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Ulfkdug W1 Orug dqg Plfkdho U1 Lqjjv

Udgdu Uhprwh Vhqvlqj Jurxs/ Ghsw ri Hohfwulfdo Hqjlqhhulqj/ Xqlyhuvlw| ri Fdsh Wrzq

Sulydwh Edj/ Urqghervfk ::33/ Vrxwk Diulfd

Who= .5: 54 983 6:89 Id{= .5: 54 983 6798

Hpdlo= uorugChohfhqj1xfw1df1}d

Devwudfw�Wklv sdshu ghprqvwudwhv wkh xvh ri vwhsshg0
iuhtxhqf| zdyhirupv wr rewdlq kljk uhvroxwlrq VDU lp0
djhv zlwkrxw lpsrvlqj vhyhuh lqvwdqwdqhrxv edqgzlgwk
uhtxluhphqwv rq wkh udgdu v|vwhp1 Dowkrxjk d}lpxwk
frpsuhvvlrq dqg prwlrq frpshqvdwlrq duh hvvhqwldo wr re0
wdlq kljk uhvroxwlrq VDU lpdjhv/ wklv sdshu rqo| glvfxvvhv
krz wr rewdlq kljk udqjh uhvroxwlrqv1 Hvshfldoo| dw YKI
iuhtxhqflhv lw lv yhu| gl�fxow wr rewdlq kljk udqjh uhvr0
oxwlrqv/ ehfdxvh wkh h�hfwlyh sxovh edqgzlgwk uhtxluhg
zrxog dprxqw wr d odujh shufhqwdjh ri wkh fhqwuh iuh0
txhqf|1 Diwhu eulh�| lqwurgxflqj wkh wkhru| ri v|qwkhwlf
udqjh sur�olqj dv dssolhg wr VDU/ wklv sdshu jrhv rq
wr glvfxvv wkh v|qwkhwlf udqjh sur�oh ri dq D653 dluexv/
zklfk vhuyhv wr ghprqvwudwh wkh ihdvlelolw| ri v|qwkhwlf
udqjh sur�olqj1 Pruh dwwhqwlrq lv wkhq jlyhq wr vlpxod0
wlrq uhvxowv/ zklfk lqwurgxfh wkh sureohpv hqfrxqwhuhg
zkhq vdpsolqj wkh uhwxuqlqj hfkr zdyhirupv1

LQWURGXFWLRQ

V|qwkhwlf udqjh sur�olqj +VUS, lv d surfhvvlqj whfk0
qltxh wr rewdlq kljk udqjh uhvroxwlrq xvlqj vwhsshg0iuh0
txhqf| zdyhirupv zlwkrxw lpsrvlqj vhyhuh lqvwdqwdqhrxv
edqgzlgwk uhtxluhphqwv rq wkh udgdu v|vwhp1 D wrwdo
udgdu edqgzlgwk ri 97�4=8 @ <9PK} fdq eh v|qwkhvl}hg
e| vhtxhqwldoo| wudqvplwwlqj 97 sxovhv/ hdfk sxovh vwhsshg
lq iuhtxhqf| e| 418PK}1 Wkh �qdo vodqw0udqjh uhvroxwlrq
wkdw fdq wkhuhiruh eh dfklhyhg lv derxw 4189p1
Wklv lv looxvwudwhg lq Ilj1 4/ zklfk vkrzv d vxuidfh sorw

Iljxuh 4= Vxuidfh sorw ri wkuhh srlqw wdujhwv wkdw zhuh
uhvroyhg xvlqj v|qwkhwlf udqjh sur�olqj

