqhudwhg2uhqghuhg iru hdfk
dlufudiw vxfk wkdw wkh wudlqlqj srvhv udqjh iurp

+hohy> urw, =

�
hoh @ i�<3>�;3> = = = > ;3> <3j
urw @ i3> 43> = = = > 683j

=

Qrwh wkdw rqo| rqh wudlqlqj srvh lpdjh lv qhhghg dw wkh qruwk dqg vrxwk srohv +hohy @ �<3> <3,> vlqfh urwdwlrq dw
wkh srohv lv htxlydohqw wr urwdwlrq derxw wkh lpdjh sodqh/ dqg wkh ihdwxuh h{wudfwlrq phwkrg xvhg khuh lv urwdwlrq
lqyduldqw1 Vlploduo|/ dqrwkhu 97; srvh lpdjhv fruuhvsrqglqj wr srvhv

+hohy> urw, =

�
hoh @ i�;8>�:8> = = = > :8> ;8j
urw @ i3> 43> = = = > 683j

>

zhuh jhqhudwhg iru whvwlqj sxusrvhv1

D 9470qrgh vskhulfdo pdqlirog zlwk ;6 odwhqw edvhv +lqfoxglqj eldv, zdv frpsxwhg iru hdfk dlufudiw xvlqj 5<
]huqlnh prphqwv dqg d fodpslqj idfwru � @ 41 Wdeohv 4 dqg 5 vkrz wkh frqixvlrq pdwul{ iru wkh wudlqlqj dqg
whvw vhw/ uhvshfwlyho|1 Vrph lqwhuhvwlqj fkdudfwhulvwlfv fdq eh lqihuuhg iurp wkh whvw uhvxow e| furvv0uhihuhqflqj wr
wkh fruuhvsrqglqj slfwxuhv lq �jxuh 81 Iluvw/ wkh vlplodulw| ehwzhhq fodvv 5 +e:3:, dqg 6 +e:7:, lv v|pphwulfdo/ dv
erwk duh Erhlqj mhwv1 Olnhzlvh/ fodvv 7 +fhvvqd735, dqg 8 +gf6,/ zklfk duh erwk surshoohu gulyhq/ kdyh d fhuwdlq
ghjuhh ri v|pphwulfdo ryhuods1 Odvw/ fodvv : +i48, lv vrphwlphv plvfodvvl�hg dv fodvv ; +i4;, dqg 43 +plj5<p,/ zklfk
djdlq lv h{shfwhg vlqfh doo wkuhh dlufudiwv orrnhg yhu| dolnh +wzlq yhuwlfdo uhdu zlqj vwdelol}huv/ wzlq xqghuprxqwhg
mhw hqjlqhv,1 Pruhrhyhu/ fodvv ; +i4;,/ zlwk lwv pruh frpsdfw ixvhodjh/ kdv d uhodwlyho| kljk fodvvl�fdwlrq dffxudf|1
Rq wkh rwkhu kdqg/ fodvv 43 +plj5<p, lv iuhtxhqwo| plvwdnhq iru fodvv : +i48,/ dv erwk kdyh zlghu erglhv frpsduhg
wr fodvv ; +i4;,1 Lw vkrxog eh qrwhg wkdw wkh kljk fodvvl�fdwlrq udwh rewdlqhg iru fodvv :/; dqg 43 lv txlwh uhpdundeoh/
frqvlghulqj wkh kljk ghjuhh ri vlplodulw| ehwzhhq wkh wkuhh w|shv ri dlufudiwv dqg wkdw rqo| lpdjh vlokrxhwwhv zhuh
xvhg1

Wdeoh 6 vkrzv wkh h�hfw ri xvlqj d odujhu qxpehu ri ]huqlnh prphqwv dqg gl�huhqw fodpslqj ydoxhv +�, rq wkh
whvw fodvvl�fdwlrq udwh dqg srvh hvwlpdwlrq dffxudf|1 Lw fdq eh vhhq wkdw xvlqj d odujhu G +pruh ]huqlnh prphqwv,