ri wkuhh srlqw wdujhwv wkdw zhuh uhvroyhg xvlqj VUS1 Wkhvh
vlpxodwhg srlqw wdujhwv/ zklfk zhuh 9p dsduw lq jurxqg
udqjh/ zhuh _looxplqdwhg% zlwk 97 prqrfkurph sxovhv
vwhsshg lq iuhtxhqf|/ hdfk sxovh kdylqj d edqgzlgwk ri
418PK}/ zklfk fruuhvsrqgv wr d vodqw0udqjh uhvroxwlrq
ri rqo| 433p1 Krzhyhu wkh xvh ri vwhsshg0iuhtxhqf|
surfhvvlqj |lhoghg d �qdo vodqw0udqjh uhvroxwlrq ri 4189p1
Wkh FDUDEDV v|vwhp lv d sudfwlfdo h{dpsoh ri dq

dlueruqh VDU v|vwhp zklfk rshudwhv lq wkh orzhu sduw ri
wkh YKI0edqg wr surgxfh vxuidfh lpdjhv xvlqj vwhsshg0
iuhtxhqf| zdyhirupv ^5`1

V\QWKHWLF UDQJH SURILOLQJ DSSOLHG WR VDU

Wr surgxfh VDU lpdjhv zlwk vwhsshg0iuhtxhqf| zdyh0
irupv edvlfdoo| uhtxluhv wkh surgxfwlrq ri rqh VUS shu
frduvh udqjh elq1 Rewdlqlqj d VUS lqyroyhv wkh iroorzlqj
vwhsv ^8`=

41 Wudqvplw d exuvw ri q sxovhv/ hdfk sxovh vkliwhg lq
iuhtxhqf| e| d �{hg iuhtxhqf| vwhs vl}h �i 1

51 Froohfw rqh L dqg T vdpsoh ri wkh wdujhw*v edvh0
edqg hfkr uhvsrqvh lq hdfk frduvh udqjh elq iru hyhu|
wudqvplwwhg sxovh1 Wkhvh vdpsohv duh wkh iuhtxhqf|0
grpdlq phdvxuhphqwv ri wkh wdujhw*v vshfwudo sur�oh1

61 Dsso| dq lqyhuvh glvfuhwh Irxulhu wudqvirup +GIW�4,
rq wkh q frpsoh{ vdpsohv lq hdfk frduvh udqjh elq
wr rewdlq dq q0hohphqw VUS ri wkh wdujhw lq wkh uh0
vshfwlyh frduvh udqjh elq1

Lq frqwudvw zlwk gdwd rewdlqhg iurp sxovh0frpsuhvvlrq
udgduv/ wkh gdwd lv douhdg| frpsuhvvhg lq wkh udqjh gluhf0
wlrq dw wklv vwdjh/ vlqfh wkh vodqw0udqjh uhvroxwlrq kdv ehhq
rewdlqhg v|qwkhwlfdoo| xvlqj wkh lqyhuvh glvfuhwh Irxulhu
wudqvirup1 Wkh d}lpxwk uhvroxwlrq/ krzhyhu/ fdq eh re0
wdlqhg dv lq sxovh0frpsuhvvlrq udgduv e| frkhuhqwo| lqwh0
judwlqj wkh udqjh0uhvroyhg hfkr vljqdov wkdw zhuh rewdlqhg
gxulqj wkh uhdo ehdp gzhoo wlph1 Wklv dvshfw lv qrw dg0
guhvvhg lq wklv sdshu1 Ixuwkhupruh/ wr rewdlq kljk uhvr0
oxwlrq lpdjhv/ prwlrq frpshqvdwlrq dqg udqjh fxuydwxuh
zrxog kdyh wr eh dgguhvvhg dv zhoo1 Dqrwkhu sureohp
qrw glvfxvvhg lq wklv sdshu lv wkh yduldwlrq ri wkh udgdu
uhvsrqvh zlwk iuhtxhqf| dqg revhuydwlrq dqjoh ^4`/ zklfk
ydulhv vljql�fdqwo| ryhu wkh v|qwkhwlf dshuwxuh sdwk1



Wkh v|qwkhwlf vodqw0udqjh uhvroxwlrq lv jlyhq e|
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Lghdoo| wkh pdwfkhg �owhu lqwhjudwlrq ohqjwk/ jlyhq e| f�s
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zkhuh �s lv wkh sxovh ohqjwk/ vkrxog htxdo wkh vodqw0udqjh
dpeljxlw| ohqjwk zv

1 Wklv ohdgv wr d sxovh ohqjwk ri
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Zkhq wkh lqwhjudwlrq ohqjwk lv juhdwhu wkdq zv/ irogryhu
zloo rffxu gxh wr lqwhjudwlrq ri vfdwwhuhuv rxwvlgh wkh
xqdpeljxrxv udqjh ohqjwk1 Krzhyhu li wkh lqwhjudwlrq
ohqjwk lv vpdoohu wkdq zv/ wkh hfkr vljqdo zloo rqo| frq0
wdlq hqhuj| lqwhjudwhg iurp d udqjh ghswk vpdoohu wkdq
wkh vodqw0udqjh dpeljxlw| ohqjwk1

V\QWKHWLF UDQJH SURILOHV RI DHURSODQHV

Wkh ihdvlelolw| ri xvlqj vwhsshg0iuhtxhqf| zdyhirupv
wr surgxfh kljk uhvroxwlrq grzq0udqjh sur�ohv kdv do0
uhdg| ehhq ghprqvwudwhg e| wkh surgxfwlrq ri VUSv ri
dhursodqhv ^7`1 Ilj1 5 vkrzv wkh VUS ri dq D653 dlu0
exv wkdw kdv ehhq surgxfhg e| wudqvplwwlqj olqhdu fklus
sxovhv dw 88 gl�huhqw iuhtxhqflhv dw O0Edqg1 Wzr sxovhv
zhuh wudqvplwwhg dw hdfk iuhtxhqf| lq rughu wr fduu| rxw
prylqj wdujhw lqglfdwlrq +PWL, surfhvvlqj1 Hdfk sxovh
kdg d edqgzlgwk ri 619697PK}/ zklfk uhvxowhg lq d frp0
suhvvhg sxovh zlgwk ri �

f
@ 5:8qv1 Wkh sxovh uhvroxwlrq

zdv wkhuhiruh f�f

5
@ 74=558p/ zklfk lv derxw wkh ohqjwk ri

d odujh dlufudiw1 Wkh iuhtxhqf| vsdflqj zdv 41;:8PK}/
zklfk fruuhvsrqgv wr d udqjh0ghod| h{whqw ri ;3p/ zklfk
lv derxw wzlfh wkh ohqjwk ri wkh sxovh uhvroxwlrq1 Wkh wr0
wdo surfhvvhg udgdu edqgzlgwk zdv 4361458PK}/ zklfk
uhvxowv lq d vodqw0udqjh uhvroxwlrq ri 4=78p1
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Iljxuh 5= V|qwkhwlf Udqjh Sur�oh ri dq D653 dluexv

Wdeoh 4= Sdudphwhuv ri udgdu xvlqj VUS

Iuhtxhqf| Vwhs Vl}h �i 418PK}
Qxpehu ri Vwhsv q 97
Vwduw Iuhtxhqf| i3 <31:8PK}
Vwrs Iuhtxhqf| i96 4;8158PK}
Wrwdo Udgdu Edqgzlgwk E <9PK}
Vodqw0Udqjh Uhvroxwlrq uuhv 4189p
D2G vdpsolqj iuhtxhqf| idg 418PK}
Frduvh Udqjh Elq Vl}h U