(a) b1bomber (b) b707 (c) b747 (d) cessna402 (e) dc3

(f) f117 (g) f15 (h) f18 (i) learjet (j) mig29m

Iljxuh 81 +d,~+m, Wkh 43 frpsxwhu uhqghuhg 60G prghov xvhg wr jhqhudwh wkh lpdjh srvhv1 Wkh prghov duh vkrzq
dw �73� hohydwlrq dqg 73� urwdwlrq1 D wrwdo ri 947 srvh lpdjhv duh jhqhudwhg iru hdfk dlufudiw1

WuxhqFodvvl�hg 4 5 6 7 8 9 : ; < 43

4 e4erpehu 9:9 6 4 4 6
5 e:3: 4 996 44 ; 4
6 e:7: 44 996 7 8 4 4
7 fhvvqd735 8 9:7 5 4 4
8 gf6 5 4 5 6 9:4 6 4 6
9 i44: 4 4 9:: 4 6
: i48 4 4 9:; 6
; i4; 4 4 7 9:;
< ohdumhw 6 6 4 4 6 4 4 9:3 4
43 plj5<p 4 4 4 9 5 9:6

Wudlqlqj Fodvvl�fdwlrq Huuru @ 41: ( +44: huuruv,

Wdeoh 41 Wudlqlqj Fodvvl�fdwlrq Frqixvlrq Pdwul{1

uhvxowhg lq qrwlfhdeo| orzhu whvw fodvvl�fdwlrq huuru/ exw rqo| |lhoghg pdujlqdo lpsuryhphqwv lq srvh hvwlpdwlrq
dffxudf|1 Vhwwlqj � @ 3=:8 dovr lpsuryhg voljkwo| erwk wkh fodvvl�fdwlrq dqg srvh hvwlpdwlrq dffxudf|1 Wkxv lw
fdq eh frqfoxghg wkdw � @ 4 jlyhv uhdvrqdeoh shuirupdqfh zlwk wkh ohdvw frpsxwdwlrqdo frpsoh{lw| +vhwwlqj � 9@ 4
uhtxluhv h{wud frpsxwdwlrqdo h�ruw,1

Iljxuh 9 sorwv wkh shufhqwdjh ri wudlqlqj dqg whvw vdpsohv zlwk srvhv hvwlpdwhg zlwklq d jlyhq dffxudf|1 Wkh
huuru +lq ghjuhhv, lv phdvxuhg dv wkh dqjoh ehwzhhq wkh wuxh srvh yhfwru dqg wkdw ri wkh hvwlpdwhg srvh yhfwru rq
wkh ylhzlqj vskhuh1 Iurp wkh �jxuh/ lw fdq eh vhhq wkdw dssur{lpdwho| 88( ri wkh whvw vdpsohv fdq eh hvwlpdwhg
zlwklq 53� dffxudf|/ zkhuhdv doprvw :3( ri wkh vdpsohv fdq eh dffxudwho| hvwlpdwhg zlwklq 73� dffxudf|1 Wklv
lv vdwlvidfwru| frqvlghulqj wkh idfw wkdw wkh fodvvl�hu zdv wudlqhg dw 43� uhvroxwlrq/ dqg wkdw lw xvhv rqo| urwdwlrq
lqyduldqw ihdwxuhv h{wudfwhg iurp remhfw vlokrxhwwhv1 Wkh dyhudjh hohydwlrq hvwlpdwlrq huuru lv ohvv wkdq 53� zkhuhdv
wkh dyhudjh urwdwlrq hvwlpdwlrq huuru lv durxqg 433�1 Wkxv/ prvw ri wkh srvh hvwlpdwlrq huuruv rffxuuhg lq wkh
urwdwlrq dqjoh/ dqg fdq eh dwwulexwhg wr wkh xvh ri urwdwlrq lqyduldqw ihdwxuhv1 Wkh frpshqvdwlrq phwkrg phqwlrqhg
suhylrxvo| pd| eh xvhg wr rewdlq ixuwkhu lpsuryhphqw lq urwdwlrq dqjoh hvwlpdwlrq dffxudf|1 Lw vkrxog eh qrwhg
wkdw vlpsoh frpshqvdwlrq lv rqo| srvvleoh iru odujh hohydwlrq ydoxhv/ l1h1 hoh * <3�1