elq
433p

Sxovh Ohqjwk �
s

99919: qv
Sxovh Uhslwlwlrq Iuhtxhqf| SUI 44185 nK}

VLPXODWLRQ UHVXOWV

Wdeoh 4 jlyhv wkh sdudphwhuv wkdw zhuh xvhg wr rewdlq
wkh vlpxodwhg VDU gdwd1 Ilj1 6 vkrzv wkh pdjqlwxgh
dorqj d udqjh olqh ri d vlqjoh uhvroyhg srlqw wdujhw1
Wkh gdvkhg olqh lqglfdwhv wkh frduvh udqjh elq lq zklfk
wkh srlqw wdujhw lv vlwxdwhg1 Vdpsohv zhuh froohfwhg lq irxu
vxffhvvlyh frduvh udqjh elqv/ hdfk elq kdylqj d vodqw0udqjh
h{whqw ri 433p +fruuhvsrqglqj wr d 99:qv sxovh,1 Qrwh
wkdw wkh lqvwdqwdqhrxv edqgzlgwk dqg wkh D2G vdpsolqj
iuhtxhqf| uhtxluhg duh rqo| 418PK}/ frpsduhg zlwk wkh
�qdo surfhvvhg edqgzlgwk ri <9PK}1 Wkh ruljlqdo SUI
ri 4;3K} zdv lqfuhdvhg e| d idfwru ri 97/ jlylqj d �qdo
SUI ri 44185 nK}1 D udgdu prxqwhg rq dq dlufudiw zklfk
�lhv dw d khljkw ri 43 np/ pdsslqj rxw d 7 np zlgh vzdwk
lq vodqw udqjh/ uhtxluhv d SUI ri ohvv wkdq 6:18 nK} wr
dyrlg dpeljxlw| sureohpv1 Krzhyhu li lw lv uhtxluhg wkdw
rqh sxovh kdv wr eh uhfhlyhg ehiruh wkh qh{w sxovh lv wudqv0
plwwhg/ wklv lqfuhdvh lq SUI zloo eh xqdffhswdeoh1 Wkh
whfkqltxh ripxowlsoh SUI udqjlqj ^6 sj1 449` pd| eh xvhg
wr vroyh wklv sureohp1
Lq Ilj1 7 d udqjh olqh glvsod|lqj wkuhh uhvroyhg wdujhwv

lv vkrzq1 Wkh lpsruwdqw wklqj wr qrwh lq Ilj1 7 lv wkh
vsloo0ryhu ri hqhuj| lqwr wkh vxffhvvlyh udqjh elq1 Wkh
qh{w vhfwlrq glvfxvvhv wklv sureohp lq pruh ghwdlo1
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Iljxuh 6= V|qwkhwlf udqjh sur�oh ri d vlqjoh srlqw wdujhw
lq rqh frduvh udqjh elq
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Iljxuh 7= V|qwkhwlf udqjh sur�oh ri wkuhh srlqw wdujhwv
lq rqh frduvh udqjh elq/ vkrzlqj vsloo0ryhu ri hqhuj| lqwr
vxffhvvlyh udqjh elq

VDPSOLQJ FULWHULD

Ilj1 8 vkrzv wkdw iru d vlqjoh srlqw wdujhw lw lv srvvleoh
wr dyrlg vsloo0ryhu ri hqhuj| lqwr wkh vxffhvvlyh udqjh elq
e| vdpsolqj wkh pdwfkhg �owhu rxwsxw h{dfwo| dw wkh shdn
ri wkh wuldqjxodu zdyhirup1 Wklv vfhqdulr zdv iroorzhg
zkhq wkh gdwd ri Ilj1 6 zdv surgxfhg1 Krzhyhu dv vrrq
dv wkhuh lv pruh wkdq rqh srlqw wdujhw +zklfk lv wkh fdvh
lq sudfwlfh,/ wkhuh zloo eh dq lqhylwdeoh vsloo0ryhu ri hqhuj|
lqwr wkh qh{w udqjh elq/ dv looxvwudwhg lq Ilj1 81 Vdpsolqj
vwloo wdnhv sodfh dw wkh wkhruhwlfdo shdn ri wkh �uvw sxovh/
exw vrph ri wkh hqhuj| ri wkh vhfrqg sxovh dqg hyhq pruh
hqhuj| ri wkh wklug sxovh lv dovr vdpsohg lq wkh qh{w frduvh
udqjh elq1 Wklv h{sodlqv wkh ghfuhdvh lq dpsolwxgh ri wkh
vhfrqg dqg wklug sxovh dv vhhq lq Ilj1 71
D vroxwlrq wr wkh sureohp ri vsloo0ryhu ri hqhuj| zrxog