WuxhqFodvvl�hg 4 5 6 7 8 9 : ; < 43

4 e4erpehu 949 6 5 9 9 9 6 9

5 e:3: 8;6 67 8 43 6 4 4 7 :

6 e:7: 79 8:7 43 7 8 5 4 8 4

7 fhvvqd735 46 8 895 64 6 8 48 ; 9

8 gf6 44 9 63 8;4 7 5 9 ;

9 i44: 46 5 7 7 938 9 5 6 <

: i48 8 4 4 5 ; 8:4 5; 7 5;

; i4; 8 5 4 5 5 48 944 43

< ohdumhw 4 < 9 7 44 44 : 8 8;; 9

43 plj5<p 43 4 6 4 ; 64 44 4 8;5

Whvw Fodvvl�fdwlrq Huuru @ <17 ( +93: huuruv,

Wdeoh 51 Whvw Fodvvl�fdwlrq Frqixvlrq Pdwul{1

Fodvvl�fdwlrq Shufhqwdjh +(, ri srvh hvwlpdwhv zlwklq jlyhq dffxudf|

G � Huuru +(, ? 43� ? 48� ? 53� ? 58� ? 63� ? 68� ? 73�

5< 318 <19< 65 7; 88 93 96 99 9;

31:8 <14; 67 7< 89 94 97 9: 9<

4 <16: 66 7< 89 93 96 99 9;

6< 318 91;8 67 83 8: 94 98 9: 9<

31:8 :153 67 83 8: 94 98 9: 9<

4 :13; 67 83 8: 94 97 99 9<

7< 4 81<6 69 84 8: 95 98 9: :3

Wdeoh 61 Whvw shuirupdqfh iru gl�huhqw qxpehu ri ihdwxuhv +G, dqg fodpslqj sdudphwhu ydoxhv +�,1

8151 Uhdo Dlufudiw Gdwdvhw

Wr hydoxdwh krz zhoo wkh v|vwhp shuirupv rq uhdo0olih gdwd/ d vhohfwlrq ri lpdjhv fruuhvsrqglqj wr wkh vwxglhg

dlufudiwv zhuh grzqordghg iurp wkh lqwhuqhw dqg ihg lqwr wkh wudlqhg fodvvl�hu dv lqsxwv1 Hdfk lpdjh lv vhjphqwhg

vhpl0dxwrpdwlfdoo| +xvlqj d frpelqdwlrq ri hgjh0ghwhfwlrq/ wkuhvkroglqj dqg rwkhu lpdjh surfhvvlqj whfkqltxhv zlwk

kxpdq vxshuylvlrq, dqg qrupdol}hg dffruglqj wr wkh vfkhph lq vhfwlrq 6141 Dowkrxjk wkh h{dfw srvh ri hdfk whvw

lpdjh lv xqnqrzq/ wkh srvh0hvwlpdwh jlyhq e| wkh vskhulfdo pdqlirog fodvvl�hu fdq eh xvhg wr jhqhudwh d srvh0lpdjh

iurp wkh 60G prgho/ zklfk lv wkhq ylvxdoo| frpsduhg wr wkh whvw lpdjh1 Iljxuhv :~46 vkrz wkh fodvvl�hg lpdjhv zlwk

wkhlu fruuhvsrqglqj uh0jhqhudwhg 60G srvh lpdjhv1

91 FRQFOXVLRQ

D qryho v|vwhp xvlqj vskhulfdo pdqlirogv iru 60G remhfw fodvvl�fdwlrq dqg srvh hvwlpdwlrq iurp 50G lpdjhv lv sursrvhg

dqg dssolhg wr wkh wdvn ri dlufudiw fodvvl�fdwlrq1 Wkh v|vwhp zdv vkrzq wr jhqhudol}h zhoo rq erwk xqvhhq duwl�fldo

dqg uhdo lpdjhv zkhq wudlqhg rqo| rq d vhw ri frpsxwhu jhqhudwhg 50G remhfw vlokrxhwwhv1 Ghvslwh wkh h{lvwhqfh ri

dpeljxlw| srvh lpdjhv/ wkh v|vwhp zdv deoh wr gl�huhqwldwh ehwzhhq yhu| vlplodu orrnlqj dlufudiwv +wkh vhwv= ii47/
i4;/ plj5<j/ ie:3:/ e:7:j/ ifhvvqd735/ gf6j, prvw ri wkh wlph1 Lw zdv dovr fdsdeoh ri jlylqj uholdeoh srvh hvwlpdwhv

+zlwklq 73� dffxudf|, iru doprvw :3( ri wkh gdwd/ ru zlwklq 53� iru ryhu 83( ri wkh gdwd/ hyhq zkhq urwdwlrq lqyduldqw

ihdwxuhv zhuh xvhg1 Zlwk srvh frpshqvdwlrq/ wkh srvh hvwlpdwlrq dffxudf| fdq eh lpsuryhg ixuwkhu1

Lw lv srvvleoh wr shuirup lpdjh lqwhusrodwlrq xqghu wkh ghyhorshg iudphzrun/ hlwkhu xvlqj ]huqlnh prphqwv ru

rwkhu lqyhuwleoh ihdwxuh h{wudfwlrq phwkrgv vxfk dv zdyhohw wudqvirupv1 Li ]huqlnh prphqwv duh xvhg iru wklv sxusrvhv/

wkh dprxqw ri gdwd vwrudjh uhtxluhphqw ehfrphv txlwh vljql�fdqw dv wkh vdph qxpehu ri lpdjh edvlv dv wkh qxpehu

ri ihdwxuhv pxvw eh vwruhg1 Pruh zrun lv fxuuhqwo| ehlqj grqh rq frplqj xs zlwk d uholdeoh frpshqvdwlrq phwkrg/ lq

dgglwlrq wr lqyhvwljdwlqj rwkhu w|shv ri ihdwxuh h{wudfwlrq vfkhphv/ dqg whvwlqj wkh v|vwhp rq pruh uhdo skrwrjudskv1

DFNQRZOHGJPHQWV

Wklv uhvhdufk zdv vxssruwhg lq sduw e| Dup| Uhvhdufk frqwudfwv GDDJ880<;0403563 dqg GDDG4<0<<0403345/ dqg

QVI judqw HFV0<<336861 Wkh dxwkruv duh dovr judwhixo wr wkh iroorzlqj shuvrqv zkr surylghg frpsxwdwlrq dqg
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Iljxuh 91 Sorw ri iudfwlrq ri srvhv hvwlpdwhg zlwklq jlyhq dffxudf|1

qhwzrunlqj uhvrxufhv zkloh sruwlrqv ri wklv sdshu zdv ehlqj suhsduhg gxulqj d wuls wr wkh Idu Hdvw = Sdr0nxr Fkdqj/
Sdr0plq Fkdqj/ Kdl0Vklqj Fkldqj/ Yxl0Nzdq Fkrqj dqg Fkrrqj0Fklqj Olp1

UHIHUHQFHV

41 ]1 Olx dqg G1 Nhuvwhq/ _5G revhuyhuv iru kxpdq 6G remhfw uhfrjqlwlrqB/% lq Dgydqfhv lq Qhxudo Lqirupdwlrq

Surfhvvlqj V|vwhpv/ P1 L1 Mrugdq/ P1 M1 Nhduqv/ dqg V1 D1 Vrood/ hgv1/ yro1 43/ ss1 ;5<~;68/ 4<<:1

51 O1 Qhlehuj dqg G1 S1 Fdvdvhqw/ _Ihdwxuh vsdfh wudmhfwru| +IVW, fodvvl�hu qhxudo qhwzrun/% lq Surf1 VSLH/
yro1 5686/ ss1 5:9~5<5/ VSLH/ 4<<71