eh wr vdpsoh hyhu| vhfrqg frduvh udqjh elq gxulqj rqh
wudqvplwwhg sxovh/ dqg wkhq hyhu| rwkhu vhfrqg frduvh
udqjh elq gxulqj wkh qh{w wudqvplwwhg sxovh1 Wklv/ krz0
hyhu/ zloo lqfuhdvh wkh SUI e| d idfwru ri wzr1 Ixuwkhu
lqyhvwljdwlrqv duh ehlqj fduulhg rxw xvlqj zlqgrzlqj ixqf0
wlrqv dqg ryhuodsslqj frduvh udqjh elqv/ lq rughu wr duulyh
dw d vdwlvidfwru| vroxwlrq uhjduglqj wkh vdpsolqj ri uh0
wxuqlqj zdyhirupv1

a)

b)

c)

1 Point Target 3 Point Targets

Sampling
Instant Sampling

Instant

Output of Matched Filter

Iljxuh 8= Vdpsolqj wkh rxwsxw ri wkh pdwfkhg �owhu

VNLSSLQJ IUHTXHQFLHV

Dq lpsruwdqw dgydqwdjh ri xvlqj vwhsshg0iuhtxhqf|
zdyhirupv lv wkh fdsdelolw| ri vnlsslqj fhuwdlq iuhtxhq0
flhv wkdw zrxog rwkhuzlvh eh fruuxswhg e| h{whuqdo vrxufhv
vxfk dv eurdgfdvw IP dqg preloh udglr1 Ehiruh wudqvplw0
wlqj d sxovh/ wkh uhfhlyhu frxog suhglfw krz pxfk lqwhu0
ihuhqfh wkhuh zloo eh dw d sduwlfxodu iuhtxhqf|/ dqg wkhq
ghflgh wr vnls wkdw iuhtxhqf|1 Vlqfh wkh rughu lq zklfk
iuhtxhqflhv duh wudqvplwwhg lv qrw lpsruwdqw/ wkh udgdu
frxog wu| wr wudqvplw d vnlsshg iuhtxhqf| dw d odwhu vwdjh
lq wkh exuvw1 Dqrwkhu zd| rxw zrxog eh wr lqwhusrodwh
wkh L dqg T ydoxhv ri vnlsshg sxovhv iurp wkrvh L dqg T
ydoxhv ri vxuurxqglqj sxovhv1

FRQFOXVLRQV

Wkh uhvxowv wkdw kdyh ehhq rewdlqhg iurp vlpxodwhg
VDU gdwd vkrz wkdw lw lv ihdvleoh wr xvh vwhsshg0iuhtxhqf|
zdyhirupv wr surgxfh kljk uhvroxwlrq YKI VDU lpdjhv1
Qrw rqo| gr vwhsshg0iuhtxhqf| zdyhirupv doohyldwh wkh lq0
vwdqwdqhrxv edqgzlgwk uhtxluhphqwv ri wkh udgdu v|vwhp/
exw wkh| dovr r�hu wkh fdsdelolw| ri vnlsslqj iuhtxhqf| uh0
jlrqv wkdw pljkw eh srooxwhg e| h{whuqdo vrxufhv1 Wklv lv
h{shfwhg wr eh d pdmru ihdwxuh ri vxfk d v|vwhp/ vlqfh wkh
dprxqw ri lqwhuihuhqfh dw wkh YKI edqg lv h{shfwhg wr
eh txlwh vhyhuh1
Ixuwkhu zrun zloo kdyh wr eh fduulhg rxw wr lqyhvwljdwh

wkh h�hfwv ri lqwhusrodwlqj plvvlqj sxovhv/ wr vroyh wkh
sureohpv ri wkh pdwfkhg �owhu h�hfw vdwlvidfwrulo|/ wr lq0
yhvwljdwh wkh xvh ri pxowlsoh SUI udqjlqj dqg wr lpsoh0
phqw kljk uhvroxwlrq VDU d}lpxwk surfhvvlqj1
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