61 O1 Qhlehuj dqg G1 S1 Fdvdvhqw/ _Ihdwxuh vsdfh wudmhfwru| qhxudo qhw fodvvl�hu/% lq Surf1 VSLH/ yro1 57<5/
ss1 694~6:5/ VSLH/ 4<<81

71 V1 Vx}xnl dqg K1 Dqgr/ _Xqvxshuylvhg fodvvl�fdwlrq ri 6G remhfwv iurp 5G ylhzv/% lq Dgydqfhv lq Qhxudo

Lqirupdwlrq Surfhvvlqj V|vwhpv/ J1 Whvdxur/ G1 Wrxuhw}n|/ dqg W1 Ohhq/ hgv1/ yro1 :/ ss1 <7<~<89/ 4<<81

81 P1 Vhlehuw dqg D1 P1 Zd{pdq/ _Ohduqlqj dqg uhfrjql}lqj 6G remhfwv iurp pxowlsoh ylhzv lq d qhxudo v|vwhp/%
lq Qhxudo Qhwzrunv iru Shufhswlrq/ K1 Zhfkvohu/ hg1/ yro1 4/ ss1 759~777/ Dfdghplf Suhvv/ Lqf1/ 4<<41

91 V1 Jurvvehuj dqg J1 Eudgvnl/ _YLHZQHW= D qhxudo dufklwhfwxuh iru ohduqlqj wr uhfrjql}h 60G remhfwv iurp
pxowlsoh 50G ylhzv/% lq Surf1 VSLH/ yro1 5686/ ss1 599~5:8/ VSLH/ 4<<71

:1 K10P1 Ox/ \1 Idlqpdq/ dqg U1 Khfkw0Qlhovhq/ _Lpdjh pdqlirogv/% lq Surf1 VSLH/ yro1 663:/ ss1 85~96/ VSLH/
4<<;1

;1 F1 Euhjohu dqg V1 P1 Rprkxqgur/ _Qrqolqhdu lpdjh lqwhusrodwlrq xvlqj pdqlirog ohduqlqj/% lq Dgydqfhv lq

Qhxudo Lqirupdwlrq Surfhvvlqj V|vwhpv/ J1 Whvdxur/ G1 Wrxuhw}n|/ dqg W1 Ohhq/ hgv1/ yro1 :/ ss1 <:6~<;3/ 4<<81

<1 J1 H1 Klqwrq/ S1 Gd|dq/ dqg P1 Uhyrz/ _Prgholqj wkh pdqlirogv ri lpdjhv ri kdqgzulwwhq gljlwv/% LHHH

Wudqvdfwlrqv rq Qhxudo Qhwzrunv ;/ ss1 98~:7/ Mdq 4<<:1

431 D1 Nkrwdq}dg dqg \1 K1 Krqj/ _Lqyduldqw lpdjh uhfrjqlwlrq e| ]huqlnh prphqwv/% LHHH Wudqvdfwlrqv rq

Sdwwhuq Dqdo|vlv dqg Pdfklqh Lqwhooljhqfh 45/ ss1 7;<~7<:/ Pd| 4<<31

441 U1 F1 Jrq}doh} dqg U1 H1 Zrrgv/ Gljlwdo Lpdjh Surfhvvlqj/ Dgglvrq Zhvoh|/ 4<<51

451 F10K1 Whk dqg U1 W1 Fklq/ _Rq lpdjh dqdo|vlv e| wkh phwkrgv ri prphqwv/% LHHH Wudqvdfwlrqv rq Sdwwhuq

Dqdo|vlv dqg Pdfklqh Lqwhooljhqfh 43/ ss1 7<9~846/ Mxo 4<;;1

461 W1 Kdvwlh dqg Z1 Vwxhw}oh/ _Sulqflsdo fxuyhv/% Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;7/ ss1 835~849/
Mxq 4<;;1

471 N10\1 Fkdqj dqg M1 Jkrvk/ _D xql�hg prgho iru suredelolvwlf sulqflsdo vxuidfhv/% LHHH Wudqvdfwlrqv rq Sdwwhuq

Dqdo|vlv dqg Pdfklqh Lqwhooljhqfh / s1 +vxeplwwhg 4<<<14315<,1



(a) b707.3 (b) Segmented (c) Output (d) b747 Ele: 30 Rot:162

Iljxuh :1 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh
edvhg rq fodvvl�hu rxwsxw1 Wklv lv d jrrg h{dpsoh ri wkh dpeljxlw| fdxvhg e| xvlqj lpdjh vlokrxhwwhv> wkh vlokrxhwwhv
lq +e, dqg +f, orrn dolnh/ exw dfwxdoo| fruuhvsrqg wr sodqhv srlqwlqj lq rssrvlwh gluhfwlrqv1 Wkh plvfodvvl�fdwlrq ri
+d, lqwr d e:7: lv dffhswdeoh lq wklv fdvh/ vlqfh lw lv gl�fxow hyhq iru kxpdqv wr pdnh wkh glvwlqfwlrq vroho| edvhg rq
wkh lqirupdwlrq lq +e,1

(a) b707.4 (b) Segmented (c) Output (d) b747 Ele: 30 Rot: 45

Iljxuh ;1 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh
edvhg rq fodvvl�hu rxwsxw1 Wklv lv dqrwkhu h{dpsoh kljkoljkwlqj wkh dpeljxlw| ri lpdjh vlokrxhwwhv1 Wkh lpdjhv lq
+e, dqg +f, duh dssur{lpdwho| uhodwhg e| dq lpdjh urwdwlrq1 Djdlq/ wkh fodvvl�hu _wklqnv% wkdw wkh lpdjh lq +e, lv d
e:7: lqvwhdg ri d e:3:1

(a) b747.1 (b) Segmented (c) Output (d) b747 Ele: 10 Rot:107

Iljxuh <1 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh
edvhg rq fodvvl�hu rxwsxw1



(a) b747.2 (b) Segmented (c) Output (d) b747 Ele:  0 Rot: 10

Iljxuh 431 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh

edvhg rq fodvvl�hu rxwsxw1

(a) b747.4 (b) Segmented (c) Output (d) b747 Ele: 40 Rot:113

Iljxuh 441 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh

edvhg rq fodvvl�hu rxwsxw1 Wkh fodvvl�hu rxwsxw lv qhdu shuihfw/ h{fhsw iru dq lpdjh urwdwlrq +fdxvhg e| xvlqj

urwdwlrq0lqyduldqw ihdwxuhv,1

(a) f117.3 (b) Segmented (c) Output (d) f117 Ele: 50 Rot:281

Iljxuh 451 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh

edvhg rq fodvvl�hu rxwsxw1



(a) learjet.3 (b) Segmented (c) Output (d) learjet Ele:-10 Rot: 72

Iljxuh 461 +d, lqsxw lpdjh/ +e, qrupdol}hg lpdjh/ +f, lpdjh2srvh iurp fodvvl�hu rxwsxw/ +g, 60G uhqghuhg lpdjh

edvhg rq fodvvl�hu rxwsxw1 Qrwh wkdw wkh whvw lpdjh lq +d, uhsuhvhqwv d qhzhu jhqhudwlrq ri wkh ohdumhw/ |hw wkh v|vwhp

zdv deoh wr fodvvli| dqg hvwlpdwh lwv srvh fruuhfwo|1

481 F1 P1 Elvkrs/ P1 Vyhqv�hq/ dqg F1 N1 L1 Zlooldpv/ _JWP= Wkh jhqhudwlyh wrsrjudsklf pdsslqj/% Qhxudo Frp0

sxwdwlrq 43+4,/ ss1 548~568/ 4<<;1

491 F1 P1 Elvkrs/ P1 Vyhqv�hq/ dqg F1 N1 L1 Zlooldpv/ _Ghyhorsphqwv ri wkh jhqhudwlyh wrsrjudsklf pdsslqj/%

Qhxurfrpsxwlqj 54/ ss1 536~557/ 4<<;1


